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Abstract

Background: Randomized clinical trials have demonstrated that catheter ablation for atrial 

fibrillation (AF) in heart failure patients with reduced ejection fraction (HFrEF) may improve 

survival and other cardiovascular outcomes.

Methods: We constructed a decision-analytic Markov model to estimate the costs and benefits of 

catheter ablation and medical management in patients with symptomatic HFrEF (LVEF ≤35%) 

and AF over a lifetime horizon. Evidence from the published literature informed the model inputs, 

including clinical effectiveness data from meta-analyses. Probabilistic and deterministic sensitivity 

analyses were performed. A 3% discount rate was applied to both future costs and benefits. The 

primary outcome was the incremental cost-effectiveness ratio (ICER) assessed from the US 

healthcare sector perspective.

Results: Catheter ablation was associated with 6.47 (95% confidence interval (CI) 5.89 to 6.93) 

quality adjusted life-years (QALYs) and a total cost of $105,657 (95% CI $55,311 to $191,934) 

(2018 US dollars), compared to 5.30 (95% CI 5.20 to 5.39) QALYs and $63,040 (95% CI $37,624 

to $102,260) for medical management. The ICER for catheter ablation compared to medical 

management was $38,496 (95% CI $5,583 to $117,510) per QALY gained. Model inputs with the 
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greatest variation on ICER estimates were the cost of ablation and the effect of catheter ablation 

on mortality reduction. When assuming a more conservative estimate of the treatment effect of 

catheter ablation on mortality (hazard ratio of 0.86), the estimated ICER was $74,403 per QALY 

gained. At a willingness-to-pay threshold of $100,000 per QALY gained, AF ablation was found 

to be economically favorable compared to medical management in 95% of simulations.

Conclusions: Catheter ablation in HFrEF patients with AF may be considered economically 

attractive at current benchmarks for societal willingness to pay in the United States.

Several small studies over the past decade suggest that patients with HF with reduced left 

ventricular ejection fraction (HFrEF) and concomitant atrial fibrillation (AF) have improved 

cardiovascular outcomes after catheter ablation when compared to medical therapy (rate or 

rhythm control) with regard to health-related quality of life, functional status, and left 

ventricular ejection fraction (LVEF).1–6 More recent clinical trials have also shown a benefit 

to catheter ablation in the form of reductions in both unplanned HF hospitalization and 

mortality.4, 6 Specifically, the CASTLE AF (Catheter Ablation versus Standard Conventional 

Therapy in Patients with Left Ventricular Dysfunction and Atrial Fibrillation) trial found a 

44% risk reduction of worsening HF admissions and 47% risk reduction of all-cause 

mortality among patients randomized to catheter ablation compared to medical therapy 

alone.6

To date, data on the economics of catheter ablation for AF among HF patients in the United 

States (US) are quite limited. We conducted a model-based economic evaluation to assess 

the cost per quality-adjusted life year (QALY) gained for catheter ablation, compared to 

medical management alone, in patients with concomitant AF and HFrEF. Since the clinical 

effectiveness of catheter ablation in the HFrEF largely consists of a single randomized 

control trial, a major secondary objective was to identify the key factors upon which the 

cost-effectiveness of catheter ablation in this context rests.

METHODS

The study protocol and report were prepared in accordance with the Consolidated Health 

Economic Evaluation Reporting Standards (CHEERS) Statement.7 The authors declare that 

all supporting data are available within the article.

Model Design and Structure

We constructed a decision-analytic Markov model to project the benefit and costs of two 

therapeutic strategies, catheter ablation and medical management, in a simulated cohort 

based on the baseline characteristics of CASTLE AF: 64-year old patients with paroxysmal 

or persistent atrial fibrillation (AF), heart failure with reduced ejection fraction (i.e. left 

ventricular ejection fraction (LVEF) of 35% or less) and New York Heart Association 

functional class II-III symptoms.

A two-state Markov model was constructed in TreeAge Pro 2020 (Williamstown, MA) and 

used to project costs, life-years (LYs) and quality adjusted life-years (QALYs) per-annual 

cycle over a lifetime horizon (Figure 1). Given the uncertainty in survival and the clinical 

effectiveness of AF ablation beyond the trial follow up, we adopted a conservative approach 
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for model extrapolation by assuming an attenuated benefit of AF ablation on mortality, HF 

hospitalization and quality of life beyond the five year follow up of CASTLE AF. That is, 

the hazard ratios comparing the survival conferred by AF ablation and medical management 

arms were set to 1 beyond five years of follow up. To examine the effects of alternate 

approaches to model extrapolation, we modelled two other scenarios: 1) we assumed a 

sustained clinical benefit with AF ablation beyond the trial follow up over a lifetime horizon, 

without amplification or attenuation, to estimate lifetime benefits and costs; and 2) we 

assumed no additional benefits accrued beyond the follow up of CASTLE AF (i.e. no 

accrued QALYs beyond five years). A 3% discount rate was applied to all future costs and 

benefits.8

Model Inputs

The clinical effectiveness inputs were based on a recent meta-analysis of six randomized 

control trials that compared catheter ablation to medical therapy (i.e. rate or rhythm control) 

(Table 1).9 The meta-analysis reported a pooled relative risk for all-cause mortality of 0.52 

(95% confidence interval (CI) 0.33 to 0.81) and 0.60 (95% CI 0.39 to 0.93) for heart failure 

hospitalization, with no observable heterogeneity in either pooled estimate (I2 = 0). The risk 

ratios, comparing catheter ablation to medical therapy, were applied to the cycle-specific all-

cause death and HF hospitalization rates obtained from the Kaplan-Meier estimates for the 

medical therapy arm in the CASTLE AF trial to estimate the outcomes associated with 

catheter ablation. Mortality beyond the trial follow up period was modelled using a Weibull 

distribution, which was selected according to the ranked Akeike Information Criterion 

goodness-of-fit statistic.19, 20 Parameterization of survival was performed using R v3.6.1. In 

our sensitivity analyses, our model used alternate sources for the clinical effectiveness data 

reported in 1) the CASTLE AF trial (i.e. all-cause mortality HR 0.53 and HF hospitalization 

HR 0.56), and 2) a recent large observational study using US administrative data to evaluate 

AF catheter ablation in a real-world patient cohort with AF and HFrEF (i.e. all-cause 

mortality HR 0.67 and HF hospitalization HR 1.02) to further explore the uncertainty in 

catheter ablation benefit.6, 21

For patients undergoing a medical management strategy, 31% of patients were on anti-

arrhythmic drug (AAD) therapy in the CASTLE AF trial. For patients on AADs, patients 

could be modeled as starting on dofetilide or amiodarone. In the event of toxicity or 

therapeutic failure, it was assumed that patients on dofetilide would switch to amiodarone, 

and those on amiodarone would abandon a rhythm control strategy and convert to a rate 

control approach. Based on baseline AAD use in the ORBIT AF (Outcomes Registry for 

Better Informed Treatment of Atrial Fibrillation) study, we assumed that 8% of AF patients 

on AAD would start dofetilide as a first-line AAD with the remaining patients starting on 

amiodarone.22 That is, 3% of the total ORBIT AF cohort were on dofetilide at baseline. 

Among the 37% of the total cohort on baseline AAD therapy, dofetilide was the AAD 

therapeutic choice in 8%. Given the less favourable long-term side effect profile of 

amiodarone compared to dofetilide, we also conducted a sensitivity analysis that assumed 

AAD initiation would consist of 50% dofetilide and 50% amiodarone.
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Utility inputs were obtained from the Euro heart study, which collected EQ-5D survey data 

from 5,050 cardiac patients (with AF, HF and concomitant AF and HF), and used a time-

trade off method for utility weighting.13 Based on this data, the utility decrement from AF 

recurrence was set at −0.080, which is similar to the utility difference reported in a prior 

cost-effectiveness study by Reynolds et al. that derived utility scores through indirect 

comparison of several AF cohorts.23 We also applied a temporary utility decrement of 

−0.0066 for each HF hospitalization event.14, 15

Costing inputs for catheter ablation and annual outpatient AF management were obtained 

from recent analyses of commercial and Medicare claims in the United States.16, 18 Aside 

from the initial cost of catheter ablation, the annual cost of AF management per patient 

included medications, outpatient physician visits and other patient services, laboratory 

services, and emergency care for cardiovascular-related medical conditions. We assumed 

similar outpatient follow up costs in both the catheter ablation and medical management 

strategies. Based on data from the CASTLE AF trial, we assumed that 25% of patients in the 

catheter ablation arm would require a redo procedure incurring associated catheter ablation 

costs over the first 5 years of follow up. We made the conservative assumption that patients 

in the medical management arm could not accrue costs associated with crossover to catheter 

ablation. For HF re-hospitalization, we obtained the average cost per patient of a HF 

hospitalization with a median length of stay of 5 days from an analysis of the national 5% 

sample of Medicare beneficiaries.17 It was assumed that peri-procedural complications from 

AF ablation, antiarrhythmic drug toxicity or a change in antiarrhythmic drug therapy would 

incur costs associated with a typical cardiovascular hospitalization. While clinical studies 

allow for a “blanking period” (typically three months) of early AF recurrence, our economic 

model accrued all costs related to post-ablation clinical events and outpatient management 

regardless of the blanking period. Costs were valued in 2018 USD, and adjusted using the 

US Medical Care Consumer Price Index, where appropriate.24

Variability and Uncertainty

In order to understand how each individual factor influenced the estimated cost-

effectiveness, one-way sensitivity analyses were performed in which we varied a single input 

parameter at a time using 95% CI bounds and recorded the change in incremental cost per 

QALY. Variables for which CIs were not provided were modelled with using a range of ± 

50%. We also conducted a probabilistic sensitivity analysis, where a Monte Carlo simulation 

comprised of 10,000 iterations was used to propagate the uncertainty in individual model 

parameters to generate a distribution of expected costs and QALYs. We applied log-normal 

distributions for all hazard ratios, β-distributions to all probabilities and utilities, and γ-

distributions to all costs (Supplemental Table I).

RESULTS

Model Validation

To assess model calibration, we compared the modelled survival probabilities of the medical 

management cohort to the reported survival in the CASTLE AF trial. Among the cohort 

treated with medical management alone, the modelled survival probabilities (94.6% (95% CI 
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91.3 - 97.8) at 1 year, 83.2% (95% CI 77.7 - 88.6) at 3 years and 62.0% (95% CI 54.9 - 69.9) 

at 5 years) were similar to the Kaplan Meier estimates reported in CASTLE AF (96.1% at 1 

year, 82.8% at 3 years, and 62.5% at 5 years).6 Additionally, the model estimated a 10-year 

survival of 34.2% (95% CI 27.4 - 41.0), which is comparable to the 10-year survival of 

35.4% (95% CI 24.3 - 36.6) reported for the subgroup of patients aged 65 to 74 years in a 

large contemporary cohort of primary care HF patients in the United Kingdom.25 Lastly, the 

model survival probabilities of the catheter ablation cohort (97.6% (95% CI 96.4 - 98.5) at 1 

year, 89.8% (95% CI 84.6 - 93.4) at 3 years, 80.5% (95% CI 71.4 - 87.2 at 5 years) were 

also comparable to the CASTLE AF Kaplan Meier estimates (95.3% at 1 year, 84.9% at 3 

years, 81% at 5 years).

Base Case Analysis

Over a lifetime horizon, patients with concomitant HFrEF and AF who underwent catheter 

ablation accrued an average of 6.47 (95% CI 5.89 - 6.93) QALYs or 8.43 (95% CI 7.66 - 

9.02) LYs and had a total cost of $105,657 (95% CI 55,311 - 191,934). Patients who 

received medical management alone accrued an average of 5.30 (95% CI 5.20 - 5.39) 

QALYs or 7.21 (95% CI 6.93 - 7.48) LYs, and had a total cost of $63,040 (95% CI 37,624 - 

102,260). The incremental cost for ablation was $42,617 and the incremental benefits were 

1.17 QALYs and 1.22 LYs. The resulting incremental cost effectiveness ratios (ICERs) for 

catheter ablation compared to medical management alone were $38,496 (95% CI 5,583 - 

117,510) per QALY gained and $35,335 (95% CI 5,413 - 125,472) per LY gained (Table 2).

Sensitivity Analyses

The inputs with the greatest variation effect on the model (Figure 2) were the clinical 

effectiveness of AF ablation on mortality and the cost of catheter ablation. When the catheter 

ablation cost was varied from $16,408 to $48,679, the range of the incremental cost per 

QALY gained was between $17,889 and $46,371.

The cost-effectiveness acceptability curve displays the probability of each strategy accruing 

the best net health benefit at different willingness-to-pay thresholds (Figure 3). At a 

willingness-to-pay threshold of $50,000 per QALY gained, catheter ablation was cost-

effective in 75% of simulations (Figure 4). Using a threshold of $100,000 per QALY gained 

benchmark, catheter ablation was cost-effective in 95% of simulations.

In a secondary analysis using clinical effectiveness inputs from CASTLE AF rather than the 

meta-analysis, the value proposition was similar to the base case with an estimated ICER of 

$35,831 per QALY gained. Given the uncertainty in the generalizability of the CASTLE AF 

findings,21 we attenuated the estimated treatment benefit of AF ablation on all-cause 

mortality to assess the corresponding effect on ICER estimate. Assuming a more modest 

ablation effect on mortality compared to medical management (HR of 0.86, or the upper 

limit of the 95% CI of treatment effect), the estimated ICER was $74,403 per QALY gained.

We also conducted a sensitivity analysis using clinical effectiveness inputs derived from a 

large US administrative cohort of patients comparing the efficacy of catheter ablation versus 

medical management in patients with concomitant HFrEF and AF. In this study, ablation 

was associated with a lower risk of death (HR 0.67) but there was no difference in the risk of 
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HF hospitalization (HR 1.02).21 The ICER using these more modest estimates of clinical 

effectiveness was $49,783 per QALY gained.

To better understand the theoretical upper limit of the treatment effect that would remain 

below a willingness-to-pay threshold of $100,000 per QALY gained, we performed a 

threshold analysis. In this analysis, the hazard ratio of death (AF ablation versus medical 

management) would need to be less than 0.91 assuming that the clinical benefit of catheter 

ablation was primarily obtained through a reduction in the risk of death.

Scenario Analyses

Our base case model provided a conservative ICER estimate by assuming attenuated benefit 

beyond 5 years. With a model that allowed clinical benefits of catheter ablation to be 

sustained over a lifetime horizon without amplification or attenuation, catheter ablation was 

associated with 7.93 QALYs and $115,109, and medical management was associated with 

5.07 QALYs and $63,883. The resulting ICER was $17,899 per QALY gained 

(Supplemental Table II).

The most conservative estimate is derived when assuming that no additional costs or benefits 

accrue beyond the follow up of CASTLE AF (i.e. no accrued QALYs beyond five years). In 

this scenario, catheter ablation was associated with 3.23 QALYs and $68,247, and medical 

management was associated with 2.78 QALYs and $33,413. The estimated ICER was 

$76,826 per QALY gained.

Finally, we assessed the influence of initial AAD therapy on the estimated ICER. Among the 

31% of patients in the medical management arm who were started on AAD therapy, 8% 

were started on dofetilide for initial management of AF, based on practice patterns described 

in the ORBIT AF registry, and the remaining patients were started on amiodarone.22 When 

the proportion of dofetilide was increased to 50%, the estimated ICER was $33,878 per 

QALY gained comparing catheter ablation to medical management. In this scenario, the 

improved value proposition of catheter ablation compared to medical management alone was 

due to the added upfront costs in the medical management arm associated with 

hospitalization for dofetilide initiation.

DISCUSSION

The main finding of our study is that catheter ablation appears to be an economically 

attractive strategy compared to medical management alone for patients with AF and HFrEF 

under the conservative assumptions that clinical benefits only persisted for 5 years or that the 

size of the mortality benefit was substantially smaller than that reported in the CASTLE-AF 

Trial. Our base case incremental cost effectiveness ratio was $38,496 which meets 

conventional criteria for cost effectiveness in the United States.26 When varied over their 

reported ranges, the model inputs that resulted in the greatest estimated ICER variations 

were the initial cost of catheter ablation, the clinical effectiveness of catheter ablation on 

mortality reduction, and the health utility with recurrent symptomatic AF. However, despite 

the uncertainty in these input parameters, 95% of our simulations found that catheter 

ablation had an incremental cost effectiveness ratio less than $100,000 per QALY gained.
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Our results are consistent with a recent cost-utility analysis comparing catheter ablation and 

medical management among HFrEF patients with AF.27 Conducted from the perspective of 

the Australian health system, Gao et al. estimated an ICER of $55,942 (Australian Dollars) 

per QALY gained for patients treated with catheter ablation compared to medical 

management. In contrast to our study, Gao et al. assumed a similar base utility among the 

catheter ablation and medical management cohorts. That is, the model assumed that catheter 

ablation did not confer an improvement in health-related quality of life, which may 

underestimate the benefit of catheter ablation and the subsequent ICER. Additionally, this 

assumption is not consistent with the published literature; catheter ablation is associated 

with significant improvements in quality of life in both generic and disease-specific quality 

of life measures.28, 29

Other prior economic models over the past decade have not specifically assessed the cost-

effectiveness of AF catheter ablation in patients with concomitant HFrEF.23, 30–33 These 

prior studies assessed the cost-effectiveness of catheter ablation in the overall symptomatic 

AF population, and relied on model assumptions that predated the availability of adequate 

clinical effectiveness data.

The present analysis is motivated in part by the intriguing and unexpected finding of a large 

mortality benefit from catheter ablation in the CASTLE-AF Trial, which reported improved 

survival among those randomized to catheter ablation as well as a reduced the risk of HF 

hospitalization compared to medical therapy alone.6 The coexistence of AF and HFrEF may 

represent a distinct and more clinically severe patient subgroup that derives differential 

benefit from rhythm control with catheter ablation.34 It is worth noting that CASTLE AF 

trial has been subjected to several criticisms including the relatively high proportion of 

participants lost to follow up, the non-standardized approach to optimization of HF therapy, 

and slow enrollment with a highly selective inclusion criteria.35 These limitations have led to 

skepticism in the generalizability of the trial results.

Additionally, the recent AMICA (Atrial Fibrillation Management in Congestive Heart 

Failure with Ablation) trial showed similar LVEF changes in the ablation and medical 

management groups, raising the question of whether ablation produces important amounts of 

remodeling in the heart failure population with reduced left ventricular function as suggested 

by CASTLE-AF.36 However, AMICA results are best viewed as inconclusive due to an 

insufficient sample size (with premature study termination due to enrolment futility) and due 

to the exclusion of 12% of randomized participants from primary outcome analysis due to 

technically inadequate follow-up transthoracic echocardiogram studies.

Contrary to the results of the AMICA study, the clinical benefit of AF catheter ablation in 

heart failure with regard to improvement in LVEF and clinical outcomes has been described 

in prior trials.3, 4 In a recent meta-analysis of six randomized trials, catheter ablation was 

found to reduce the risk of all-cause mortality (RR 0.52; 95% CI 0.33 to 0.81) and HF 

hospitalization (RR 0.60; 95% CI 0.39 to 0.93) compared to medical management among 

patients with concomitant HFrEF and AF.9 Additionally, the prespecified subgroup analysis 

of HF patients in CABANA (Catheter Ablation vs Antiarrhythmic Drug Therapy for Atrial 

Fibrillation) provides potential support to the treatment benefit associated with catheter 
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ablation in the HFrEF population.37 Among patients with NYHA class II or greater 

symptoms, there was a trend towards a decreased risk of the primary composite endpoint of 

death, disabling stroke, serious bleeding, or cardiac arrest (HR 0.68, 95% CI 0.44 to 1.05; 

p=0.15). Although the classification of HF is not directly comparable between CABANA 

and CASTLE AF (i.e. HF with NYHA Class > II and HF with reduced EF, respectively), the 

similar direction of treatment effect among the catheter ablation arm compared to medical 

management provides encouragement that patients with HF and concomitant AF may derive 

benefit.

Even assuming a more conservative estimate of the treatment effect on mortality (i.e. HR 

0.86, the upper limit of the 95% CI of catheter ablation versus medical management in the 

CASTLE AF trial), the estimated ICER was $74,403 per QALY gained. Under this scenario, 

the cost-effectiveness of ablation relative to medical management could improve with 

decreased ablation costs, increased symptomatic benefit, or a lower rate of redo procedures 

in the setting of improved catheter ablation technology. Nevertheless, the findings of the 

current economic evaluation should be taken with caution until the clinical benefit observed 

in CASTLE AF is corroborated in additional, larger studies.

Limitations

The results of the study need to be interpreted in the context of several limitations. First, the 

clinical effectiveness inputs were primarily based on a single randomized control trial.6 To 

date, CASTLE AF remains the largest trial of AF catheter ablation in the HFrEF population 

and these findings will need to be corroborated by additional studies. Several ongoing trials 

will help address this area of uncertainty: (a) The Ablation of Atrial Fibrillation in Heart 

Failure Patients (CONTRA-HF) trial is investigating a rhythm control strategy using 

cryoablation in patients with HF and implanted cardiac devices (ClinicalTrials.gov 

NCT03062241); and (b) Randomised Ablation-based Atrial Fibrillation Rhythm Control 

Trial in Patients with Heart Failure and High Burden Atrial Fibrillation (RAFT AF) is 

assessing the impact of a catheter ablation-based rhythm control strategy versus rate control 

in patients with AF stratified by HFrEF and HF with preserved EF (ClinicalTrials.gov 

NCT01420393). In our sensitivity analyses, catheter ablation continued to represent a cost-

effective strategy compared to medical management as long as there was a mortality benefit 

large enough to be demonstrable in a plausibly sized clinical trial.

Second, the utility inputs from CASTLE AF and other large randomized trials of AF in 

HFrEF were not available. Similar to prior cost-effectiveness analyses,23 we assigned a 

higher utility value to patients who maintained sinus rhythm compared to those with 

recurrent AF. Our model assumes that AF is the primary driver of quality of life and the 

weighting of AF takes precedence over the contributions of HF to utilities. This assumption 

may overestimate the magnitude of QALY benefit. Nevertheless, in the scenario where 

utility weights were not considered, our model estimated an ICER of $35,335 per LY gained, 

which is still within the conventional threshold for value within in US.

Third, we may have underestimated the cost offsets conferred by the catheter ablation 

strategy. That is, while CASTLE AF reported a reduction in the rate of HF hospitalization 

following AF ablation, additional health resource use was not reported by treatment group. It 
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is possible that a strategy of AF catheter ablation in HFrEF also reduces the frequency of 

arrhythmia-related hospitalization or emergency department visits, which would result in 

fewer long-term costs associated with catheter ablation and a more favourable ICER.

Last, costs were not directly measured in the CASTLE AF trial by gold standard micro-

costing methods. The current study relied on published costs for AF ablation derived using 

the MarketScan, which is a large administrative claims database comprising of individuals 

covered by employer insurance, and Medicare beneficiaries who possess supplemental 

insurance paid by their employers. Since this database contains a convenience sample of 

claims, our results may not be fully generalizable across the United States among patients 

covered by Medicare or Medicaid. It is worth noting that the median age of our modelled 

cohort was 64 years old, where the costing inputs obtained from commercial insurance may 

be more relevant.

However, when extrapolating our findings to the Medicare population, our base case cost 

input for initial AF ablation may underestimate the value proposition of catheter ablation for 

AF in HFrEF. The estimated ICER would be more favorable when using lower ablation 

costs, such as Medicare reimbursement ($19,800 in 2018 USD including the National 

Medicare Outpatient Hospital Rate for Level 3 Electrophysiology procedures and physician 

fees)38, 39 or mean ablation costs derived from administrative databases primarily comprised 

of Medicare or managed care insurance plans ($21,563 in 2014 USD).40 Nevertheless, when 

using a conservative AF ablation cost in our base case model, catheter ablation of AF was 

still considered economic attractive compared to medical management alone.

CONCLUSIONS

Based upon the available randomized evidence to date, catheter ablation may be an 

economically attractive strategy for treatment of AF in HFrEF patients, but our results are 

dependent on the assumption that unambiguous mortality reduction can be corroborated in 

future trials in this patient population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT IS KNOWN

• In heart failure patients with reduced ejection fraction (HFrEF), randomized 

clinical trials have shown than catheter ablation for atrial fibrillation (AF) 

reduces the risk of hospitalization and mortality, and improves health-related 

quality of life compared to medical therapy alone.

• Few studies have evaluated the value proposition of catheter ablation in heart 

failure patients, and the lifetime costs and benefits from the US healthcare 

sector perspective have not been estimated.

WHAT THE STUDY ADDS

• Catheter ablation in HFrEF patients with AF may be considered economically 

attractive compared to medical therapy at current benchmarks for societal 

willingness to pay in the United States with an incremental cost effectiveness 

ratio of $38,496 (95% CI $5,583 to $117,510) per QALY gained.

• The key factors influencing the value proposition of catheter ablation included 

the initial cost of catheter ablation and the clinical effectiveness of catheter 

ablation on mortality reduction. Despite the uncertainty in these input 

parameters, 95% of our simulations found that catheter ablation had an 

incremental cost effectiveness ratio less than $100,000 per QALY gained.
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Figure 1. 
Schematic of Markov model structure. Abbreviations: AF, atrial fibrillation; HF, heart 

failure; HFrEF, heart failure with reduced ejection fraction.

Chew et al. Page 14

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2021 December 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Tornado diagram summarizing one-way sensitivity analyses on incremental cost-

effectiveness ratio (cost per quality-adjusted life years gained). Grey and black bars denote 

the effects of the upper and lower bounds of each variable input, respectively. That is, the 

upper bound may have differential effects on the incremental cost-effectiveness ratio 

depending on the variable input. Abbreviations: AF, atrial fibrillation; HF, heart failure; 

QALY, quality-adjusted life year; RR, relative risk.

Chew et al. Page 15

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2021 December 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Cost-effectiveness acceptability curve showing the probability of a strategy being cost-

effective over a range of willingness-to-pay (WTP) thresholds.
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Figure 4. 
Incremental cost-effectiveness plane comparing medical management to ablation
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Table 1.

Base case clinical and costing inputs

Variable Base Case Range Distribution Reference

Clinical Inputs

 All-cause death at 1 year (Medical Management) 0.045 n/a Weibull 6

 Relative risk of HF Hospitalization (Ablation vs. Medical Management) 0.60 0.39 to 0.93 Log-normal 9

 Relative risk of death (Ablation vs. Medical Management) 0.52 0.33 to 0.81 Log-normal 9

 Annual Rate of HF Hospitalization 0.124 0.062 to 0.187 Beta 6

 Probability of Sinus Rhythm at 1 year with Medical Therapy 0.275 0.2 to 0.35 Beta 4, 6, 10

 Relative Risk of AF Recurrence (Ablation vs. Medical Management) 0.39 0.27 to 0.57 Log-normal 11

 Risk of Ablation Complication within 1 year 0.029 0.026 to 0.032 Beta 12

 Annual risk of redo ablation procedure 0.0546 ±50% Beta 6

 Annual risk of antiarrhythmic drug toxicity 0.0534 ±50% Beta 4

Utilities

 Alive in Sinus Rhythm 0.779 0.770 to 0.788 Beta 13

 Disutility AF Recurrence −0.080 −0.099 to −0.062 Beta 13

 Disutility HF Hospitalization −0.0066 −0.0135 to 0 Beta 14, 15

Costs

 Cost of AF Catheter Ablation $36,475 $16,408 to 48,679 Gamma 16

 Heart Failure Hospitalization Cost $15,874 ±50% Gamma 17

 Annual Outpatient Costs of AF $3,843 ±50% Gamma 18
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Table 2.

Base Case and Lifetime Probabilistic Models

Base Case: Probabilistic Model Base Case: Deterministic Model

Strategy Total Costs (95% CI) Total LYs (95% CI) Total QALYs (95% 
CI)

Total Costs Total LYs Total QALYs

Medical 
Management

63,040 (37,624-102,260) 7.21 (6.93-7.48) 5.30 (5.20-5.39) 63,883 7.21 5.30

Catheter 
Ablation

105,657 (55,311-191,934) 8.43 (7.66-9.02) 6.47 (5.89-6.93) 106,425 8.45 6.49

ICER $38,496 per QALY gained (95% CI 5,583 - 117,510) $35,600 per QALY gained
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