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IMPORTANCE Catheter ablation is effective in restoring sinus rhythm in atrial fibrillation (AF),
but its effects on long-term mortality and stroke risk are uncertain.

OBJECTIVE To determine whether catheter ablation is more effective than conventional
medical therapy for improving outcomes in AF.

DESIGN, SETTING, AND PARTICIPANTS The Catheter Ablation vs Antiarrhythmic Drug Therapy
for Atrial Fibrillation trial is an investigator-initiated, open-label, multicenter, randomized trial
involving 126 centers in 10 countries. A total of 2204 symptomatic patients with AF aged 65
years and older or younger than 65 years with 1 or more risk factors for stroke were enrolled
from November 2009 to April 2016, with follow-up through December 31, 2017.

INTERVENTIONS The catheter ablation group (n = 1108) underwent pulmonary vein isolation,
with additional ablative procedures at the discretion of site investigators. The drug therapy
group (n = 1096) received standard rhythm and/or rate control drugs guided by
contemporaneous guidelines.

MAIN OUTCOMES AND MEASURES The primary end point was a composite of death, disabling
stroke, serious bleeding, or cardiac arrest. Among 13 prespecified secondary end points, 3 are
included in this report: all-cause mortality; total mortality or cardiovascular hospitalization;
and AF recurrence.

RESULTS Of the 2204 patients randomized (median age, 68 years; 37.2% female; 42.9% had
paroxysmal AF and 57.1% had persistent AF), 89.3% completed the trial. Of the patients
assigned to catheter ablation, 1006 (90.8%) underwent the procedure. Of the patients
assigned to drug therapy, 301 (27.5%) ultimately received catheter ablation. In the
intention-to-treat analysis, over a median follow-up of 48.5 months, the primary end point
occurred in 8.0% (n = 89) of patients in the ablation group vs 9.2% (n = 101) of patients in
the drug therapy group (hazard ratio [HR], 0.86 [95% CI, 0.65-1.15]; P = .30). Among the
secondary end points, outcomes in the ablation group vs the drug therapy group,
respectively, were 5.2% vs 6.1% for all-cause mortality (HR, 0.85 [95% CI, 0.60-1.21]; P = .38),
51.7% vs 58.1% for death or cardiovascular hospitalization (HR, 0.83 [95% CI, 0.74-0.93];
P = .001), and 49.9% vs 69.5% for AF recurrence (HR, 0.52 [95% CI, 0.45-0.60]; P < .001).

CONCLUSIONS AND RELEVANCE Among patients with AF, the strategy of catheter ablation,
compared with medical therapy, did not significantly reduce the primary composite end point
of death, disabling stroke, serious bleeding, or cardiac arrest. However, the estimated
treatment effect of catheter ablation was affected by lower-than-expected event rates and
treatment crossovers, which should be considered in interpreting the results of the trial.
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A trial fibrillation (AF) is not only the most common car-
diac tachyarrhythmia, but also the most perplexing
from a clinical management perspective. Some pa-

tients with AF are symptomatic to the point of disabling dec-
rements in quality of life, while others remain asymptomatic.
In epidemiologic studies, AF also has significant adverse prog-
nostic effects and has been associated with poor outcomes in-
cluding reduced survival1-3 and an increased risk of major non-
fatal cardiac morbidities, including stroke, congestive heart
failure, and late cognitive impairment. How much this risk can
be mitigated by restoring sinus rhythm remains uncertain.

Antiarrhythmic drug therapy has been the primary treat-
ment for AF for decades, but limited effectiveness combined
with incompletely assessed risks have led to the develop-
ment of other strategies to maintain sinus rhythm. Starting in
1998, reports appeared suggesting that ablative intervention
was more effective than antiarrhythmic drug therapy in re-
ducing episodes of recurrent paroxysmal AF.4-8 Since those
early reports, the use of ablation has been extended to more
difficult and higher-risk patients9 despite the lack of large ran-
domized comparative trial evidence of improved clinical out-
comes. Recently, a small trial of ablation vs medical therapy
in symptomatic patients with AF and class II or worse systolic
heart failure provided evidence suggesting that successful ab-
lation may extend survival.10

The Catheter Ablation vs Antiarrhythmic Drug Therapy for
Atrial Fibrillation (CABANA) trial, an investigator-initiated, mul-
ticenter, prospective, randomized, open-label clinical trial
funded by the National Heart, Lung, and Blood Institute and
industry partners, was designed to test the hypothesis that ab-
lative therapy for AF is more effective than state-of-the-art drug
therapy in a broad population of symptomatic and inad-
equately treated patients with AF.11

Methods
Trial Design and Setting
Each site’s institutional review board or ethics committee ap-
proved the study. Written informed consent was obtained from
all patients. The trial protocol and statistical analysis plan are
available in Supplement 1 and trial protocol amendments in
Supplement 2. Details of the trial design have also been pre-
viously published.11 Race and ethnicity were classified by the
patient and investigators as required by the National Insti-
tutes of Health (NIH) using NIH-specified categories.

Eligible patients were aged 65 years and older or younger
than 65 years with 1 or more risk factors for stroke (hyperten-
sion, heart failure, history of stroke, diabetes, or other heart
problems), had 2 or more episodes of paroxysmal AF or 1 epi-
sode of persistent AF in the prior 6 months, and were suitable
for catheter-based treatment or rhythm and/or rate control
drug therapy. Patients were excluded if they had a prior left
atrial catheter ablation for AF or had failed 2 or more antiar-
rhythmic drugs. Full eligibility criteria are listed in eTable 1 in
Supplement 3. Eligible patients were randomized in equal pro-
portions to either catheter ablation or drug therapy using per-
muted block randomization with stratification by clinical site.

The block size (concealed from investigators) was randomly
selected with equal probability between 2 and 4. Random-
ization was accomplished using a centralized, interactive
voice response and web-based randomization system (IXRS;
Almac). By protocol, ablation procedures all included pulmo-
nary vein isolation. The addition of ancillary ablation tech-
niques, including linear, ganglion plexus, and electrogram-
based approaches, were left to the discretion of the
investigators.4,12 Physicians performing ablations were re-
quired to have a 100-case experience to participate in the trial.
It was recommended that patients randomized to medical
therapy receive rate control medications first. If the patient had
previously failed rate control therapy, then rhythm control drug
therapy could be initiated in an approach consistent with con-
temporaneous guidelines.

All patients were to receive anticoagulation based on con-
temporaneous guidelines.13,14 Patients who received a cath-
eter ablation were treated with anticoagulation for at least 3
months after the ablation, with a recommendation that this
be continued throughout the trial in patients with CHA2DS2-
VASc (congestive heart failure, hypertension, age ≥75 years
[doubled], diabetes, stroke/transient ischemic attack/
thromboembolism [doubled], vascular disease [prior myocar-
dial infarction, peripheral artery disease, or aortic plaque], age
65-75 years, sex category [female]) scores of 2 or more, fol-
lowing recommendations of the American Heart Association/
American College of Cardiology/European Society of Cardiol-
ogy guidelines13 and guidelines from the ablation consensus
documents.12,15,16 Details of medical treatments used in the trial
are provided in the trial design paper.11

The trial originally planned to enroll 3000 patients who
would be followed up for approximately 3 years with a pri-
mary end point of all-cause mortality.11 Based on information
available during the design phase of the trial, the mortality rate
in the drug group was projected to be approximately 12% af-
ter 3 years of follow-up.11 We hypothesized that there would
be a 30% relative risk reduction in patients treated with abla-
tion based on synthesis of information from multiple pub-
lished sources, as described in the trial design paper.11

Due to slow enrollment and lower than expected aggre-
gated event rates, the data and safety monitoring board, after
completing a scheduled review of trial progress in early 2013,
recommended modifying the trial design. In response, the

Key Points
Question Among patients with atrial fibrillation, what is the effect
of catheter ablation, compared with medical therapy, on
cardiovascular events and mortality?

Findings In this randomized clinical trial involving 2204 patients
with atrial fibrillation, catheter ablation, compared with medical
therapy, did not significantly reduce the primary composite end
point of death, disabling stroke, serious bleeding, or cardiac arrest
(8.0% vs 9.2%, respectively; hazard ratio, 0.86).

Meaning Among patients with atrial fibrillation, catheter ablation,
compared with medical therapy, did not significantly reduce the
primary composite outcome.
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study leadership, blinded to treatment-specific outcomes,
modified the design in February 2013 by (1) elevating the key
secondary end point (composite of death, disabling stroke,
serious bleeding, or cardiac arrest) to the primary end point,
(2) changing all-cause mortality to the key secondary end
point, and (3) extending study follow-up to an average of 4
years or longer, all of which supported a reduction in the
sample size to 2200 patients. The new primary end point
event rate was expected to be equal to or greater than the
originally anticipated mortality rate, and the effect of abla-
tion was again assumed to be a 30% relative reduction. These
projections assumed up to 25% treatment crossover from
drug therapy to ablation while maintaining the desired 90%
level of statistical power.11

Scheduled patient follow-up occurred at 3, 6, and 12
months and then every 6 months thereafter. All events for each
component of the primary end point were reviewed and ad-
judicated in a blinded fashion by an independent clinical events
committee using prospectively determined event defini-
tions. Death was defined as all-cause mortality, disabling stroke
(including intracranial bleeding) as an irreversible physical limi-
tation defined by a Rankin Stroke Scale score of 2 or greater,
and serious bleeding as bleeding accompanied by hemody-
namic compromise requiring surgical intervention or a trans-
fusion of 3 or more units of blood.

Three of 13 prespecified secondary end points of the trial
are reported in this article: overall mortality, overall mortal-
ity or cardiovascular (CV) hospitalization, and AF recurrence
(based on the subset of patients with the CABANA electrocar-
diogram [ECG] event recording system). The reason for hos-
pitalization was characterized by the site principal investiga-
tor and reported on the hospitalization case report form. To
determine AF recurrence rates, patients were provided with
an ECG event recorder for chronicling symptomatic events; for
24-hour autodetect, full-disclosure, real-time recordings on a
quarterly basis; and to obtain 96-hour Holter recordings ev-
ery 6 months regardless of symptoms. Monitoring algo-
rithms provided beat-to-beat morphologic analyses as well as
rate and rhythm information. In countries that prohibited the
use of the trial event recording system for regulatory reasons,
largely equivalent, standard ECG event recording systems were
used. Over the course of follow-up, a 30-second episode of AF
in either treatment group, confirmed through blinded review
by an ECG Core Laboratory Committee, was used to define the
end point of recurrent AF.

In the analysis of long-term AF recurrence, a conven-
tional 3-month blanking period from therapy initiation was
used in both treatment groups during which arrhythmia re-
currences were not counted toward the recurrent AF end point.
A repeat ablation for recurrent AF could be performed during
this time if necessary. Similarly, patients randomized to drug
therapy were allowed serial drug trials during the blanking pe-
riod to find an effective, best-tolerated regimen. All other end
points, including adverse events, were chronicled from the time
of randomization.

Quality-of-life outcomes are reported in a companion
article.17 Other secondary end points (eTable 2 in Supple-
ment 3) will be reported in future publications.

Statistical Methods
Prespecified Primary, Secondary, and Subgroup Analyses
by Intention to Treat
The primary treatment comparisons between the randomized
groups were performed according to the intention-to-treat (ITT)
principle based on a time-to-first-event analysis using the log-
rank test.18 Kaplan-Meier cumulative event rates19 were calcu-
lated for each group, with event or censoring times measured
from the time of randomization. Relative risks were expressed
as hazard ratios [HRs] with associated 95% CIs derived using the
Cox proportional hazards model.20 The proportional hazards as-
sumption of the model was checked by examining a treatment
by (log) time interaction term and by assessing Schoenfeld
residuals,21 as detailed in eAppendix 1 in Supplement 3. The Cox
model was also used to assess the consistency of treatment ef-
fects by testing for interactions between treatment strategy and
prespecified baseline characteristics. Recurrent atrial arrhyth-
mia incidence rates were calculated from the end of the blank-
ing period by ITT, and adjusted statistical comparisons were per-
formed with mortality as a competing risk.22

Two-sided significance testing was used with a conven-
tional significance level of .05, unless otherwise specified.
There was no adjustment for multiple comparisons among
the secondary end points (eAppendix 1 in Supplement 3).

For patients who withdrew consent or were lost to
follow-up during the study, all information collected to the
point of consent withdrawal or final contact was analyzed. For
patients who did not complete the study and did not experi-
ence an outcome event, their time-to-event measure was cen-
sored at the last contact date. Imputation of outcome events
was not performed.

Prespecified Sensitivity Analyses
“Treatment received” comparisons were performed using the
Cox model with catheter ablation included as a time-
dependent covariate. “Per-protocol” comparisons were per-
formed in which the drug group consisted of all patients ran-
domized to drug therapy, with the follow-up of patients who
received drug therapy and crossed over to catheter ablation
censored at the time of ablation. The per-protocol catheter
ablation group included patients randomized to catheter
ablation who received an ablation within the 6-month time
window following randomization. As prespecified, a shorter
window (3 months) and a longer window (12 months) were
also considered. The prespecified treatment received and
per-protocol treatment comparisons were adjusted for a pre-
specified set of baseline patient characteristics (age, sex,
race/ethnicity, AF type, years since onset of AF, history of
heart failure, structural heart disease, CHA2DS2-VASc score,
history of coronary artery disease, and hypertension). Addi-
tional details on these analyses are provided in eAppendix 1
in Supplement 3.

Post Hoc Sensitivity Analysis
To evaluate the possibility that treatment effect varied
among the 126 enrolling sites, we performed a post hoc ITT
mixed-model analysis of the primary end point comparison
adjusted for enrolling site as a random effect.
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Trial Monitoring
An independent data and safety monitoring board appointed
by the National Heart, Lung, and Blood Institute performed in-
terim reviews of the study at regular intervals during the trial.
One formal interim treatment comparison of primary end point
data was performed and monitored with the use of 2-sided,
symmetric O’Brien-Fleming23 boundaries generated with the
Lan-DeMets α-spending function approach to group sequen-
tial testing.24 A significance level of .049 was required for the
primary end point at the final analysis to adjust for the in-
terim analysis.

All analyses were performed using SAS software version
9.4 or later versions (SAS Institute).

Results
Study Population
Between November 2009 and April 2016, 2204 patients from
126 sites across 10 countries were randomly assigned to re-
ceive catheter ablation (1108 patients) or drug therapy (1096
patients) (Figure 1). Follow-up continued through December
31, 2017, for a median duration of 48.5 months (25th percen-
tile: 29.9 months, 75th percentile: 62.1 months).

Characteristics at Baseline
The 2 treatment groups showed the balance in baseline fac-
tors expected from randomization (Table 1). The patients ran-
domized to catheter ablation had a median age of 68 years,
37.3% were women, and 10.2% belonged to racial or ethnic
minorities. The patients randomized to drug therapy had
a median age of 67 years, 37.0% were women, and 10.2%
belonged to racial or ethnic minorities. Paroxysmal AF was
present in 42.4% of patients in the catheter ablation group
and 43.5% in the drug therapy group, with the remainder
having persistent or long-standing persistent AF (Table 1).
The study population had a substantial burden of CV risk fac-
tors (Table 1): 80.6% with hypertension, 25.5% with diabetes,
19.2% with coronary artery disease, 10.0% with a prior stroke
or transient ischemic attack, 15.3% with history of congestive
heart failure, and 56.5% with a CHA2DS2-VASc score greater
than 2 (median, 3).

Treatments
Among the 1108 patients randomly assigned to the catheter ab-
lation group, 1006 (90.8%) underwent ablation at a median of
29 days following randomization, and 102 patients did not re-
ceive ablation due to patient or family refusal (82.4%) or phy-
sician decision (13.7%) (see eTable 3 in Supplement 3 for a com-
parison of patients who did vs did not undergo ablation).
Among the catheter ablation patients, 25 underwent repeat ab-
lation during the blanking period, with 190 patients undergo-
ing at least 1 repeat ablation during the postblanking period,
for a total of 215 patients (19.4%) with repeat procedures
(Figure 1). Among the catheter ablation patients, 44.6% also
received antiarrhythmic drugs at some point during the
postblanking period (eTable 4 in Supplement 3), but only 26.5%
of the catheter ablation patients were still taking an antiar-
rhythmic drug at last follow-up.

Among the 1096 patients assigned to the drug therapy
group, 1092 (99.6%) received drug therapy, with 545 receiv-
ing 1 antiarrhythmic drug, 296 receiving 2, 106 receiving 3, and
22 receiving 4 or more different antiarrhythmic drugs over the
course of the trial (eTable 4 in Supplement 3). Most patients
(n = 969 [88.4%]) in the drug therapy group received rhythm
control drugs during the trial. A total of 301 drug therapy pa-
tients (27.5%) crossed over to catheter ablation during the
follow-up period (Figure 1). A comparison of these patients and
other patients exclusively treated with drugs is provided in
eTable 5 in Supplement 3.

ITT (As Randomized) Treatment Comparisons
A primary outcome event occurred in 89 patients (8.0%) in the
catheter ablation group and in 101 patients (9.2%) in the drug
therapy group (HR for ablation vs drug therapy, 0.86 [95% CI,
0.65-1.15]; log-rank P = .30) (Table 2 and Figure 2). Four-year
Kaplan-Meier event rates were 7.2% for catheter ablation and
8.9% for drug therapy patients (absolute difference, 1.7%;
Table 2). For the key secondary end point of all-cause mortal-
ity, a total of 58 patients (5.2%) in the catheter ablation group
and 67 patients (6.1%) in the drug therapy group died during
follow-up (HR, 0.85 [95% CI, 0.60-1.21]; log-rank P = .38)
(Table 2 and Figure 3A). Four-year mortality rates were 4.7%

Figure 1. Randomization and Patient Flow in the CABANA Trial

2204 Randomizeda

1108 Randomized to catheter ablation

215 Received repeat ablation(s)b

1006 Received catheter ablation
102 Did not receive catheter

ablation
84 Patient or family

refusal
14 Physician discretion
4 Insurance issues

1096 Randomized to drug therapy

301 Received catheter ablation

1092 Received drug therapy
853 Received rhythm and

rate control
123 Received rate control

only
116 Received rhythm

control only
4 Did not receive drug

therapy
3 Withdrew consent
1 Physician decided not

to prescribe

1108 Included in the primary analysisc 1096 Included in the primary analysisc

1002 Completed the study
79 Withdrew consent <3 y
27 Lost to follow-up

966 Completed the study
112 Withdrew consent <3 y
18 Lost to follow-up

a Sites were not required to provide screening logs during the recruitment
phase; thus, the number of patients assessed for eligibility is not available.

b Twenty five patients underwent repeat catheter ablation during the blanking
period; 190 patients had at least 1 repeat catheter ablation during the
postblanking period for a total of 215.

c Outcomes of patients who did not complete the study (ie, withdrew consent
or were lost to follow-up) were included to the point of consent withdrawal or
final contact. Primary and key secondary end points were analyzed using
time-to-event methodology; thus, all available follow-up information was
used. For patients who did not complete the study and did not experience an
outcome event, their time-to-event measure was censored at the last contact
date. There was no imputation of outcome events. At the end of the trial, a
publicly available death registry search was performed for patients enrolled in
North America who were lost or withdrew from the trial.
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Table 1. Baseline Demographics and Clinical Characteristics

Baseline Characteristic

No. (%)

Catheter Ablation (n = 1108) Drug Therapy (n = 1096)

Patients

Age, median (Q1, Q3), y 68 (62, 72) 67 (62, 72)

<65 375 (33.8) 391 (35.7)

65-<75 577 (52.1) 553 (50.5)

≥75 156 (14.1) 152 (13.9)

Sex

Male 695 (62.7) 690 (63.0)

Female 413 (37.3) 406 (37.0)

Racea

White 1018 (92.0) 1007 (92.1)

Black or African American 39 (3.5) 38 (3.5)

Otherb 50 (4.5) 48 (4.4)

Ethnicity

Hispanic or Latino 30 (2.7) 32 (2.9)

Not Hispanic or Latino 1074 (97.3) 1062 (97.1)

Body mass index,
median (Q1, Q3)c

30 (27, 34) 30 (26, 35)

AF severity (CCS class)d

0 (Least severe) 105 (9.5) 118 (10.8)

1 166 (15.1) 173 (15.9)

2 350 (31.8) 353 (32.4)

3 401 (36.5) 382 (35.0)

4 (Most severe) 78 (7.1) 65 (6.0)

Heart function severity
(NYHA class)e

I (Least severe) 153 (13.9) 126 (11.6)

II/III (Most severe) 376 (34.3) 400 (36.7)

Medical history

Hypertension or LVH 924 (83.4) 927 (84.7)

Hypertension 876 (79.1) 900 (82.2)

LVH 334 (38.7) 328 (42.1)

Diabetes 280 (25.3) 281 (25.7)

Sleep apnea 262 (23.6) 246 (22.5)

Coronary artery disease 208 (18.8) 216 (19.7)

Heart failure 174 (15.7) 163 (14.9)

Family history of AF 130 (11.8) 122 (11.2)

Prior CVA or TIA 117 (10.6) 103 (9.4)

Prior CVA 68 (6.1) 58 (5.3)

Thromboembolic events 41 (3.7) 49 (4.5)

Ejection fraction ≤35% 38/790 (4.8) 31/740 (4.2)

Comorbidities

CHA2DS2-VAScf

Median (Q1, Q3) 3.0 (2.0, 4.0) 3.0 (2.0, 4.0)

0-1 (Lowest risk) 208 (18.8) 187 (17.1)

2 273 (24.6) 291 (26.6)

3 308 (27.8) 329 (30.0)

4 178 (16.1) 151 (13.8)

≥5 (Highest risk) 141 (12.7) 138 (12.6)

(continued)
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Table 1. Baseline Demographics and Clinical Characteristics (continued)

Baseline Characteristic

No. (%)

Catheter Ablation (n = 1108) Drug Therapy (n = 1096)

Arrhythmia History

Time since onset of AF, y

Median (Q1, Q3) 1.1 (0.3, 4.1) 1.1 (0.3, 3.7)

Type of AF at enrollmentg

Persistent 524 (47.3) 518 (47.3)

Paroxysmal 470 (42.4) 476 (43.5)

Long-standing persistent 114 (10.3) 101 (9.2)

Prior hospitalization for AF 449 (40.6) 425 (38.8)

Prior direct cardioversion 398 (36.0) 411 (37.5)

History of atrial flutter 140 (12.9) 158 (14.6)

Prior ablation for atrial flutter 48 (4.3) 60 (5.5)

Rhythm control therapyh

1 Rhythm control drug 398 (81.6) 452 (82.2)

≥2 Rhythm control drugs 90 (18.4) 98 (17.8)

Abbreviations: AF, atrial fibrillation; CCS, Canadian Cardiovascular Society; CHA2DS2-VASc, congestive heart failure,
hypertension, age �75 years (doubled), diabetes, stroke/transient ischemic attack/thromboembolism (doubled), vascular
disease (prior myocardial infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex category (female);
CVA, cerebral vascular accident; LVH, left ventricular hypertrophy; NYHA, New York Heart Association; Q1, Q3, quartiles
(25th and 75th percentiles); TIA, transient ischemic attack.
a Race was determined by the site investigator in conjunction with the patient based on predefined categories as required

by the National Institutes of Health (NIH) using NIH-specified categories.
b Asian, American Indian/Alaskan Native, Hawaiian, or other Pacific Islander and multiracial.
c Calculated as weight in kilograms divided by height in meters squared.
d On a scale of 0 to 4, with 0 indicating the least severe and 4, the most severe symptoms of AF.
e On a scale of I to IV, with I indicating the least severe and IV, the most severe symptoms of heart failure.
f On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the highest risk of stroke.
g Persistent = AF episode sustained for �7 days or cardioversion is performed more than 48 hours after AF onset.

Paroxysmal = AF episodes lasting �1 hour in duration that terminate spontaneously within 7 days or cardioversion is
performed within 48 hours of AF onset. Long-standing persistent = continuous AF of >1 year duration.

h Current or past use of rhythm control therapy reported at the time of enrollment.

Table 2. Primary and Secondary Outcomes by Intention-to-Treat Analysis

Events, No. (%) Kaplan-Meier 4-Year Event Rate, %

Hazard Ratio
(95% CI)a P Value

Catheter Ablation
Group (n = 1108)

Drug Therapy
Group
(n = 1096)

Catheter Ablation
Group (n = 1108)

Drug Therapy
Group
(n = 1096) Absolute Reduction

Primary end point
(death, disabling stroke,
serious bleeding, or
cardiac arrest)b

89 (8.0) 101 (9.2) 7.2 8.9 1.7 0.86
(0.65-1.15)c

.30

Components of primary
end point

Death 58 (5.2) 67 (6.1) 4.7 5.3 0.6 0.85
(0.60-1.21)

.38

Disabling stroke 3 (0.3) 7 (0.6) 0.1 0.7 0.6 0.42
(0.11-1.62)

.19

Serious bleeding 36 (3.2) 36 (3.3) 3.0 3.7 0.7 0.98
(0.62-1.56)

.93

Cardiac arrest 7 (0.6) 11 (1.0) 0.7 1.1 0.4 0.62
(0.24-1.61)

.33

Secondary end point

Death or cardiovascular
hospitalization

573 (51.7) 637 (58.1) 54.9 62.7 7.8 0.83
(0.74-0.93)

.001

a Hazard ratio for comparing catheter ablation group vs drug therapy group.
b Patients who experienced more than 1 of the component events are counted

only once for the primary end point comparison based on the time until the
first event. The numbers listed for the individual component events sum to

more than the number of patients with a primary event because some patients
experienced more than 1 of the component events.

c The hazard ratios and 95% CIs are based on 2 995 989 patient-days of
follow-up.
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for catheter ablation and 5.3% for drug therapy patients (ab-
solute difference, 0.6%; Table 2). The composite secondary end
point of death from any cause or CV hospitalization occurred
in 573 patients (51.7%) in the catheter ablation group and 637
patients (58.1%) in the drug therapy group (HR, 0.83 [95% CI,
0.74-0.93]; log-rank P = .001), with 4-year rates of 54.9% for
catheter ablation and 62.7% for drug therapy patients (abso-
lute difference, 7.8%; Table 2 and Figure 3B). Details regard-
ing the causes of CV hospitalizations are provided in eTable 6
in Supplement 3.

Adjustment for site as a random effect (post hoc analysis)
did not change the estimated treatment effect (HR, 0.86 [95%
CI, 0.64-1.15]; Wald test P = .29).

Subgroup Analysis
Examination of prespecified subgroups based on clinical and
demographic characteristics did not identify relative varia-
tions in the treatment effect of ablation large enough to be clini-
cally significant while also possessing sufficient precision to
exclude the null effect (ie, HR, 1) (Figure 4).

Treatment Received Analyses
In the prespecified treatment received analyses, the HR for
catheter ablation vs drug therapy with respect to the pri-
mary end point was 0.67 (95% CI, 0.50-0.89; P = .006). For
all-cause mortality, the corresponding HR was 0.60 (95% CI,
0.42-0.86; P = .005) and for death or CV hospitalization, the
HR was 0.83 (95% CI, 0.74-0.94; P = .002). No deaths
occurred in the first 30 days after initiation of drug therapy
or catheter ablation. One disabling stroke occurred in the
drug therapy group within the first 30 days of treatment
(eTable 7 in Supplement 3).

Per-Protocol Treatment Comparisons
In per-protocol treatment comparisons, patients randomized
to catheter ablation who received ablation within a desig-
nated window following randomization were compared with
patients randomized to the drug therapy group. For the
6-month protocol window, the HR for catheter ablation vs drug
therapy for the primary end point was 0.74 (95% CI, 0.54-
1.01) (Figure 5A). For the 12-month per-protocol window, the
corresponding HR was 0.73 (95% CI, 0.54-0.99) (Figure 5B).
The per-protocol HRs for the key secondary end point of all-
cause mortality were 0.69 (95% CI, 0.47-1.01) and 0.68 (95%
CI, 0.47-0.99) for the 6-month and 12-month definitions of a
protocol ablation procedure, respectively (eFigure 1 and
eTable 8 in Supplement 3). The subgroup assessment for the
primary end point by per-protocol analysis is shown in eFig-
ure 2 in Supplement 3.

AF Recurrence
In 1240 patients using the study ECG event recording system,
the secondary end point of postblanking AF (time to first re-
currence) analyzed by ITT with death as a competing risk was
reduced by 48% with catheter ablation compared with drug
therapy (adjusted HR, 0.52 [95% CI, 0.45-0.60]; P < .001)
(Figure 6). The adjusted HR for the postblanking incidence of
either AF, atrial flutter, or atrial tachycardia was 0.53 (95% CI,

0.46-0.62; P < .001) (eFigure 3 in Supplement 3). Fifty seven
percent of patients had persistent or long-standing persistent
AF at the beginning of the trial, which was reduced to 26% in
drug therapy and 16% in catheter ablation patients at trial
completion. The benefits of catheter ablation on recurrent AF
were consistent across prespecified subgroups (eFigure 4 in
Supplement 3).

Adverse Events
Non–end point adverse events are enumerated in eTables 9 and
10 in Supplement 3. The most common serious adverse event
in the catheter ablation group was cardiac tamponade (0.8%).
Other adverse events in the catheter ablation group included
minor hematomas (2.3%) and pseudoaneurysms (1.1%). In the
drug therapy group, thyroid disorders were reported in 1.6%
and proarrhythmia in 0.8% of patients.

Discussion
Among patients with AF, catheter ablation, compared with
medical therapy, did not significantly reduce the primary com-
posite outcome. Relative to medical management, random-
ization to a strategy of AF ablation in this trial was associated
with a 14% relative reduction in the primary composite end
point, with a 95% CI for the effect that extended from a 35%
lower to a 15% higher risk for catheter ablation. Because the
confidence interval for the primary effect estimate lacks the
precision to exclude a null effect (HR, 1.0), the trial primary
ITT statistical comparison is inconclusive.25 The 4-year Kaplan-
Meier event rates for the primary end point were 7.2% for cath-
eter ablation and 8.9% for drug therapy, with an absolute treat-
ment difference of 1.7% (HR, 0.86 [95% CI, 0.65-1.15]).

Figure 2. Kaplan-Meier Estimates of the Incidence
of the Primary End Point
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Kaplan-Meier estimates of the cumulative risk of death, disabling stroke, serious
bleeding, or cardiac arrest (primary end point by intention-to-treat analysis).
The median (25th, 75th percentile) length of patient follow-up was 4.1 years
(2.5, 5.1) in the catheter ablation group and 4.0 years (2.5, 5.2) in the drug
therapy group.
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In addition to the primary outcome results, this article
describes results for 3 of 13 prespecified secondary end
point comparisons. Quality-of-life outcomes are reported
separately.17 For the secondary end point of all-cause mor-
tality, catheter ablation, compared with drug therapy, in the
ITT analysis had an HR of 0.85 (95% CI, 0.60-1.21). The
4-year Kaplan-Meier mortality rates were 4.7% for the cath-
eter ablation group and 5.3% for the drug therapy group.
The secondary end point of mortality or CV hospitalization
showed a significant 17% relative lower event rate for the
catheter ablation group. There were no differences in seri-
ous bleeding between treatment groups, and disabling
strokes were infrequent, although directionally favoring the
catheter ablation group, as seen in other studies.10 The
small number of strokes may be due to background therapy
or a high level of adherence to ongoing anticoagulation
(eTable 11 in Supplement 3).

The trial was originally projected to be able to detect a
30% mortality reduction with catheter ablation, assuming
a 4% per year drug therapy mortality rate (approximately 12%
at 3 years), based on previous AF trial data.11 Lower precision
of the effect size estimate and an inconclusive statistical
result for the primary end point by ITT is a predictable conse-
quence of the lower-than-expected drug therapy group mor-
tality rates (4.1% at 3 years).

Treatment Assignment Sensitivity Analyses
ITT-based analyses preserve the benefit of randomization in
protecting from treatment selection biases, but the results
may be seriously biased by postrandomization crossovers
and deviations from protocol-specified care.26 For example,
a catheter ablation patient who does not get an ablation
remains assigned to the ablation arm in an ITT analysis, but
cannot provide any information about the prognostic ben-
efits of ablation. No completely satisfactory solution exists

for such complexities. Useful insights can be obtained by
examining ITT analysis results in combination with sensitiv-
ity analyses on the ITT estimates using the treatment actu-
ally received and also by comparing treatment outcomes of
the patient groups who followed the treatment-assignment
protocol. In this trial, the smaller ITT relative treatment
effect size (15% reduction in mortality rather than the 30%
predicted) may be at least partially due to postrandomiza-
tion biases created by patients crossing over from their
assigned treatment group (9.2% of catheter ablation
patients declined their assigned procedure and 27.5% of
drug therapy patients crossed over to ablation) (Figure 1).
The treatment received and per-protocol analyses resulted
in HR estimates ranging from 0.60 to 0.69, respectively, for
catheter ablation, compared with drug therapy, with respect
to mortality and HRs ranging from 0.67 to 0.74, respec-
tively, for the primary end point. The treatment received
and per-protocol analyses potentially mitigate different
forms of bias present in the ITT estimate of the treatment
effect size but may add biases if compliance with treatment
assignment is correlated with outcome independent of
treatment effects.26

Decisions about use of catheter ablation in individual
patients need to consider both relative and absolute treat-
ment differences as well as procedural risks. Given the 4-year
Kaplan-Meier event rates, for many patients meeting the eli-
gibility criteria of this trial, expected treatment differences
on an absolute scale will likely not be of sufficient magnitude
to support a recommendation for catheter ablation on that
basis alone.

Prior Randomized and Observational Comparisons
of Catheter Ablation and Drug Therapy
The improvement in mortality or CV hospitalization out-
comes, a secondary end point in CABANA, complements

Figure 3. Kaplan-Meier Estimates of All-Cause Mortality and Mortality or Cardiovascular Hospitalization by Intention-to-Treat Analysis
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A, The median (25th, 75th percentiles) length of patient follow-up was 4.1 years
(2.5, 5.1) in the catheter ablation group and 4.0 years (2.5, 5.2) in the drug
therapy group. B, The median (25th, 75th percentiles) length of patient

follow-up was 4.1 years (2.5, 5.1) in the catheter ablation group and 4.0 years
(2.5, 5.2) in the drug therapy group.
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prior reports from the CASTLE-AF trial,10 as well as
observational3 and randomized27,28 studies and a recent
large, multiyear registry.29 A recent analysis of a US admin-
istrative database with 186 760 patients with AF treated
with either ablation or drug therapy during the same years
CABANA was conducted found a robust 25% relative reduc-

tion in the same composite end point used for this trial.30

These results are concordant with the results of treatment
assignment sensitivity analyses in this trial showing that
ablation was associated with improved primary end point
and mortality outcomes, providing that the ablation group
patients actually received ablative therapy.

Figure 4. Primary End Point Subgroup Analysis (Intention to Treat)

Interaction
P Value

Favors
Catheter Ablation

Favors
Drug Therapy

0.2 41
Hazard Ratio (95% CI)

No. of Events/Patients (Person-Years)

Catheter Ablation Drug TherapySource
Age, y

Hazard Ratio
(95% CI)

14/375 (1483) 27/391 (1498)<65 0.52 (0.27-1.00)
50/577 (2159) 56/553 (2019)≥65 and <75 0.84 (0.57-1.23)

Sex
54/695 (2670) 71/690 (2591)Male 0.74 (0.52-1.06)
35/413 (1485) 30/406 (1456)Female 1.14 (0.70-1.86)

Time since onset of atrial fibrillation, y
50/540 (1922) 58/523 (1835)≤1 0.83 (0.57-1.21)
39/560 (2207) 42/562 (2177)>1 0.92 (0.59-1.42)

Baseline NYHA classc

55/719 (2735) 52/689 (2657)No heart failure or class I 1.04 (0.71-1.52)
34/378 (1396) 49/400 (1372)≥ Class II 0.68 (0.44-1.05)

History of congestive heart failure
68/934 (3506) 72/931 (3500)No 0.95 (0.68-1.32)
21/174 (650) 29/163 (547)Yes 0.61 (0.35-1.08)

Hypertension
15/232 (857) 14/195 (761)Absent 0.97 (0.47-2.01)
74/876 (3298) 87/900 (3287)Present 0.85 (0.62-1.15)

Hypertension with LVH
53/632 (2391) 51/544 (2022)Absent 0.89 (0.61-1.31)
22/286 (1126) 27/301 (1152)Present 0.83 (0.47-1.46)

Sleep apnea
65/846 (3129) 69/849 (3106)Absent 0.94 (0.67-1.32)
24/262 (1027) 32/246 (941)Present 0.69 (0.41-1.17)

Body mass indexe

42/541 (2012) 53/523 (1886)<30 (Not obese) 0.74 (0.49-1.11)
45/545 (2088) 48/561 (2122)≥30 (Obese) 0.96 (0.64-1.44)

89/1108 (4155) 101/1096 (4047)All patients 0.86 (0.65-1.15)

CHA2DS2-VASc scored

26/481 (1861) 28/478 (1859)≤2 (Less risk) 0.93 (0.54-1.58)
63/627 (2295) 73/618 (2188)>2 (More risk) 0.83 (0.59-1.16)

Minority status
80/995 (3721) 82/984 (3654)White 0.96 (0.71-1.31)

9/113 (434) 19/112 (393)Minoritya 0.43 (0.20-0.95)

25/156 (514) 18/152 (529)≥75 1.46 (0.80-2.67)

Atrial fibrillation typeb

31/470 (1756) 38/476 (1761)Paroxysmal 0.82 (0.51-1.31)
49/524 (1922) 55/518 (1860)Persistent 0.87 (0.59-1.28)

9/114 (477) 8/101 (426)Long-standing persistent 1.01 (0.39-2.61)

.07

.16

.07

.93

.72

.15

.20

.73

.84

.72

.34

.38

The squares represent the hazard ratios and the bars indicate the 95% CIs.
AF indicates atrial fibrillation; CHA2DS2-VASc, congestive heart failure,
hypertension, age �75 years (doubled), diabetes, stroke/transient ischemic
attack/thromboembolism (doubled), vascular disease (prior myocardial
infarction, peripheral artery disease, or aortic plaque), age 65-75 years, sex
category (female); LVH, left ventricular hypertrophy; NYHA, New York Heart
Association.
a Minority = Hispanic or Latino or nonwhite race. Minority status was

determined by the site investigator in conjunction with the patient based on
predefined categories as required by the National Institutes of Health (NIH)
using NIH-specified categories.

b Paroxysmal = AF episodes lasting �1 hour in duration that terminate
spontaneously within 7 days or cardioversion is performed within 48 hours of
AF onset. Persistent = AF episode sustained for �7 days or cardioversion is
performed more than 48 hours after AF onset. Long-standing persistent =
continuous AF >1 year in duration.

c On a scale of I to IV, with I indicating the least severe and IV, the most severe
symptoms of heart failure.

d On a scale of 0 to 9, with 0 indicating the lowest risk of stroke and 9, the
highest risk of stroke.

e Calculated as weight in kilograms divided by height in meters squared.
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AF Recurrence
For most patients with AF, the primary reason to consider
catheter ablation is to mitigate the disruption that AF creates
in their daily lives and consequent reductions in quality of
life. This trial shows that catheter ablation is associated with
a lower AF recurrence rate than drug therapy (50% vs 69% at
3 years postblanking follow-up). These results are generally
concordant with the findings of earlier smaller trials on AF
recurrence such as CASTLE-AF,10 RAAFT-2,31 STOP-AF,7

ThermoCool AF,8 and to a lesser degree MANTRA-PAF.32 The
long-term follow-up from this trial also shows that for many
patients with AF, ablation is not curative. One hundred and
ninety patients (17.1%) required a repeat ablation during the
postblanking follow-up period. The underlying pathophysiol-
ogy leading to the initial onset of AF may increase the pro-
pensity for its recurrence even with initially successful abla-
tion. Work is ongoing to understand whether risk factor
management, with or without ablation, can reduce recur-
rence rates.

Adverse Events
Importantly, CABANA shows that prognostically adverse pro-
cedural complications associated with the catheter ablation
strategy relative to medical management options were infre-
quent when the procedure was performed by experienced
operators (eTables 9 and 10 in Supplement 3). Pericardial
effusion with tamponade, while infrequent, was the most
common adverse event in catheter ablation patients. Pulmo-
nary vein stenosis was rare and atrial esophageal fistula for-
mation was not observed. The adverse event rates observed
in the trial are comparable with data from the First and Sec-
ond International Ablation Registries,4,33,34 and are similar to
those seen in the RAAFT-231 and MANTRA-PAF trials,32 but
lower than those seen in the STOP-AF trial.7 Whether the
rates of catheter ablation–related procedural complications
would be the same outside of a clinical trial is unknown and
would be an important consideration in discussing treatment
options with patients.

Limitations
This study has several limitations. First, patient withdraw-
als from the trial, which occurred at a slightly higher rate in
the drug therapy group, may have affected estimates of the

Figure 5. Kaplan-Meier Estimates of the Primary End Point by Per-Protocol Analysis
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Kaplan-Meier estimates of the cumulative risk of death, disabling stroke, serious
bleeding, or cardiac arrest (primary end point) by 6-month (A) and 12-month (B)
per-protocol analysis. Figure includes patients randomized to catheter ablation
who were ablated within 6 months (A) or 12 months (B) after randomization. It
also includes all patients randomized to drug therapy, with follow-up censored

at crossover to ablation. A, The median (25th, 75th percentiles) length of
patient follow-up was 4.1 years (2.6, 5.2) in the catheter ablation group and 4.0
years (2.5, 5.2) in the drug therapy group. B, The median (25th, 75th
percentiles) length of patient follow-up was 4.2 years (2.6, 5.2) in the catheter
ablation group and 4.0 years (2.5, 5.2) in the drug therapy group.

Figure 6. Recurrent Atrial Fibrillation After Blanking
by Intention-to-Treat Analysis
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75th percentiles) length of patient follow-up was 4.3 years (2.8, 5.0) in the
catheter ablation group and 4.3 years (2.7, 5.3) in the drug therapy group.
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treatment effect. Second, comparisons of the ITT results
with the treatment received and per-protocol analyses sug-
gest that the combined effect of crossovers and withdrawals
reduced the estimated treatment effect and the precision of
the effect size estimates as assessed by ITT. Third, catheter
ablation and drug therapies may have changed over the
course of a long trial in ways that might have affected out-
come, although ablation techniques were largely consistent
over the course of the trial, and crossovers were limited by
the trial center to the extent possible.

Fourth, a small number of patients (11%) received only rate
control drugs, which could have affected the results. Fifth, the
AF recurrence data presented here come from the subset of pa-
tients who used the trial’s recording system, but findings were
consistent when trial-wide recording systems were com-
pared. Sixth, unblinded site adjudication of cause of hospital-
ization may have introduced bias into this end point relative
to the centrally adjudicated components of the primary end

point. Seventh, the significance threshold was not adjusted for
the secondary end point comparisons. Performing multiple in-
dependent significance tests increases the probability that at
least 1 test may achieve nominal statistical significance on a
chance basis alone. Therefore, findings from the secondary and
other analyses that are unique to CABANA may be reasonably
viewed as more provisional or exploratory.

Conclusions
Among patients with AF, the strategy of catheter ablation, com-
pared with medical therapy, did not significantly reduce the
primary composite end point of death, disabling stroke, seri-
ous bleeding, or cardiac arrest. However, the estimated treat-
ment effect of catheter ablation was affected by lower-than-
expected event rates and treatment crossovers, which should
be considered in interpreting the results of the trial.
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