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Abstract

BACKGROUND—In the Catheter Ablation for Atrial Fibrillation with Heart Failure (CASTLE-
AF) trial, catheter ablation reduced the risk of death and heart failure (HF) hospitalization in
patients with atrial fibrillation and HF by 40%.

OBJECTIVES—The study aimed to assess the generalizability of CASTLE-AF to routine
clinical practice.

METHODS—Using a large US administrative database, we identified 289,831 patients with atrial
fibrillation and HF treated with ablation (n = 7465) or medical therapy alone (n = 282,366) from
January 1, 2008, through August 31, 2018. Patients were divided into 3 groups on the basis of trial
eligibility: (1) eligible for CASTLE-AF, (2) failing to meet the inclusion criteria, and (3) meeting
at least 1 of the exclusion criteria. Propensity score overlap weighting was used to balance ablated
and drug-treated patients on 90 baseline characteristics. Cox proportional hazards regression was
used to compare ablation with medical therapy for the primary outcome of a composite end point
of all-cause mortality and HF hospitalization.
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RESULTS—Only 7.8% of patients would have been eligible for the trial; 91.0% failed to meet
the trial inclusion criteria;and 15.5% met the exclusion criteria. Ablation was associated with a
lower risk of the primary outcome in the overall cohort (hazard ratio [HR] 0.81; 95% confidence
interval [CI] 0.76-0.87; P< .001), in the trial-eligible cohort (HR 0.82; 95% CI 0.70-0.96; P
=.01), and in patients who failed to meet inclusion criteria (HR 0.79; 95% CI 0.73-0.86; £ < .001)
but not in patients who met the exclusion criteria (HR 0.97; 95% CI 0.81-1.17). The relative risk
reduction was consistent regardless of whether patients had HF with reduced left ventricular
ejection fraction.

CONCLUSION—The benefit associated with ablation appears to be more modest in practice than
that reported in the CASTLE-AF trial.
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Introduction

Methods

Atrial fibrillation (AF) and heart failure (HF) commonly coexist—one-third of patients with
AF have HF, and more than half of patients with HF have AF.1 It has long been hypothesized
that restoring sinus rhythm may reduce cardiovascular events, but rhythm control with
antiarrhythmic drugs (AADs) has not been found to be superior to rate control.2 The
inability of AADs to improve outcomes may be due to limited efficacy as well as challenges
with safety, including adverse events and proarrhythmia, especially in patients with HF.

Catheter ablation has emerged as a more effective approach to maintain sinus rhythm than
AADs. Ablation has also been shown to improve left ventricular ejection fraction (LVEF)
and N-terminal pro-brain natriuretic peptide levels, suggesting potential cardiovascular
benefits in patients with HF.3 Recently, in the Catheter Ablation for Atrial Fibrillation with
Heart Failure (CASTLE-AF) trial, ablation reduced all-cause mortality and HF
hospitalization by ~40%.# In light of this trial, the 2019 focused update on the American
guidelines added a class I1b recommendation for ablation in patients with HF with reduced
LVEF (HFrEF).5 However, little is known about whether the trial results are generalizable to
routine clinical practice, especially considering that CASTLE-AF included only 363 patients
who had LVEF < 35% and implantable cardioverter-defibrillator (ICD).

Therefore, this study aimed to assess the generalizability of the CASTLE-AF trial in a large
cohort of US patients with AF and HF. We examined the proportion of patients who would
have met trial eligibility and the associations between ablation and clinical outcomes,
stratified by trial eligibility.

The Mayo Clinic Institutional Review Board exempted this study from review, because the
study used preexisting, de-identified data.
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Study population

Exposure

Outcomes

This study was a retrospective cohort analysis using Optum-Labs Data Warehouse, which
contains >130 million patients with private insurance or Medicare Advantage of all ages and
races from all 50 states throughout the United States.®” The study population consisted of
adult patients (age =18 years) with AF who were treated with ablation or drug therapy alone
(either with AADs or rate-control drugs or both) from January 1, 2008, through August 31,
2018. The ablation cohort included patients who underwent an ablation procedure with a
primary diagnosis of AF on the procedure claim. When a patient received multiple AF
ablation procedures, the first one was selected as their index date. Patients who received
their first AF ablation before January 1, 2008, were excluded. Patients were also required to
have an HF diagnosis on or before the index date. The drug cohort included patients who did
not undergo ablation but filled a study drug during the study period and had diagnoses of
both HF and AF on or before the prescription fill date. Many patients may have used
multiple drugs during the study period, and the initiation date of one of the drugs was
randomly selected as the index date. In other words, for the drug cohort, the index date was
the first fill date of a specific drug, but patients could have used a different drug before the
index date. This method assured that both the ablated and drug-treated cohorts included
patients with prior drug use, which was considered in the propensity score model. Patients
were required to have at least 12 months of continuous enrollment in health insurance plans
before the index date in order to capture an adequate medical history. Patients with invalid
demographic data were excluded. The patient selection flow diagram is given in
Supplemental Figure 1.

A list of rhythm- and rate-control drugs is given in Supplemental Table 1. Ablation was
identified using procedure codes (Supplemental Table 2). The same methods have been used
in prior studies.8-12

Patients were followed until the end of the study period (August 31, 2018), the end of
enrollment in health insurance plans, or death, whichever occurred first. The primary
outcome was a composite end point of all-cause mortality or HF hospitalization. Mortality
was identified on the basis of the Social Security Administration’s Death Master File and
discharge status. HF hospitalization was defined as a hospitalization with HF as the primary
diagnosis. The secondary outcomes included all-cause mortality and HF hospitalization
considered separately, cardiovascular hospitalization, and hospitalization for any cause, and
cerebrovascular accident (defined as ischemic or hemorrhagic stroke as a primary diagnosis
during an emergency department visit or an inpatient stay). The diagnosis codes used to
define cohorts and outcomes are given in Supplemental Table 2.

Statistical analysis

Patients were divided into 3 groups on the basis of trial eligibility as defined using the
operational definitions given in Supplemental Table 3: (1) patients who would be eligible for
CASTLE-AF; (2) patients who failed to meet the inclusion criteria, that is, HFrEF and ICD;
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and (3) patients who met at least one of the exclusion criteria. HFrEF was defined using the
systolic HF diagnosis codes. In a previous internal validation using a subgroup of patients
with linked electronic health records in OptumLabs, the codes performed relatively well in
identifying patients with HFrEF, with a specificity of 91% and a sensitivity of 81%. Some
patients both failed to meet the inclusion criteria and met the exclusion criteria. In the
stratified analyses for clinical outcomes, such patients were classified as those who met the
exclusion criteria.

Propensity score overlap weighting was used to account for the differences in baseline
characteristics between patients who underwent catheter ablation and those who were treated
with medical therapy alone.13 Standardized mean difference was used to assess the balance
of covariates after weighting, and a difference of <0.1 was considered acceptable.14 Cox
proportional hazards regression was used to compare outcomes in patients treated with
ablation and medical therapy in the propensity score—weighted cohort with a robust
sandwich estimator for variance estimation. The Fine and Gray method was used to consider
death as a competing risk when assessing nonfatal outcomes.1® The proportional hazards
assumption was tested using Schoenfeld residuals.1® When the assumption was violated,
cumulative risks and hazard ratios (HRs) at different points were presented in addition to the
overall HR.

Subgroup analyses

Prespecified subgroup analyses included stratification by age, sex, race, HFrEF,
cardiomyopathy, prior cardioversion, implanted device, diabetes, hypertension with left
ventricular hypertrophy, prior amiodarone use, concurrent use of digitalis, concurrent use of
B-blockers, and the number of prior AADs. In patients who were eligible for the trial, all
patients had HFrEF and ICD; therefore, the subgroup analyses stratified by HFrEF and ICD
were removed and 2 additional subgroup analyses were added: cardiac resynchronization
therapy and indication for defibrillator (primary or secondary).

Sensitivity analyses

First, a stratified analysis was performed on the basis of whether the drug-treated patients
were treated with AADSs or with rate-control drugs only. Propensity score weights were
recalculated to compare ablation with AADs and to compare ablation with rate-control
drugs. Second, a similar stratified analysis was performed on the basis of the adherence to
arug therapy (defined as proportion of days covered =80%). Third, post hoc exploratory
analyses were performed on the basis of HF hospitalization, as the reduction was not
significant in the present study. Poisson regression was used to allow multiple
hospitalizations and performed another sensitivity analysis blanking the first 30 days of
follow-up. Fourth, falsification end points were used to test for residual confounding. Three
end points that are unlikely to be a result of undergoing ablation—emergency department
visit or hospitalization related to chronic obstructive pulmonary disease, pneumonia, and
fracture—were selected. A significant relationship between ablation and a falsification end
point would suggest a possibility of residual confounding.
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The prespecified analysis plan, including more details of the methods, is available in the
Supplement. A Pvalue of <.05 was considered statistically significant for all tests. All tests
were 2-sided. No adjustment for multiple testing was performed. All the analyses except
those related to the primary outcome were considered to be exploratory. All analyses were
performed using SAS 9.4 (SAS Institute Inc., Cary, NC) and Stata 14.1 (Stata Corp, College
Station, TX).

Patient characteristics

Outcomes

This study identified 289,831 patients with AF and HF treated with ablation (n = 7465) or
medical therapy alone (n = 282,366). Approximately 21.8% of the drug-treated patients were
treated with AADs, 68.4% of whom were amiodarone (Supplemental Table 4). In the overall
group before propensity score weighting, the mean age was 73.2 + 10.3 years and 47.6%
were female (Table 1). Approximately 91.0% of patients did not meet the trial inclusion
criteria, that is, HFrEF and ICD; 15.5% of patients met at least one of the exclusion criteria
(eg, renal failure, contraindication to anticoagulation, and a recent myocardial infarction or
stroke); and 7.8% would have been eligible for the trial (Supplemental Table 3). After
propensity score weighting, patients treated with ablation and those treated with medical
therapy alone were identical on 90 dimensions (Table 1, Supplemental Tables 5-7, and
Supplemental Figure 2).

The mean follow-up period was 1.8 + 1.8 years. In the overall cohort, ablation was
associated with a lower risk of the primary outcome of all-cause mortality and HF
hospitalization (HR 0.81; 95% confidence interval [CI] 0.76-0.87; P< .001), a lower risk of
all-cause mortality (HR 0.67; 95% CI 0.62-0.74; P< .001) but not HF hospitalization (HR
1.02; 95% CI 0.94-1.10; P=.67) or cerebrovascular accident (HR 0.98; 95% CI 0.82-1.17;
P=.81) (Table 2 and Supplemental Table 8). The cumulative risks and HRs over time are
illustrated in Figure 1 and Supplemental Table 9.

In analyses stratified by trial eligibility, ablation was associated with a lower risk of the
primary end point in patients eligible for CASTLE-AF (HR 0.82; 95% CI 0.70-0.96; P
=.01) and those who would have failed to meet the inclusion criteria for CASTLE-AF (HR
0.79; 95% CI 0.73-0.86; P < .001) but not in those who would have been excluded from the
CASTLE-AF trial (HR 0.97; 95% CI 0.81-1.17; P=.75).

Subgroup analyses

In the overall cohort, the relative risk reduction associated with ablation was greater in
patients younger than 65 years, men, patients without any implanted devices, and patients
without diabetes (Figure 2). The effect was consistent regardless of whether patients had
HFrEF. In trial-eligible patients, the effect was consistent across subgroups (Supplemental
Figure 3). In patients who failed to meet trial inclusion criteria, the relative risk reduction
associated with ablation was greater in patients without any implanted devices and patients
without diabetes (Supplemental Figure 4). In patients with trial exclusions, the relative risk
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reduction associated with ablation was greater in patients younger than 65 years, men, and
patients without concurrent use of B-blockers (Supplemental Figure 5).

Sensitivity analyses

The relative risk reduction associated with ablation was similar when comparing ablation
with AADs (HR 0.82; 95% CI 0.77-0.88; £<.001) or with rate-control drugs (HR 0.81;
95% CI 0.76-0.87; £<.001) (Supplemental Table 10). In the analysis stratified by the
adherence to treatment in the medical therapy cohort, ablation was associated with a lower
risk of the primary end point in both adherent and nonadherent patients, but the magnitude
was greater when comparing ablation between patients who did not adhere to medical
therapy (HR 0.69; 95% CI 0.65-0.74; £< .001) and patients who adhered to medical therapy
(HR 0.90; 95% CI 0.84-0.96; £=.001) (Supplemental Table 11). When considering
multiple HF hospitalizations during follow-up, ablation was associated with a lower rate of
HF hospitalizations (incident rate ratio 0.78; 95% CI 0.67-0.92; £=.002) (Supplemental
Table 12) in trial-eligible patients. The results for HF hospitalizations blanking the first 30
days were similar (Supplemental Table 13). There were no significant relationships between
ablation and any of the falsification end points (Supplemental Table 14).

Discussion

In this large cohort of patients with AF and HF encountered in routine practice, only 1 in 13
would have been eligible for the CASTLE-AF trial. Ablation was associated with a lower
risk of HF hospitalization and all-cause mortality. However, the magnitude appears to be
more modest than that reporter in CASTLE-AF.

The small proportion of patients in practice eligible for the trial is consistent with the fact
that CASTLE-AF screened nearly 10 times as many patients as it enrolled.1” Although
clinical trials are the criteria standard for evaluating treatment effects, the external validity is
often low because of the strict eligibility criteria. However, the present study provides
reassurance tha ablation is associated with a lower risk of the CASTLE-AF primary outcome
in the majority of patients with AF and HF including those who do not have HFrEF or ICD.

In the CASTLE-AF trial, ablation reduced the primary end point by 38%—more than twice
the benefit observed in the present study (18% relative risk reduction in the trial-eligible
cohort). Some have questioned the findings of CASTLE-AF because of the small number of
patients, low event rates, unbalanced baseline characteristics, and high rates of loss to
follow-up. There have been examples in the literature that large treatment effects reported by
small trials were subsequently invalidated by larger trials.181® Unfortunately, CASTLE-AF
stands alone with few other randomized trials to increase the certainty in its findings. In such
cases, large observational studies such as this one may provide useful complementary
evidence or even more realistic estimations of treatment effects. In fact, a recent study by
this group using the same administrative database successfully replicated the results of both
the intention-to-treat and per-protocol analyses of the Catheter Ablation vs Antiarrhythmic
Drug Therapy for Atrial Fibrillation (CABANA) trial.8 However, as with all observational
studies, there is a potential for residual confounding.
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Approximately 1 in 6 patients in practice would have met at least one of the CASTLE-AF
trial exclusion criteria such as contraindication to anticoagulation, recent cardiac event or
surgery, and renal failure. Many of these patients are considered poor candidates for
ablation. In such excluded patients, ablation was not associated with a lower risk of the
composite end point of all-cause mortality and HF hospitalization and was even associated
with an increased risk of HF hospitalization.

This study does have several limitations. First, despite careful adjustment, all observational
studies are subject to unmeasured confounding. However, many of the measured
characteristics are highly correlated with unmeasured ones. For example, age, valvular heart
disease, hypertension, cardioversion, and previous AADs are associated with unmeasured
characteristics, such as left atrial diameter, AF pattern, and AF burden. Therefore, groups
that were identical on 90 baseline characteristics were unlikely to substantially differ in
other measurements. The falsification end points also provide some reassurance that there
was no evidence for substantial residual confounding. Second, administrative data are
subject to misclassification. The billing codes used in this study have been commonly used
in previous studies and demonstrated good performance in validation studies.2-26 Third,
HFrEF codes were used for the inclusion criteria LVEF < 35%. However, this would not
likely substantially affect the results, because in the subgroup analyses, the treatment effect
did not differ between patients with and without HFrEF. Fourth, unlike in a trial, not all
patients in routine practice are regularly monitored, and thus, the recurrence of AF after
ablation or drug therapy is not known. Even when monitoring is performed, it is challenging
to accurately ascertain arrhythmia outcomes such as AF recurrence or AF burden within
administrative data sets such as OptumLabs. The success of ablation in achieving rhythm
control may influence long-term hard clinical outcomes, but this cannot be assessed in the
present study. However, previous trials have demonstrated that ablation is superior to drug
therapy in maintaining sinus rhythm.27 Similarly, we do not have information on AF pattern
(paroxysmal, persistent, or long-standing persistent AF), which is known to have a
substantial impact on ablation outcomes. Last, the mean follow-up period was ~ 2 years,
shorter than observed in the CASTLE-AF trial (~ 3 years), partly because patients with HF
and AF managed in routine practice have a high mortality risk. Although the sample is large,
we note that there is considerable decrease in the rate of follow-up beyond 2 years.

Conclusion

For most patients with AF and HF, catheter ablation was associated with a lower risk of all-
cause mortality and HF hospitalization than did medical therapy alone. However, the risk
reduction was more modest than that observed in the CASTLE-AF trial. Future large
randomized controlled trials are needed to confirm the benefit of ablation in a broad
population of patients with AF and HF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.

Primary end point (composite of all-cause mortality and heart failure hospitalization) in
ablated or drug-treated patients with atrial fibrillation and heart failure, stratified by Catheter
Ablation for Atrial Fibrillation with Heart Failure (CASTLE-AF) trial eligibility criteria.
The cumulative incidence in the overall cohort (A), in patients who would be potentially
eligible for CASTLE-AF (B), in patients who failed to meet the inclusion criteria (C), and in
patients who met at least one of the trial exclusion criteria (D). Drug-treated patients are the
reference group in Cox proportional hazards regression analyses. All the curves and
numbers were generated using propensity score weighting. Cl = confidence interval.
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Drug-Treated Ablated
Subgroup N of patients/N of events/Person-Years/Event Hrazard Ratio (95% CI) P for interaction
Rate per 100 person-vears

Age 0.015
18-64 yr 52741/291/3243/8.97 3156/231/3795/6.08 0.71(0.63, 0.81)

65-74 yr 76453/405/3376/12.00  2739/337/3304/10.19 0.85 (0.76, 0.94)

275y 153172/403/2230/18.08  1570/359/2225/16.14 0.90 (0.81, 1.00)

Sex 0.017
Male 146893/660/5617/11.74  4887/527/6010/8.77 0.76 (0.70, 0.83)

Female 135473/440/3232/13.60  2578/399/3314/12.05 0.89 (0.81, 0.99)

Race 0.127
White 209513/874/7346/11.90  6049/721/7765/9.28 0.79 (0.74, 0.85)

Nonwhite 72853/225/1503/14.96  1416/206/1558/13.20 P 0.90 (0.78, 1.03)

HFrEF 0.738
Yes 107016/560/3212/17.44  3211/474/3352/14.13 0.82(0.75, 0.90)

No 175350/539/5637/9.56  4254/453/5971/7.59 0.80 (0.73, 0.88)

Cardiomyopathy 0.662
None 134114/360/3762/9.56  2842/295/4020/7.35 0.78 (0.70, 0.87)

Ischemic 25368/156/818/19.02 901/128/832/15.44 0.82 (0.69, 0.97)

Non-ischemic 122884/584/4269/13.68  3722/503/4472/11.24 0.84 (0.77, 0.91)

Prior cardioversion 0.293
No 2499596/559/4105/13.61  2919/485/4288/11.30 0.84 (0.77, 0.92)

Yes 32770/541/4744/11.4 4546/442/5035/8.78 0.79 (0.72, 0.86)

Implanted device <0.001
None 208094/700/6431/10.89  5567/526/6857/7.67 0.72 (0.66, 0.78)

ICD 37560/258/1318/19.59  1099/247/1358/18.16 ™ 0.94 (0.83, 1.06)

Pacemaker 36712/141/1100/12.80  799/154/1108/13.88 — 1.09 (0.93, 1.28)

Diabetes <0.001
No 144838/540/5506/9.81 4552/402/5915/6.79 0.71 (0.64, 0.78)

Yes 137528/559/3343/16.72  2913/525/3408/15.40 0.93 (0.85,1.01)

HTN with LVH 0.804
No 159349/434/4560/9.51 3605/369/4811/7.67 0.82 (0.74, 0.91)

Yes 123017/666/4289/15.52  3860/558/4512/12.36 0.81 (0.75, 0.88)

Prior use of amiodarone 0.433
No 238735/583/5150/11.32  4067/497/5642/8.81 0.80 (0.73, 0.87)

Yes 43631/516/3699/13.95  3398/429/3682/11.66 0.84 (0.77, 0.92)

Concurrent use of digitalis 0.136
No 221754/838/7128/11.75  6239/690/7545/9.14 0.79 (0.74, 0.85)

Yes 60612/262/1721/15.20  1226/237/1778/13.30 0.89 (0.78, 1.01)

Concurrent use of beta blockers 0.137
No 47248/31/2765/12.35 2528/276/3042/9.08 0.76 (0.67, 0.85)

Yes 235118/758/6084/12.46  4937/650/6281/10.35 0.84 (0.78, 0.91)

Number of prior AADs 0.598

Figure 2.
Subgroup analyses in the overall cohort for the primary end point (composite of all-cause

mortality and heart failure hospitalization). AAD = anti-arrhythmic drug; Cl = confidence
interval; HFrEF = heart failure with reduced left ventricular ejection fraction; HTN =
hypertension; ICD = implantabl cardioverter-defibrillator; LVH = left ventricular
hypertrophy.
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