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BACKGROUND Three recent randomized controlled trials have
demonstrated that, as an initial rhythm control strategy, first-line
cryoballoon ablation (cryoablation) reduces atrial arrhythmia recur-
rence compared with antiarrhythmic drugs (AADs) in patients with
symptomatic paroxysmal atrial fibrillation (PAF).

OBJECTIVE The study sought to evaluate the cost-effectiveness of
first-line cryoablation compared with first-line AADs for treating
symptomatic PAF from a U.S. Medicare payer perspective.

METHODS Individual patient-level data from 703 participants with
PAF enrolled into the Cryo-FIRST (NCT01803438), STOP AF First
(NCT03118518), and EARLY-AF (NCT02825979) trials were used to
derive parameters for the cost-effectiveness model. The cost-
effectiveness model used a hybrid decision tree and Markov struc-
ture. The decision tree had a 1-year time horizon and was used to
inform the initial health state allocation in the first cycle of the Mar-
kov model. The Markov model used a 40-year time horizon (3-month
cycle length). Health benefits were expressed in quality-adjusted
life years (QALYs). Costs and benefits were discounted at 3% per
year.
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RESULTS Cryoablation was estimated to yield higher QALYs
(10.17) and higher costs (1$4274) per patient over a 40-year
time horizon than AADs. Ultimately, this produced an average incre-
mental cost-effectiveness ratio of $24,637 per QALY gained. Inde-
pendent of initial treatment, individuals were expected to receive
w1.2 ablations over a lifetime. There was a 45% relative reduction
in time spent in atrial fibrillation health states for those initially
treated with cryoablation compared with AADs.

CONCLUSION Initial rhythm control with first-line cryoballoon
ablation is highly cost-effective compared with first-line AADs
from a U.S. Medicare payer perspective.

KEYWORDS Cryoballoon; Ablation; Cryoablation; Cost-effective-
ness; Paroxysmal atrial fibrillation; Antiarrhythmic drug; Initial
rhythm control; Pulmonary vein isolation; Economic evaluation

(Heart Rhythm O2 2023;4:528–537) © 2023 Published by Elsevier
Inc. on behalf of Heart Rhythm Society. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.
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Introduction
Atrial fibrillation (AF) is the most common form of cardiac
arrhythmia, with a worldwide prevalence of 37.5 million
cases.1 The condition is associated with an increased risk
of ischemic stroke, heart failure, myocardial infarction,
and mortality and with symptoms that can impair health-
related quality of life (HRQoL).2,3 AF can progress and
become more sustained over time.4 Disease progression
has been associated with an increased risk of adverse cardio-
vascular outcomes and escalating healthcare costs.5
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KEY FINDINGS

- Statistical analysis of pooled individual patient data
(n5 703) from 3 randomized control trials—Cryo-FIRST
(NCT01803438), STOP AF First (NCT03118518), and
EARLY-AF (NCT02825979)—revealed a significant
reduction in the rate of atrial fibrillation recurrence and
repeat ablation for paroxysmal patients receiving cry-
oablation vs antiarrhythmic drugs (AADs).

- An economic evaluation, informed by parameters
derived from the aforementioned statistical analysis,
estimated first-line cryoablation to be a highly cost-
effective alternative to AADs as an initial rhythm con-
trol intervention.

- Cryoablation was estimated to be more costly than
AADs while yielding higher quality-adjusted life years
over a patient’s lifetime in all analyses and scenarios
explored.

- Given the pertinence of early intervention regarding
atrial fibrillation patients’ health outcomes and quality
of life, the current findings are supportive of cryoa-
blation as an initial rhythm control strategy in a
Medicare setting.
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Between 1996 and 2016, expenditures for treating cardio-
vascular disease increased by approximately $108 billion
in the United States, $16 billion of which was attributable
to treating AF.6

In the United States, antiarrhythmic drugs (AADs) are rec-
ommended as a first-line rhythm control intervention.7 Guid-
ance published by the American Heart Association (AHA),
American College of Cardiology (ACC), and Heart Rhythm
Society recommends pulmonary vein isolation with catheter
ablation in younger, healthier patients who are refractory to 1
or more AADs.7 Recently, 3 randomized control trials—
Cryo-FIRST (Catheter Cryoablation Versus Antiarrhythmic
Drug as First-Line Therapy of Paroxysmal Atrial Fibrillation)
(NCT01803438),8 STOP AF First (Cryoballoon Catheter
Ablation in an Antiarrhythmic Drug Naive Paroxysmal Atrial
Fibrillation) (NCT03118518),9 and EARLY-AF (Early
Aggressive Invasive Intervention for Atrial Fibrillation)
(NCT02825979)10—have demonstrated that, as an initial
rhythm control strategy, cryoballoon ablation (cryoablation)
is superior to AADs for reducing arrhythmia recurrence.
Moreover, first-line cryoablation has been associated with a
lower incidence of progression to persistent AF over 3 years
compared with initial AAD therapy.11

Given the economic and HRQoL burden posed by AF and
the supportive clinical evidence for cryoablation as an initial
rhythm control strategy, this study aims to evaluate the cost-
effectiveness of first-line cryoablation vs first-line AADs for
treating symptomatic PAF from a U.S. Medicare payer
perspective using data generated by the Cryo-FIRST,
STOP AF First, and EARLY-AF trials.8–10
Methods
Statistical analysis of individual patient-level data
Individual patient-level data (IPD) from 703 patients with
paroxysmal AF (PAF) who were enrolled into the
Cryo-FIRST, STOP AF First, and EARLY-AF trials were
used to derive prognostic equations to inform input parame-
ters for the cost-effectiveness model. All sites across the 3 tri-
als obtained approval from their respective institutional
review board or Ethics Committee. Moreover, all patients
provided written informed consent before participating, and
study procedures were all performed adhering to the Princi-
ples of the Declaration of Helsinki. While similar economic
analysis has been undertaken in a UK setting using outputs
of the statistical models based on the IPD, this article focuses
on the United States. To ensure transparency, all statistical
methods and results used as part of the economic evaluation
are outlined in the Supplemental Material (Section 1).

The following outcomes were incorporated into the
model: AF recurrence and resolution, rate of repeat ablation
(reablation), EQ-5D-3L utility values, rate of AF-related hos-
pitalization, rate of emergency department visits, rate of phar-
maceutical and electrical cardioversion, and rate of outpatient
appointments.

A 12-week blanking period was also considered in accor-
dance with an expert consensus statement, which recom-
mends excluding AF recurrences within the initial 3
months in which reintervention should be avoided.12 The
blanking period was not included in the base case analysis;
however, it was incorporated in a scenario analysis.
The economic model
The model used a hybrid decision tree and Markov structure.
Costs and health benefits were captured in both model com-
ponents for a hypothetical cohort of 1000 individuals that
was reflective of the population from the trials. Health bene-
fits were expressed as quality-adjusted life years (QALYs),
and costs and benefits were reflective of a U.S. Medicare
payer perspective. A 3% discount rate was applied to both
outcomes.13

A 3-month cycle length was chosen to capture the recurring
nature of arrhythmia associatedwith PAF throughout a year. A
40-year time horizon was used to capture the costs and health
outcomes associated with the model cohort across a lifetime.
Three willingness-to-pay (WTP) thresholds were examined,
consistent with the ACC and AHA’s recommended level of
value categories ($50,000, $100,000, and $150,000).14
Decision tree
The decision tree included a 12-month time horizon and was
used to estimate the patient pathway for 3 health states,
including normal sinus rhythm state, defined as no recorded
AF within 3 months, short-term (ST) episodic state, defined
as at least 1 AF episode (paroxysmal or persistent) recorded
within 3 months and death. The health state definitions were
used in place of conventional definitions to align with the 3-
monthly cycle length applied in the model and were based on
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Figure 1 Economic model schematic. A: Decision tree; B: Markov model. The decision tree endpoints constitute the initial state allocation in the Markov
model. AAD 5 antiarrhythmic drug; AF 5 atrial fibrillation; E 5 episodic; LT 5 long term; NSR 5 normal sinus rhythm; P 5 persistent; ST 5 short term.
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clinical definitions defined by the European Society of Cardi-
ology.4 Said definitions were validated by the clinical authors
to capture disease progression in the model while reflecting
clinical definitions as closely as possible.

The number of ablations following the initial procedure
(reablations) was captured by an ablation count within the
2 alive health states. Regardless of treatment arm, if patients
received 1 reablation (excluding the initial procedure in the
cryoablation arm), they were captured in the subhealth state
1 of the state that they occupied at the end of the decision
tree (e.g. ST-episodic 1). The patients’ outcome at the end
of the decision tree determined their initial state allocation
in the Markov model.
Markov model
The Markov model encompassed the remaining time hori-
zon. In addition to the previously defined health states, the
Markov model included the long-term persistent state,
defined as AF symptoms that remain over at least a 12-
month duration and do not remit without treatment, and the
permanent state, defined as AF in which, accepted by the



Table 1 Key model input parameters

Parameter Value Source

Unit costs
Procedure-related costs, $
Ablation procedure 23,134 22–24*
Intraoperative AE costs (per event), $
Esophageal injury 47,923 25†

Cardiac tamponade 6720
Pulmonary vein stenosis 2944
Vascular complications 7999
Persistent phrenic nerve injury 1742
Healthcare contact costs (excluding reablation procedures), $
CV-related hospitalizations 25,661 26 (derived using the proportion of AF patients receiving CV-

related secondary healthcare and mean costs)CV-related A&E department visits 5127
CV-related outpatient appointments 7155
Pharmaceutical cardioversion 263 27

Electrical cardioversion 254
AF AE costs (per cycle), $
Nondisabling stroke 12,641 28‡

Moderately disabling stroke 27,338
Severely disabling stroke 63,707
Stroke long-term cost 4999 29

Heart failure (NYHA functional class I) 2802 30,31

Heart failure (NYHA functional class II) 3712
Heart failure (NYHA functional class III) 3604
Heart failure (NYHA functional class IV) 3299
Pharmaceutical costs (per cycle), $
Cryoablation arm 108 Derived from per-cycle pharmaceutical costs weighted by

resource use at 12 moAAD arm 143
Utility decrements
Health state decrements
LT—persistent 0.08 Assumption
Permanent 0.11 32

AE decrements
Nondisabling stroke ST 0.00 28 (the AF population norm utility value was assumed equal to

the utility value for mild stroke)Moderately disabling stroke—ST 0.37
Severely disabling stroke—ST 0.65
Nondisabling stroke—LT 0.03
Moderately disabling stroke—LT 0.18
Severely disabling stroke—LT 0.36
Heart failure (NYHA functional class I)—LT 0.00 33

Heart failure (NYHA functional class II)—LT 0.07
Heart failure (NYHA functional class III)—LT 0.16
Heart failure (NYHA functional class IV)—LT 0.30

The parameters include those that were not derived from the IPD analysis.
A&E5 adverse event; AAD5 antiarrhythmic drug; AE5 adverse event; AF5 atrial fibrillation; CPT5 Current Procedural Terminology; CV5 cardiovascular;

FFS 5 fee for service; LT 5 long term; MS-DRG 5 Medicare Severity Diagnosis Related Groups; NYHA 5 New York Heart Association; ST 5 short term.
*The procedure cost calculation is detailed in the Supplemental Material (Section 2).
†The calculations used to derive the AE costs are detailed in the Supplemental Material (Section 3).
‡The weighting used to derive the stroke costs is detailed in the Supplemental Material (Section 3).
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patient and physician, no further attempts to restore or main-
tain normal sinus rhythm will be undertaken.

Numeric subhealth states were also assigned in the Mar-
kov model, corresponding to the number of ablation proced-
ures patients received (excluding the initial procedure in the
cryoablation arm). Individuals could have a maximum of 3
ablation procedures—including the initial procedure. The
model structure is illustrated in Figure 1.
Model parameters
The parameters that were included in the model are displayed
in Table 1. Where possible, parameter estimates were derived
from the IPD analyses. The named clinical authors provided
estimates for parameters where information was not collected
in the randomized controlled trials (RCTs) or did not exist in
the literature.
Costs
Unit costs were based on publicly available Medicare reim-
bursement rates, an analysis of the Medicare fee-for-service
(FFS) claims data, the Medicare Part D Drug Dashboard,
and literature-sourced values (Table 1). Where appropriate,
costs were inflated to the 2021 U.S. dollar. The method
used to calculate the procedure-related and pharmaceutical



Table 2 Probabilistic cost-effectiveness results (per patient)

Treatment Cryoablation AADs Incremental

Cost, $ 122,518 (101,214 to 147,903) 118,244 (96,834 to 144,019) 4274 (391 to 8126)
QALYs 12.37 (12.16 to 12.53) 12.19 (11.82 to 12.48) 0.17 (0.04 to 0.36)
Incremental cost-effectiveness ratio, $ — — 24,637 (4910 to 132,703)
Net monetary benefit — — 4400 (–4124 to 15,292)
Probability of cost-effectiveness
(WTP $50,000 per QALY), %

— — 76.2

Probability of cost-effectiveness
(WTP $100,000 per QALY), %

— — 91.6

Probability of cost-effectiveness
(WTP $150,000 per QALY), %

— — 95.2

Values are mean (95% credible interval), unless otherwise indicated.
AADs 5 antiarrhythmic drug; QALY 5 quality-adjusted life year; WTP 5 willingness to pay.

532 Heart Rhythm O2, Vol 4, No 9, September 2023
unit costs is outlined in the Supplemental Material (Sections
2 and 3, respectively).

Utility values
The impact of symptom severity and adverse events (AEs) on
HRQoLwas captured by applying disutility to baseline utility
norm values. The baseline utility norms were weighted by
sex according to the distribution identified from the pooled
trial data (Table 1).

Adverse events
The AE-related parameters are reported in the Supplemental
Material (Section 4). The probability parameters for intraoper-
ative eventswere sourced from theNational Institute forHealth
and Care Excellence guideline NG196. As these events are
short-lasting, it was assumed that they would not impact pa-
tients’ HRQoL. The probability of stroke was health state
and age-dependent and based on the cohorts’ CHA2DS2-
VASc (congestive heart failure, hypertension, age �75 years,
diabetes mellitus, prior stroke or transient ischemic attack or
thromboembolism, vascular disease, age 65–74years, sex cate-
gory) score.Theprobability of heart failurewas health state and
age dependent and based on the general population data.

Mortality
The mortality-related parameters, including the calculations
used to derive said parameters, are reported in the Supple-
mental Material (Section 5). Mortality was captured via a
combination of U.S. general population life tables (adjusted
to exclude stroke and heart failure–related deaths) and pub-
lished stroke and heart failure–related mortality rates. The
annual probability of death for the general population was
converted to an abridged probability of death across 5-year
intervals using the method outlined in a Centers for Disease
Control and Prevention report.15

Probabilistic sensitivity analysis
A probabilistic sensitivity analysis (PSA) was conducted to
generate the mean cost and QALY outcomes per patient
across 5,000 model iterations. The 95% credible intervals
(CrIs) around these mean values, the mean incremental
cost-effectiveness ratio (ICER), and the probability of cryoa-
blation being cost-effective at each WTP threshold were also
reported. To generate the inputs for each iteration, distribu-
tions were fitted to uncertain parameters within the model.
Beta distributions were used for probability and utility pa-
rameters and gamma distributions were used for cost param-
eters. The uncertainty around the regression equations was
incorporated into the model by utilizing the Cholesky matrix
derived from the regression variance-covariance matrix.

Scenario analyses
Scenario analyses, in which input parameters were changed to
those obtained from alternative sources or varied according to
clinical expert opinion or in which a 12-week blanking period
was applied, were conducted to explore parameter uncertainty.
The following parameters were explored in the scenario ana-
lyses: pharmaceutical agent costs, cardiovascular-related
healthcare costs, AF recurrence and resolution risk, ablation
success rate, stroke incidence rate, utility decrements, the
health state–specific relative risk (RR) of stroke, and the RR
of heart failure in the permanent state.

The alternate utility decrements were sourced from a vali-
dation paper examining the discriminative ability of the Eu-
ropean Heart Rhythm Association (EHRA) symptom
classification according to various HRQoL measures.16 The
decrements applied in the scenario analysis are presented in
the Supplemental Material (Section 6). Additionally, due to
uncertainty surrounding the proportion of patients treated
by a physician vs an advanced practice provider at follow-
up visits, in which, in the former, 85% of the physician fee
schedule rate is covered by Medicare, a scenario applying a
15% discount to the cardiovascular-related healthcare costs
was explored. Alternate pharmaceutical costs for the AAD
arm were also employed in a scenario for parity with a recent
publication examining the cost-effectiveness of radiofre-
quency ablation in a first-line U.S. setting, which included
comparatively higher AAD costs than in the current study
($234 vs $143 per cycle).17
Results
The results of the statistical analysis can be found in the
Supplemental Material (Section 1). The results of the PSA
indicated that the cryoablation arm is estimated to yield



Figure 2 Graphical outputs from the probabilistic sensitivity analysis (PSA). A: Cost-effectiveness plane; B: cost-effectiveness acceptability curve. AAD 5
antiarrhythmic drug; QALY 5 quality-adjusted life-year.
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higher QALYs (10.17 [95% CrI 0.04 to 0.36]) and a higher
cost (1$4274 [95% CrI $391 to $8126]) per person than the
AAD arm. Ultimately, this produced a mean ICER of
$24,637 (95% CrI $4910 to $132,703) per QALY gained
(Table 2).

Most model iterations fell in the upper-right quadrant of the
cost-effectivenessplane (Figure 2), indicating that cryoablation
is more effective and more costly than AADs. Additionally,
referring to the cost-effectiveness acceptability curve, cryoa-
blation is the economically preferred intervention at a WTP
threshold of $50,000 with an ICER of $26,000 (Figure 2).

The analysis indicated that cryoablation was cost-effective
in 76.2%, 91.6%, and 95.2% of iterations with a WTP
threshold of $50,000, $100,000, and $150,000, respectively.
The deterministic results (referring to the model outcomes
whereby no PSA was conducted) and additional model out-
comes are displayed in Tables 3 and 4, respectively. Consis-
tent with the probabilistic analysis, cryoablation was
predicted to yield higher costs (1$4834) and QALYs
(10.15) per person than AADs, generating an ICER of
$31,802 per QALY gained. Patients in the cryoablation
arm reported higher predicted life years gained and a lower
lifetime stroke rate. They also spent less time in AF health
states and received fewer reablations.

Cryoablation remained highly cost-effective vs AADs
in all scenarios explored at a WTP threshold of $50,000
per QALY gained (except the alternate decrements sce-
nario, in which decrements based on EHRA symptom
classification were applied, which is cost-effective at a



Table 3 Deterministic cost-effectiveness results (per patient)

Outcome Cryoablation AADs Incremental

Initial procedure, $ 23,134 0 23,134
Reablations, $ 4518 19,222 –14,705
Healthcare contact costs, $ 47,153 47,493 –340
Pharmaceutical costs, $ 6864 9094 –2229
AF-related adverse events, $ 38,129 39,205 –1076
Intraoperative adverse events, $ 172 123 50
Total cost per patient, $ 119,971 115,137 4834
QALYs per patient 12.39 12.24 0.15
Incremental cost-effectiveness ratio, $ — — 31,802

AAD 5 antiarrhythmic drug; AF 5 atrial fibrillation; QALY 5 quality-adjusted life year.
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threshold of $100,000 per QALY gained). Cryoablation
was estimated to yield higher QALYs and costs per pa-
tient in all scenarios.
Discussion
The current study explored the clinical and economic impli-
cations of implementing first-line cryoablation (Arctic Front
Advance Cryoballoon; Medtronic, Minneapolis, MN) as an
alternative therapy for symptomatic PAF vs first-line AADs
in a U.S. Medicare setting. Cryoablation is estimated to be
more costly than AADs while yielding higher QALYs over
a patient’s lifetime, resulting in an average ICER of
$24,637 per QALY gained. These findings were consistent
with the deterministic results (Table 3) and the scenario ana-
lyses (Table 5), with cryoablation predicted to be cost-
effective in all scenarios explored, suggesting that the results
are robust to parameter uncertainty. Employing compara-
tively higher pharmaceutical costs for the AAD arm for parity
with a recent publication indicated a dominant ICER.17

Moreover, applying the alternate EHRA classification-
specific decrements produced an ICER of $64,989 per
QALY gained. The comparatively higher ICER relative to
the base case and other scenarios explored reflects the equiv-
alent decrements applied to health states in both arms (as
opposed to the lower decrements applied to the cryoablation
Table 4 Additional model results (per patient)

Outcome Cryoablation

Time spent in each state, y
Normal sinus rhythm 20.57
Short-term episodic 2.09
Long-term persistent 0.31
Permanent 0.24
Life years
Undiscounted life years 23.20
Discounted life years 15.94
Lifetime adverse event rates
Stroke 0.24
Heart failure 0.09
Number of ablations (excluding index ablation in the cryoablation arm)
12 mo 0.07
Time horizon (40 y) 0.26

AAD 5 antiarrhythmic drug; NNT 5 number needed to treat; QALY 5 quality-a
arm when derived from the statistical analysis of the IPD), re-
sulting in reduced incremental QALYs. However, this higher
ICER is still considered cost-effective according to the inter-
mediate value threshold suggested by the AHA and ACC.14

Thus, cryoablation would be considered a highly cost-
effective alternative to AADs as an initial rhythm control
therapy in a first-line setting.

The statistical analyses indicated a significant reduction in
AF recurrence and the reablation rate after initial treatment
for the cryoablation arm. The cryoablation arm reported
0.85 fewer reablations per person and a 45% relative reduc-
tion in time spent in AF health states over a lifetime. Addi-
tionally, a predicted 4.26% higher 12-month utility was
observed for those receiving cryoablation in the ST-
episodic health state vs those who received AAD therapy.
The higher estimated QALY yield in the cryoablation arm
is likely attributable to the reduced time spent in health states
associated with higher AF burden and reduced HRQoL. This
finding is consistent with previous observations that the
decline in patient-reported quality of life is due to symptoms
and AEs associated with AF.18

In the current study, the primary driver of incremental
costs was the index ablation procedure received by all pa-
tients in the cryoablation arm. The cost of this procedure is
offset predominantly by ablation procedures received by
those in the AAD arm who experience AF recurrence
AADs Incremental NNT

18.66 1.91 —
3.52 –1.43 —
0.57 –0.26 —
0.44 –0.20 —

23.19 0.02 —
15.93 0.01 —

0.25 0.01 83
0.09 0.00 –5,519

0.25 –0.18 —
1.11 –0.85 —

djusted life year.



Table 5 Scenario analyses results

Scenario* Incremental costs ($) Incremental QALYs ICER ($)

Probabilistic base case 4274 0.17 24,637
Deterministic base case 4834 0.15 31,802
Blanking period implemented 2334 0.08 28,134
Alternative pharmaceutical costs 5690 0.15 37,435
Increased pharmaceutical costs in the AAD arm –981 0.15 Dominant
15% discount applied to the CV-related healthcare contact costs 4833 0.15 31,794
Increased RR of AF recurrence relative to the number of previous ablations by 10% 3947 0.17 23,462
Increased RR of AF resolution relative to the number of previous ablations by 10% 5558 0.14 39,527
Decreased ablation success rate of 30% (proportionally) 4605 0.16 29,027
Decreased incidence rate of stroke by 30% (proportionally) 5088 0.15 34,236
Alternative literature-based utility decrements applied based on EHRA classification. 4834 0.07 64,959
Changed health state-specific stroke RR values to values sourced from
published literature

271 0.21 1285

Increased RR of developing heart failure for those in the permanent
health state by 10%

4833 0.15 31,773

CV 5 cardiovascular; EHRA 5 European Heart Rhythm Association; ICER 5 incremental cost-effectiveness ratio; RR 5 relative risk.
*All scenario analysis outputs are deterministic and incremental values are reported on a per-patient basis.
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(Table 3). These findings are consistent with those observed
in second-line indication comparisons. Chew and col-
leagues,19 in a cost-effectiveness analysis of the Catheter
Ablation vs Anti-arrhythmic Drug Therapy for Atrial Fibril-
lation (CABANA) clinical trial comparing second-line cry-
oablation to AADs, found that despite cryoablation being
more costly due to the initial procedure, the treatment pro-
vided a substantial enough QALY benefit to offset the higher
incremental costs and generate a cost-effective result at a
WTP threshold of $100,000 per QALY gained.

Minimizing the time from diagnosis to treatment is critical
to ensure improved patient outcomes due to the progressive
nature of AF. The Early Treatment of Atrial Fibrillation for
Stroke Prevention Trial (EAST-AFNET 4) trial showed
that early rhythm control was associated with a lower risk
of adverse cardiovascular outcomes than usual care.5 In
another study, first-line cryoablation was associated with a
significantly reduced risk of progression from PAF to persis-
tent AF, suggesting that ablation is disease modifying.11

Additionally, approximately half as many AEs and a lower
hospitalization rate have been observed for patients receiving
first-line cryoablation vs AAD over 3 years.11 Thus, cryoa-
blation may facilitate slower disease progression and provide
a cost-effective first-line alternative to AADs for initial
rhythm control in paroxysmal patients.
Assumptions
The RR parameters for AF recurrence and resolution, stroke,
heart failure, and reablation success according to the number
of ablations received and the health state occupied were
based on assumptions. These parameters, which were vali-
dated by the clinical authors, were included as conservative
estimates. Similarly, the cited stroke rates are based on
clinical opinion due to an inability to identify appropriate pa-
rameters in the literature. The decrements applied to the
ST-episodic and long-term persistent states were assumed
equivalent. Scenario analyses were conducted to investigate
parameter uncertainty (Table 5). A cost-effective result was
maintained across all the explored scenarios.
Strengths
Where possible, parameter estimates were derived from the
IPD statistical analysis from the Arctic Front Advance cryoa-
blation RCTs. Despite the necessity of adopting assumptions,
the PSA and scenario analyses confirmed that the results were
robust across all scenarios explored. The model structure, pa-
rameters, and assumptions were also validated by clinical ex-
perts to ensure clinical plausibility.
Limitations
The health state parameters were derived from electrocardio-
gram (ECG) monitoring data collected in the RCTs. As ECG
monitoring detects symptomatic and asymptomatic PAF
events, the rate of AF recurrence and, consequently, the re-
treatment costs may be an overestimation. Given that consis-
tent monitoring procedures were applied to each arm within
the trials, and the inclusion criteria specified the enrollment
of symptomatic patients, both arms would be impacted
equally by the likely minimal number of asymptomatic
events. Therefore, it is unlikely that the proportion of events
presenting as asymptomatic would be affected by treatment
type. The ECG monitoring method was included as a con-
founding effect in the regression models to account for any
impact that this may have on the results.

Similarly, a recent publication has indicated that identifi-
cation of AF via electronic medical records is prone to
misclassification, leading to uncertainty surrounding pa-
tients’ symptom status at enrollment.20 However, the cryoa-
blation trial inclusion criteria were validated by, generally, a
physician note indicating recurrent self-terminating AF,
monitoring documentation (eg, ECG, Holter) within a
maximum of 24 months of enrollment, and a minimum of
2 documented AF episodes within 12 months. Therefore,
though the exact eligibility criteria differ between trials, the
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cited validation methods mitigate uncertainty surrounding
AF status at enrollment.

Another limitation concerns the application of publicly
available costs based on Medicare Part D drugs. The data
included represent the total spending for the prescription
claim, including the amounts paid by the Medicare Part D
plan and beneficiary payments. Medicare-only payments
were, therefore, calculated based on 2020 Medicare Part D
standard benefit parameters, applying an assumption
regarding the distribution of patients in the Medicare Part
D standard benefit parameter (Supplemental Material [Sec-
tion 3]).21 The associated parameter uncertainty was explored
in the scenario analyses, and the results remained supportive
of cryoablation (ICER 5 $37,435).

Conclusion
The findings suggest that first-line cryoablation is a highly
cost-effective alternative to AADs from a U.S. Medicare
payer perspective.
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