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Aims The Catheter Ablation vs. Antiarrhythmic Drug Therapy for Atrial Fibrillation (CABANA) trial aimed to assess the
impact of ablation on morbidity and mortality. This observational study was conducted in parallel to CABANA to
assess trial generalizability.

...................................................................................................................................................................................................
Methods
and results

Using a large US administrative database, we identified 183 760 patients with atrial fibrillation (AF) treated with ab-
lation or medical therapy (antiarrhythmic or rate control drugs) between 1 August 2009 and 30 April 2016
(CABANA enrolment period). Propensity score weighting was used to balance patients treated with ablation
(N = 12 032) or medical therapy alone (N = 171 728) on 90 dimensions. Ablation was associated with a reduction
in the composite endpoint of all-cause mortality, stroke, major bleeding, and cardiac arrest [hazard ratio (HR) 0.75,
95% confidence interval (CI) 0.70–0.81; P < 0.001]. The majority of patients (73.8%) were potentially trial eligible;
among whom the risk reduction associated with ablation was greatest (HR 0.70, 95% CI 0.63–0.77; P < 0.001).
Among the 3.8% of patients who failed to meet the inclusion criterion, i.e. patients under 65 years without stroke
risk factors, the event rates were low and there was no significant relationship with ablation (HR 0.67, 95% CI
0.29–1.56; P = 0.35). Among the 22.4% patients who met at least one of the trial exclusion criteria, there was a
lesser but statistically significant reduction associated with ablation (HR 0.85, 95% CI 0.75–0.95; P = 0.01).

...................................................................................................................................................................................................
Conclusion In routine clinical care, ablation was associated with a reduction in the primary CABANA composite endpoint of

all-cause mortality, stroke, major bleeding, and cardiac arrest, particularly in patients who were eligible for the trial.
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Introduction

Among the 33 million people with atrial fibrillation (AF) worldwide,
many suffer from not only bothersome symptoms and reduced qual-
ity of life, but also a five-fold increased risk of stroke and two-fold
increased risk of death.1–4 Catheter ablation is a well-established
therapy to relieve AF-associated symptoms,5,6 but emerging evidence
suggests it may also improve cardiovascular outcomes.7–10 Currently,
fewer than 5% of AF patients undergo ablation, but definitive

evidence that catheter ablation improves major adverse cardiovascu-
lar outcomes and survival could justify extending the indication for
ablation beyond symptom control.11,12

The Catheter Ablation vs. Antiarrhythmic Drug Therapy for Atrial
Fibrillation (CABANA) trial randomized patients to ablation or med-
ical therapy to determine whether ablation decreases morbidity and
mortality in comparison to rhythm or rate control drugs.13 In order
to be powered for hard clinical endpoints, the study included patients
with at least one risk factor for stroke (<65 years, hypertension,
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diabetes, congestive heart failure, prior stroke, transient ischaemic at-
tack or systemic emboli, or vascular disease, left atrial size >5.0 cm,
or ejection fraction <_35%). Given the potential benefits, cost, and
periprocedural risks of ablation,14,15 translation of this pivotal trial to
practice will demand evidence of the trial’s generalizability.

This study, designed to assess the CABANA trial generalizability,
was conducted prior to the release of the trial results and was agnos-
tic to its findings. We assessed the proportion of patients in routine
practice who would have met trial eligibility and examined the associ-
ation between ablation and clinical outcomes, stratified by potential
trial eligibility.

Methods

Study population
This study was a retrospective cohort analysis using OptumLabs Data
Warehouse, which contains patients with private insurance or Medicare
Advantage of all ages and races throughout the US.16,17 The study popula-
tion included adult patients (>_18 years) with AF, who were treated with
ablation or medical therapy [antiarrhythmic drugs (AADs) or rate control
drugs] between 1 August 2009 and 30 April 2016, the enrolment period
of the CABANA trial (see patients selection flow diagram in
Supplementary material online, Figure S1). To identify the ablated patients,
we captured the ablation procedures with a primary diagnosis of AF. If a
patient received multiple ablations, we anchored on the date of the first
ablation, defined as the index date. Patients who received ablation before
1 August 2009 or after 30 April 2016 were excluded from the study. For
the drug-treated cohort, we identified patients who did not undergo abla-
tion at any time but received medical therapy. If patients received multiple
study drugs, we randomly selected one drug, so called ‘index medication’,
and defined the first fill date of the index medication as the index date.
Using this method, the drug-treated group contained some patients who
had received other study drugs before the index date, just as the ablation
group contained patients with prior drug exposure. Patients were
required to have at least 12 months of continuous enrolment in health in-
surance plans, defined as the baseline period, in order to capture an ad-
equate medical history. The mean baseline period was 4.4 ± 3.4 years.
The Mayo Clinic Institutional Review Board (IRB) exempted this study
from review, because the study used pre-existing, de-identified data.

Outcomes
The primary outcome was a composite endpoint of all-cause mortality,
stroke, major bleeding, and cardiac arrest, i.e. the same primary endpoint
as the CABANA trial. The secondary outcomes were each of these out-
comes considered separately. Patients were followed until the end of the
study period (31 July 2017), the end of enrolment in health insurance
plans, or death, whichever happened first. Stroke, major bleeding, and
cardiac arrest were defined as a primary diagnosis during an emergency
room visit or an inpatient stay. The codes used to define each endpoint
are detailed in Supplementary material online, Table S1. Mortality was
identified based on the Social Security Death Master File and discharge
status.

Statistical analysis
We calculated the proportion of patients who would be excluded from
the trial based on the operational definition illustrated in Supplementary
material online, Table S2. We divided patients to three subgroups: (i)
patients who would be eligible for CABANA; (ii) patients who failed to
meet the inclusion criterion, i.e. those under 65 years without any stroke

risk factors; (iii) patients who met at least one of the exclusion criteria.
A small proportion of patients both failed to meet the inclusion criterion
and met the exclusion criteria. In the stratified analyses for clinical out-
comes, such patients were classified as those who met the exclusion
criteria.

Propensity score overlap weighting was used to account for the differ-
ences in baseline characteristics between patients who underwent abla-
tion and those who were treated with medical therapy alone.
A propensity score, the probability of undergoing ablation, was estimated
using logistic regression based on socio-demographics, medical history,
concurrent medication use, previous treatment with AADs or rate con-
trol drugs, the year of the index date, and the length of baseline period
(variables in Supplementary material online, Table S3). The distribution of
propensity scores is shown in Supplementary material online, Figure S2.
The overlap weight was calculated as 1 - propensity score for the ablated
patients, and the propensity score for the drug-treated patients. This
weight is used to calculate the average treatment effect for the overlap
population. This approach minimizes the asymptotic variance of the treat-
ment effect, while also possessing a desirable exact balance property.18

The propensity score and weight were calculated separately in each of
the three subgroups (patients who were eligible for CABANA, patients
who failed to meet the inclusion criterion, and patients who met one of
the exclusion criteria) in order to ensure optimal balance in each of the
subgroups. Cox proportional hazards regression was used to compare
patients treated with ablation and medical therapy in the propensity
score-weighted cohort, with a robust sandwich estimator for variance es-
timation. The Fine and Gray method was used to consider death as a
competing risk when assessing non-fatal outcomes (i.e. stroke, bleeding,
or cardiac arrest when considered separately).19 The proportional haz-
ards assumption was tested on the basis of Schoenfeld residuals.20

Sensitivity analyses
First, we performed subgroup analyses for the primary outcome stratified
by age, sex, race, CHA2DS2-VASc, hypertension with left ventricular
hypertrophy, heart failure, cardiomyopathy, sleep apnoea, and prior
thromboembolism. Second, one-to-one propensity score matching was
used instead of propensity score weighting. Third, we conducted a strati-
fied analysis based on whether the drug-treated patients were treated
with AADs or with rate control drugs only. Fourth, we conducted a
stratified analysis based on the medication adherence in the drug-treated
patients. Fifth, we explored the impact of potential protocol deviation in
the trial on the treatment effect, assuming 30% of the medical therapy co-
hort crossed over to the ablation cohort and 10% of the ablation cohort
did not receive the procedure.13

We assessed residual confounding using two methods. First, we tested
three falsification endpoints that are unlikely to be a result of ablation but
might be related to unmeasured confounders such as frailty: chronic ob-
structive pulmonary disease, pneumonia, and fracture.21 Second, we used
the method outlined by Lin et al.22 to assess whether the observed differ-
ence could be fully explained by an unmeasured confounder.

A two-sided P-value of <0.05 was considered to indicate statistical sig-
nificance. No adjustment for multiple testing was performed. All the anal-
yses except those related to the primary outcome were considered to
be exploratory.

Results

Patient characteristics
This study identified 183 760 patients with AF treated with ablation
or medical therapy between 1 August 2009 and 30 April 2016, among
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Table 1 Baseline characteristics before and after propensity score weighting

Before PS weighting After PS Weighting

Drug treated

(N 5 171 728)

Ablation

(N 5 12 032)

Total

(N 5 183 760)

Standard

mean difference

Drug treated

(N 5 171 728)

Ablation

(N 5 12 032)

Standard

mean difference

Age (years), mean ± SD 70.7 ± 11.7 62.0 ± 10.9 70.1 ± 11.9 0.77 63.7 ± 11.9 63.7 ± 11.1 0.00

18–64 27.6% 58.4% 29.7% 0.65 50.7% 50.7% 0.00

65–74 28.1% 29.6% 28.2% 0.03 32.4% 32.4% 0.00

>_75 44.2% 12.0% 42.1% 0.77 16.9% 16.9% 0.00

Female 45.0% 31.0% 44.1% 0.29 34.5% 34.5% 0.00

Medical history

Prior AF hospitalization 55.4% 53.3% 55.3% 0.04 52.2% 52.2% 0.00

Heart failure 45.6% 32.3% 44.7% 0.27 34.5% 34.5% 0.00

Systolic heart failure 17.9% 12.4% 17.6% 0.16 13.2% 13.2% 0.00

Hypertension 89.4% 83.1% 89.0% 0.18 85.2% 85.2% 0.00

Diabetes mellitus 37.6% 24.8% 36.7% 0.28 27.5% 27.5% 0.00

Ischaemic stroke 15.8% 7.8% 15.2% 0.25 9.3% 9.3% 0.00

Myocardial infarction 23.0% 14.2% 22.4% 0.23 15.9% 15.9% 0.00

CABG 14.6% 6.9% 14.1% 0.25 8.3% 8.3% 0.00

PCI 13.8% 11.1% 13.6% 0.08 12.1% 12.1% 0.00

Left ventricular hypertrophy 34.1% 35.5% 34.2% 0.03 34.8% 34.8% 0.00

Cardiomyopathy

None 79.2% 76.3% 79.0% 0.07 76.6% 76.6% 0.00

Hypertrophic 1.3% 1.9% 1.3% 0.05 1.9% 1.9% 0.00

Ischaemic 3.3% 3.7% 3.3% 0.02 3.6% 3.6% 0.00

Dilated 16.3% 18.1% 16.4% 0.05 17.8% 17.8% 0.00

Implanted device

None 84.3% 85.5% 84.4% 0.03 83.1% 83.1% 0.00

Biventricular or CRT pacemaker 1.0% 0.9% 1.0% 0.00 1.2% 1.2% 0.00

ICD 5.4% 5.4% 5.4% 0.00 6.5% 6.5% 0.00

Dual chamber pacemaker 6.6% 5.2% 6.5% 0.06 6.4% 6.4% 0.00

Single chamber pacemaker 2.5% 1.8% 2.5% 0.05 2.1% 2.1% 0.00

ILR 0.2% 1.1% 0.3% 0.11 0.8% 0.8% 0.00

Prior valve procedure 4.7% 1.7% 4.5% 0.17 2.1% 2.1% 0.00

Mitral stenosis 3.1% 2.2% 3.1% 0.06 2.6% 2.6% 0.00

Mitral regurgitation 41.4% 50.3% 42.0% 0.18 48.4% 48.4% 0.00

Major bleeding 28.7% 23.5% 28.3% 0.12 24.4% 24.4% 0.00

Intracranial bleeding 3.1% 1.3% 3.0% 0.12 1.7% 1.7% 0.00

Stage 3–5 CKD 17.0% 7.5% 16.3% 0.29 9.1% 9.1% 0.00

Cardioversion 11.9% 46.8% 14.2% 0.83 37.9% 37.9% 0.00

Previous drug treatment

Number of previous AADs

0 84.7% 23.6% 80.7% 1.55 37.6% 37.6% 0.00

1 13.4% 49.1% 15.7% 0.84 45.8% 45.8% 0.00

2 1.7% 20.8% 2.9% 0.63 13.4% 13.4% 0.00

>_3 0.3% 6.5% 0.7% 0.35 3.2% 3.2% 0.00

Concurrent medication

Oral anticoagulant 28.2% 70.8% 31.0% 0.94 60.6% 60.6% 0.00

ACE inhibitors 26.5% 24.7% 26.4% 0.04 25.0% 25.0% 0.00

ARB 14.3% 14.7% 14.3% 0.01 14.9% 14.9% 0.00

Other calcium channel blockers 15.5% 9.7% 15.1% 0.18 10.8% 10.8% 0.00

Insulin 6.8% 3.9% 6.6% 0.13 4.5% 4.5% 0.00

CHA2DS2-VASc 4.4 ± 2.1 3.1 ± 1.9 4.3 ± 2.1 0.68 3.4 ± 1.9 3.4 ± 2.0 0.00

The CHA2DS2-VASc score is a 0- to 9-point stroke risk score where a higher point score indicates higher risk of stroke. The point score is calculated as follows: 1 point each
for heart failure, hypertension, diabetes, vascular disease, age 65–74 years, and female sex and 2 points for age 75 years or older and prior thromboembolism (including ischae-
mic stroke, transient ischaemic attack, or systemic embolism). Concurrent medication was defined as a prescription fill within 3 months prior to the index date.
AAD, antiarrhythmic drug; ACE, angiotensin-converting enzyme; AF, atrial fibrillation; ARB, angiotensin II receptor blockers; CABG, coronary artery bypass grafting; CKD,
chronic kidney disease; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter-defibrillators; ILR, implantable loop recorder; PCI, percutaneous coronary inter-
vention; PS, propensity score.

AF ablation in practice 1259
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whom 12 032 (6.5%) received ablation (Table 1). The majority of
patients (73.8%) would have been eligible for enrolment in
CABANA. Only 4.4% of patients did not meet the inclusion criteria
(3.8% if patients who met the exclusion criteria were excluded from
this group); and 22.4% of patients met at least one of the exclusion
criteria. However, in patients who underwent ablation, 42.6% of
patients would not have qualified for the trial (e.g. 8.9% of patients
failed to meet the inclusion criterion, 6.5% of patients failed more
than two AADs, 19.7% of patients failed amiodarone, and 7.3% of
patients had other arrhythmias mandating AADs; Supplementary ma-
terial online, Table S2). After propensity score weighting, patients
treated with ablation and those treated with medical therapy alone

were identical on 90 dimensions (Supplementary material online,
Tables S3–S6).

Outcomes
Patients were followed for a mean of 2.3 ± 1.7 years in the ablated
patients (median 1.9 years) and 2.1± 1.7 years in the drug-treated
patients (median 1.7 years). Ablation was associated with a reduction
in the composite outcome of all-cause mortality, stroke, major bleed-
ing, and cardiac arrest compared with medical therapy alone [4.51 vs.
6.07 events per 100 person years; hazard ratio (HR) 0.75, 95% confi-
dence interval (CI) 0.70–0.81; P < 0.001] (Table 2 and Figure 1). The
risk reduction associated with ablation was greatest in patients who

................................................... ............................................

....................................................................................................................................................................................................................

Table 2 Outcomes in overall propensity score-weighted patients (N 5 183 760)

Drug treated (N 5 171 728) Ablated (N 5 12 032) Absolute reduction

in event rate (95% CI)

Hazard ratio

(95% CI)

P-value

Number

of events

Person

years

Event rate Number

of events

Person

years

Event

rate

Composite 848 13 972 6.07 672 14 912 4.51 1.56 (1.19–1.92) 0.75 (0.70–0.81) <0.001

All-cause mortality 520 14 522 3.58 369 15 513 2.38 1.20 (0.94–1.46) 0.67 (0.61–0.74) <0.001

Ischaemic stroke 135 14 347 0.94 83 15 414 0.54 0.40 (0.27–0.53) 0.59 (0.48–0.73) <0.001

Major bleeding 286 14 133 2.02 310 15 010 2.07 -0.04 (-0.28 to 0.19) 1.05 (0.94–1.18) 0.39

Cardiac arrest 48 14 519 0.33 27 15 508 0.17 0.16 (0.08–0.23) 0.54 (0.37–0.78) 0.001

Event rate was calculated as number of events per 100 person-years.

All Pa�ents Eligible for CABANA 

Excluded from CABANAFail to Meet Inclusion for CABANA

Hazard ra�o, 0.75 (95% CI, 0.70-0.81)
P<0.001

Hazard ra�o, 0.67 (95% CI, 0.29-1.56)
P=0.35

Hazard ra�o, 0.85 (95% CI, 0.75-0.95)
P=0.01

Hazard ra�o, 0.70 (95% CI, 0.63-0.77)
P<0.001

Ablated
Drug-treated

Ablated

Drug-treated

Drug-treated

Drug-treated Ablated
Ablated

C 

A

D

B

Figure 1 Primary endpoint (composite of mortality, stroke, major bleeding, or cardiac arrest) in ablated or drug-treated patients, stratified by
CABANA trial eligibility criteria. The cumulative incidence in the overall cohort (A), in patients who would be potentially eligible for CABANA (B), in
patients who failed to meet the inclusion criterion (C), and in patients who met at least one of the CABANA exclusion criteria (D). The drug-treated
cohort was the reference group in the Cox proportional hazards regression analyses. All the curves and numbers were calculated using propensity
score weighting.
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..met CABANA eligibility criteria (3.84 vs. 5.57 events per 100 person
years; HR 0.70, 95% CI 0.63–0.77; P < 0.001; Table 3 and Take home
figure). In patients who failed to meet inclusion criteria, the overall
event rates risks were low, and there was no significant relationship
with ablation (0.58 vs. 0.89 events per 100 person years; HR 0.67,
95% CI 0.29–1.56; P = 0.35). In patients who met one of the trial crite-
ria for exclusion, the risk reduction was more modest (7.16 vs. 8.53
events per 100 person years; HR 0.85, 95% CI 0.75–0.95; P = 0.01).

The treatment effect was not statistically different between patients
who were eligible for the trial and those who failed to meet the inclu-
sion criterion but was statistically different between patients who
were eligible for the trial and those who met one of the exclusion cri-
teria (P = 0.01 for interaction).

In all the cohorts except those who met at least one of the exclu-
sion criteria, the curves continue to diverge over time so the propor-
tional hazard assumption does not hold (Figure 1), so the HRs need

....................................................................................................................................................................................................................

.............................................. ..............................................

...............................................................................................

.............................................. ..............................................

...............................................................................................

.............................................. ..............................................

Table 3 Outcomes in propensity score-weighted patients stratified by trial eligibility

Number

of events

Person

years

Event

rate

Number

of events

Person

years

Event

rate

Absolute reduction

in event rate (95% CI)

Hazard ratio

(95% CI)

P-value

Trial eligible Drug treated (N = 128 781) Ablated (N = 6907)

Composite 527 9454 5.57 388 10 105 3.84 1.73 (1.32–2.14) 0.70 (0.63–0.77) <0.001

All-cause mortality 312 9811 3.18 200 10 499 1.90 1.27 (0.98–1.56) 0.60 (0.53–0.69) <0.001

Ischaemic stroke 86 9698 0.88 50 10 436 0.48 0.40 (0.26–0.55) 0.56 (0.43–0.73) <0.001

Major bleeding 185 9558 1.94 192 10 168 1.89 0.05 (-0.22 to 0.32) 1.00 (0.87–1.16) 0.99

Cardiac arrest 30 9809 0.31 13 10 497 0.12 0.19 (0.11–0.26) 0.41 (0.24–0.69) 0.001

Failed to meet inclusion N = 6130 N = 825

Composite — — 0.89 — — 0.58 0.31 (-0.22 to 0.84) 0.67 (0.29–1.56) 0.35

All-cause mortality — — 0.37 — — 0.03 0.34 (0.19–0.50) 0.08 (0.01–0.58) 0.01

Ischaemic stroke — — 0.14 — — 0.21 -0.07 (-0.39 to 0.26) 1.53 (0.27–8.69) 0.63

Major bleeding — — 0.39 — — 0.34 0.06 (-0.33 to 0.45) 0.90 (0.30–2.73) 0.85

Cardiac arrest — — 0.04 — — 0.00 0.04 (-0.01 to 0.09) — —

Met exclusion criterion N=36 817 N=4300

Composite 314 3678 8.53 279 3896 7.16 1.37 (0.46–2.27) 0.85 (0.75–0.95) 0.01

All-cause mortality 205 3867 5.30 169 4095 4.13 1.18 (0.50–1.85) 0.78 (0.67–0.91) 0.001

Ischaemic stroke 48 3806 1.27 31 4064 0.77 0.50 (0.19–0.80) 0.62 (0.45–0.87) 0.01

Major bleeding 97 3734 2.61 115 3926 2.94 -0.33 (-0.87 to 0.22) 1.16 (0.96–1.40) 0.13

Cardiac arrest 18 3865 0.47 14 4092 0.35 0.12 (-0.08 to 0.32) 0.76 (0.45–1.30) 0.32

Event rate was calculated as number of events per 100 person-years. To maintain de-identification, OptumLabs does not allow researchers to disclose the number of events
when the number is 10 or fewer. Medicare data have similar requirements.

CABANA-eligible 

Fail to meet inclusion 
for CABANA 

Meet exclusion 
for CABANA 

N=135,688 
(73.8%) 

0.70 (0.63,0.77) 

0.67 (0.29,1.56) 

0.85 (0.75,0.95) 

N=41,117 
(22.4%) 

N=6,955 
(4.4%) 

Favor Abla�on
0.1 1

       Favor Med 

 
Hazard Ra�o (95% CI) 

Take home figure Hazard ratio for primary outcome stratified by potential trial-eligibility in the overall population (N = 183 760).
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to be interpreted as an average effect over the observed times.23,24

Because of this, we also provided the cumulative risks and HRs at dif-
ferent time points to facilitate the interpretation of the effects over
time (Supplementary material online, Table S7). The results for sec-
ondary outcomes were largely consistent with the primary outcome
except that ablation was not associated with the risk of major bleed-
ing in any of the cohorts (Tables 2 and 3).

Sensitivity analyses
All the results from the sensitivity analyses were consistent with the
main findings (Supplementary material online, Tables S8–S10). Among
trial-eligible patients, ablation was associated with a lower risk of the
primary outcome in all subgroups, but the reduction was greater in
patients under 65 years, men, patients with a low CHA2DS2-VASc
score, and patients without heart failure. Among patients with trial
exclusions, the reduction was greater in patients under 75 years,
patients with a low CHA2DS2-VASc score, and patients without prior
thromboembolism (Supplementary material online, Figures S3–S5).
The sensitivity analysis to explore the impact of protocol deviation
found that when there was crossover between treatment arms, the
risk reduction associated with ablation would be smaller (HR 0.85,
95% CI 0.79–0.92; P < 0.001; Supplementary material online, Table
S11).

The results using one-to-one propensity score matching (instead
of overlap weights) were very similar to the primary results. For the
composite endpoint, the HR was 0.70 (95% CI 0.64–0.77, P < 0.001)
for ablation vs. medical therapy in the overall cohort, 0.62 (95% CI
0.55–0.70, P < 0.001) in patients who would be eligible for CABANA,
0.55 (95% CI 0.22–1.41, P = 0.21) in patients who failed to meet inclu-
sion for CABANA, and 0.85 (95% CI 0.74–0.97, P = 0.02) in patients
who would be excluded from CABANA. There were no significant
relationships between ablation and any of the falsification endpoints
(Supplementary material online, Table S12). In a test to assess the po-
tential impact of an unmeasured confounder, we found that an un-
measured confounder could explain the association between
ablation and the primary outcome only if the confounder were
related to a substantially increased risk of the outcome (e.g. a HR >2)
and if there were substantial imbalance in its prevalence (e.g. 5% of
patients in the treatment group had this characteristic vs. 50% of
patients in the control group had; Supplementary material online,
Figure S6).

Discussion

In this large cohort of 183 760 patients with AF encountered in rou-
tine practice, three in four would have met the CABANA trial enrol-
ment criteria. Ablation was associated with a reduction in the
primary CABANA endpoint, particularly in patients who met trial eli-
gibility criteria. Our primary findings are consistent with the ‘treat-
ment-received’ and ‘per protocol’ analyses of CABANA recently
presented at Heart Rhythm Society, suggesting that patients who
undergo ablation in practice have similar outcomes, relative to medic-
al therapy, as those who underwent ablation within the trial.
However, in patients who failed to meet the inclusion criterion, i.e.
young patients without stroke risk factors, the risk was low and there
was no significant relationship with ablation. Among patients who

met at least one of the trial exclusion criteria, there was a lesser but
statistically significant reduction associated with ablation.

The 2016 ESC guidelines recommend AF ablation to improve
symptoms and quality of life, and the class of recommendations
ranges from I to IIa depending on the AF pattern and prior failure of
AADs.25 There are no indications for ablation to reduce major ad-
verse cardiovascular events or mortality. However, AF is associated
with considerable morbidity and mortality—nearly half of patients in
one Medicare study died within five years of diagnosis.26 In light of the
evidence from this and other observational studies as well as RCTs
including CASTLE-AF7–10 (and perhaps secondary analyses of
CABANA), the role of ablation in reducing morbidity and mortality
may warrant consideration for selected patients.

A major contribution of the current study is that it provides evi-
dence to guide practice regarding how to select patients most likely
to benefit from ablation in terms of cardiovascular risk reduction.
The demonstration of stronger treatment effect in trial-eligible
patients in our study suggests that the CABANA eligibility criteria
could be used as a guide to patient selection. Although most patients
with AF in practice would have qualified for CABANA, nearly half of
the patients who actually undergo ablation would not. Such patients
appear to have risk profiles towards the extremes of the disease con-
tinuum—many are young patients without stroke risk factors, while
others have previously failed amiodarone or more than two AADs,
or have other concomitant arrhythmias that would have excluded
them from CABANA. As recommended in the guidelines, ablation
may still be a reasonable strategy to relieve symptoms for many of
these patients; however, our data suggest that the expected cardio-
vascular risk reduction may be more modest. Furthermore, subgroup
analyses of the current study could also inform physicians as well as
future guideline writing committees when making recommendations
for populations not well represented in clinical trials.

In addition to the observational nature of our study, there are
other key differences with the CABANA trial. First, while all patients
in the ablation arm of our study underwent ablation (and no patients
in the drug arm did), protocol deviations are common in clinical trials,
particularly those like CABANA which are conducted over many
years and involve treatments that are already in widespread clinical
use. As such, the current study is more comparable to an ‘as-treated’
rather than the primary ‘intention-to-treat’ analysis of the trial. In a
sensitivity analysis in our study, the HR for the primary endpoint
increased from 0.70 to 0.85 when accounting for potential crossover
between treatment arms (numerically similar to the primary
CABANA ITT analysis). Second, trial participants tend to have better
adherence to other medical therapies (e.g. oral anticoagulants) than
do patients in routine practice and event rates are often lower in tri-
als than in practice. Therefore, it may be more difficult to detect fur-
ther risk reduction with ablation on top of optimal medical therapy
within a trial, compared with an observational dataset in which
guideline-directed medical therapy is under-used. Third, the distribu-
tion of patient characteristics (e.g. age and comorbidities) differ in
our cohort and the trial. Fourth, the CABANA examined ablation
outcomes in a global trial, whereas our cohort is limited to the US.
We await the full publication of the trial before assessing whether
there are important differences in outcome by region and whether
this may affect the generalizability of our study to countries outside
the US.
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..This study has several limitations. First, as an observational study, it
is subject to residual confounding even after careful adjustment.
However, the groups were identical on 90 dimensions were unlikely
to substantially differ in other aspects, since many of the measured
characteristics are highly correlated with unmeasured ones. For ex-
ample, age, valvular heart disease, hypertension, previous AADs, and
cardioversion are associated with unmeasured characteristics, such
as left atrial diameter, AF pattern, or burden. Furthermore, the test
of falsification endpoints provided some reassurance that there was
no evidence for substantial residual confounding.

Second, this study relied on administrative data to ascertain base-
line characteristics and clinical outcomes, which can be subject to
misclassification. However, it is unlikely there are any systematic as-
certainment differences between the two treatment groups, and
thus, the misclassification should be non-differential. The diagnosis
and procedure codes used in this study have demonstrated good per-
formance in validation studies with positive predictive values around
90%.27–34

Third, the non-significant relationship with ablation observed in
patients who failed to meet the CABANA inclusion criteria could be
due to the small number of patients and low event rates. In fact, the
relatively risk reduction in this group (HR 0.67) was not significantly
different from the relatively risk reduction in the trial-eligible group
(HR 0.70). However, since the absolute risk is low, the magnitude of
cardiovascular reduction with ablation is likely small in this group of
patients.

In conclusion, three in four patients with AF in routine clinical prac-
tice would qualify for the CABANA trial. Similarly to the ‘treatment-
received’ and ‘per protocol’ analyses of the CABANA trial itself, our
study demonstrated an association between ablation and a reduction
in the composite endpoint of all-cause mortality, stroke, major bleed-
ing, or cardiac arrest, compared with medical therapy alone. The risk
reduction was greatest among patients who met CABANA eligibility
criteria but was absent in lower-risk patients who failed to meet the
inclusion criterion and was more modest among those with trial
exclusions.

Supplementary material

Supplementary material is available at European Heart Journal online.
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