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BACKGROUND Rhythm control strategies for atrial fibrillation (AF), including catheter ablation, are substantially un-

derused in racial/ethnic minorities in North America.

OBJECTIVES This study sought to describe outcomes in the CABANA trial as a function of race/ethnicity.

METHODS CABANA randomized 2,204 symptomatic participants with AF to ablation or drug therapy including rate

and/or rhythm control drugs. Only participants in North America were included in the present analysis, and participants

were subgrouped as racial/ethnic minority or nonminority with the use of National Institutes of Health definitions. The

primary endpoint was a composite of death, disabling stroke, serious bleeding, or cardiac arrest.

RESULTS Of 1,280 participants enrolled in CABANA in North America, 127 (9.9%) were racial and ethnic minorities.

Compared with nonminorities, racial and ethnic minorities were younger with median age 65.6 versus 68.5 years,

respectively, and had more symptomatic heart failure (37.0% vs 22.0%), hypertension (92.1% vs 76.8%, respectively),

and ejection fraction <40% (20.8% vs 7.1%). Racial/ethnic minorities treated with ablation had a 68% relative reduction

in the primary endpoint (adjusted hazard ratio [aHR]: 0.32; 95% confidence interval [CI]: 0.13-0.78) and a 72% relative

reduction in all-cause mortality (aHR: 0.28; 95% CI: 0.10-0.79). Primary event rates in racial/ethnic minority and

nonminority participants were similar in the ablation arm (4-year Kaplan-Meier event rates 12.3% vs 9.9%); however,

racial and ethnic minorities randomized to drug therapy had a much higher event rate than nonminority participants

(27.4% vs. 9.4%).

CONCLUSION Among racial or ethnic minorities enrolled in the North American CABANA cohort, catheter ablation

significantly improved major clinical outcomes compared with drug therapy. These benefits, which were not seen in

nonminority participants, appear to be due to worse outcomes with drug therapy. (Catheter Ablation vs Anti-

arrhythmic Drug Therapy for Atrial Fibrillation Trial [CABANA]; NCT00911508). (J Am Coll Cardiol 2021;78:126–38)

© 2021 by the American College of Cardiology Foundation.
T he 2014 American College of Cardiology,
American Heart Association, and Heart
Rhythm Society updated guidelines support

a more prominent role for catheter ablation in the
treatment of atrial fibrillation (AF), including its use
as first-line therapy for recurrent symptomatic parox-
ysmal or persistent AF (1). Historically, Blacks and
other racial and ethnic minorities have been
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underrepresented in clinical trials focused on the
management and treatment of AF (2,3). Observational
data indicate lower use of rhythm control strategies,
including catheter ablation, in the management of
AF among racial and ethnic minorities, and there are
no randomized trial data describing the safety and ef-
ficacy of catheter ablation therapy to treat AF in these
patients (4–10).
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AB BR E V I A T I O N S

AND ACRONYM S

AF = atrial fibrillation

AI/AN = American Indian/

Alaskan Native

HF = heart failure

NA = North America

PI = Pacific Islander
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The CABANA (Catheter Ablation Versus Antiar-
rhythmic Drug Therapy for Atrial Fibrillation) trial,
the largest trial to date of catheter ablation versus
drug therapy in AF, found that the strategy of cath-
eter ablation did not significantly improve the com-
posite primary clinical outcome (death, disabling
stroke, serious bleeding, or cardiac arrest) compared
with drug therapy when analyzed by intention to
treat (11). Secondary endpoints of death or cardio-
vascular hospitalization, as well as AF recurrence,
were significantly reduced by ablation, and quality of
life was improved out to 60 months (11–13). The
objective of the present analysis was to assess if the
response to treatment assignment in CABANA varied
according to minority race or ethnicity among pa-
tients enrolled in North America (NA).
SEE PAGE 139
METHODS

TRIAL DESIGN AND SETTING. CABANA is an inter-
national, multicenter, unmasked randomized clinical
trial that has been registered at ClinicalTrials.gov
(NCT0091158). Complete details of the trial design
and methods have been previously reported (11,14).
Each site’s Institutional Review Board approved the
CABANA study, and written informed consent was
obtained from every participant.

STUDY POPULATION. Participants $18 years old with
electrocardiographic documentation of at least 2 ep-
isodes of paroxysmal AF or 1 episode of persistent AF
in the 6 months before enrollment who were suitable
candidates for either catheter ablation or drug ther-
apies were eligible for enrollment (14). To ensure
sufficient event rates to detect the hypothesized
treatment effect, CABANA required participants to be
either $65 years or <65 years of age and with at least 1
risk factor for stroke (14). For the purpose of this
pre-specified racial and ethnic subgroup analysis,
individuals were included if they were enrolled at a
NA site. Race and ethnicity were self-identified
through the enrolling site with the use of the Na-
tional Institutes of Health (NIH) categories that
included White, Black, Asian, American Indian (AI)/
Alaskan Native (AN), Hawaiian or other Pacific
Islander (PI), or multiracial. The ethnicity classifica-
tion options included Not Hispanic nor Latino or
Latina origin; and Hispanic, Latino, or Latina origin.
We chose to limit our analysis to NA given the chal-
lenges of racial and ethnic minority classification by
U.S.-based categories elsewhere. For the present
report, individuals were categorized as racial and
ethnic minority (Black, AI/AN, Hawaiian or other PI,
multiracial [excluding White and Asian com-
bination], or of Hispanic, Latino/Latina
origin), or nonminority (non-Hispanic White
or Asian). Asian race was not included in the
racial and ethnic minority grouping as
currently this racial group is not considered a
minority as defined by the NIH.

OUTCOMES. The primary endpoint in
CABANA was a composite of all-cause mor-

tality, disabling stroke, serious bleeding, or cardiac
arrest (14). Secondary endpoints included all-cause
mortality alone as well as the composite of all-cause
mortality or cardiovascular hospitalization.

As previously reported, to assess AF recurrence in
CABANA, patients were provided with a proprietary
recording system (“CABANA Box”), and we pre-
specified that the primary AF recurrence endpoint
outcomes would be limited to the subgroup of pa-
tients who used this recording system (11,13). Of the
1,280 NA participants in this subgroup analysis, 72
(56.7%) of 127 racial/ethnic minority participants and
958 (83.1%) of 1,153 nonminority participants used the
CABANA Box. AF recurrence was defined as an
episode of AF lasting $30 s after the blanking period.
AF recurrences were adjudicated by the CABANA
electrocardiography core laboratory (13). The AF
recurrence endpoint represents a combination of data
from symptom-driven recordings, 24-h autodetect
recordings, and every-6-months 96-h continuous
Holter monitor recordings. AF burden was assessed as
the percentage of time spent in AF based on the 96-h
Holter monitor recordings scheduled every 6 months
(13).

STATISTICAL ANALYSIS. Descriptive summary sta-
tistics included count (percentage) for categoric var-
iables, and median (interquartile range [IQR]) for
continuous variables. The primary statistical com-
parisons were performed with treatment assigned as
randomized (intention-to-treat) (11). Kaplan-Meier
cumulative event rates were estimated for each
treatment group with time to event (in months)
measured from the time of randomization (15).
Treatment effect sizes for most clinical outcomes
were expressed as hazard ratios (HRs) with associated
95% confidence intervals (CIs) and were estimated
with the use of a covariate-adjusted Cox proportional
hazards model (16). The Cox model was stratified by
racial and ethnic minority status and was adjusted for
pre-specified baseline patient characteristics: age,
sex, AF type, years since onset of AF, history of heart
failure (HF), structural heart disease, CHA2DS2-VASc
score, history of coronary artery disease, and hyper-
tension. An interaction term, treatment group � racial

https://clinicaltrials.gov/ct2/show/NCT00911508


FIGURE 1 CONSORT Diagram for the Racial/Ethnic Minority Subgroup Analysis in CABANA
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Derivation of the cohort for the CABANA subgroup analysis examining outcomes by racial and ethnic minority status in patients enrolled in

North America. CABANA ¼ Catheter Ablation vs Antiarrhythmic Drug Therapy for Atrial Fibrillation Trial.
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and ethnic minority status, was included in the
model. Statistical testing of treatment differences
was performed with the Wald test from the Cox
model. We examined the proportionality assumption
in the Cox model for the primary composite endpoint
and for all-cause mortality with the use of the ASSESS
statement in PROC PHREG (SAS 9.4, SAS Institute,
Cary, North Carolina), and the proportional hazards
assumption was met.

To examine whether clinical outcomes differed in
patients with versus without CABANA Box AF recur-
rence data, we fitted a Cox model for the primary
composite endpoint as well as all-cause mortality,
including all pre-specified covariates and an interac-
tion term between CABANA Box use or nonuse and
randomized treatment assignment. There were no
significant interactions (P ¼ 0.87 for primary
endpoint, P ¼ 0.67 for all-cause mortality). Recurrent
AF cumulative incidences were estimated with the
use of a Fine-Gray model (17) adjusted for baseline
covariates listed above, with death treated as a
competing risk.
P values, where provided, are intended as adjunc-
tive interpretive aids reflecting the level of unexpect-
edness of observed effects under the assumption that
the relevant null hypothesis is correct (18). No adjust-
ments were made for multiple comparisons. All sta-
tistical analyseswere performed using SAS version 9.4.

RESULTS

Of the 1,285 participants randomized in CABANA in
NA, 127 were racial and ethnic minorities (62 ablation,
65 drug therapy) (Figure 1), 1,153 were nonminority
(587 ablation, 566 drug therapy), and 5 did not iden-
tify as belonging to a racial or ethnic category. Of the
127 racial and ethnic minority participants, 66 were
non-Hispanic Black (33 ablation, 33 drug), 4 AI/AN (3
ablation, 1 drug), 1 Hawaiian/other PI (drug), 6 non-
Hispanic multiracial (3 ablation, 3 drug), 36 White
Hispanic (17 ablation, 19 drug), 10 Black Hispanic (5
ablation, 5 drug), 2 unknown race and Hispanic (0
ablation, 2 drug), 1 Hispanic Hawaiian/PI (ablation),
and 1 multiracial Hispanic (drug).
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Overall median follow-up in the 1,280 participants
with nonmissing racial and ethnic minority status was
54.9 months. Median follow-ups were 48.0 months in
the 127 racial and ethnic minority participants and
55.5 months in the 1,153 nonminority participants.

BASELINE CHARACTERISTICS. Baseline characteris-
tics were largely balanced between the treatment
groups for nonminority participants but were less
well balanced in the racial and ethnic minority group
(Table 1). Among racial and ethnic minority partici-
pants, 45.2% of ablation and 52.3% of drug partici-
pants were <65 years of age and 14.5% and 6.2%,
respectively, were $75 years of age. Female sex made
up 27.4% of ablation participants and 35.4% of drug
therapy participants. HF prevalence (New York Heart
Association [NYHA] functional class $II) was the
same in both arms. Diabetes was more common in the
ablation arm (35.5% vs 20.0% for drug arm). Parox-
ysmal AF was more common in the drug arm (49.2%
vs 38.7% in the ablation arm).

Racial and ethnic minority compared with nonmi-
nority participants (Table 1) were younger (median
age 65.6 years vs 68.5 years) and more likely to have
NYHA functional class $II HF symptoms (37.0% vs
22.0%) and a history of hypertension (92.1% vs
76.8%). In addition, racial and ethnic minority par-
ticipants had higher rates of left ventricular hyper-
trophy (42.2% vs 33.9%), and among those with an
ejection fraction (EF) assessment (72 racial and ethnic
minority participants, 743 nonminority participants),
more racial and ethnic minorities individuals had an
EF <40% (20.8% vs 7.1% for nonminorities). There
were no differences in years since AF diagnosis or
type of AF at enrollment (44.1% and 44.2% parox-
ysmal for minority and nonminorities, respectively).

TREATMENT DATA. Ablat ion . Among the 62 racial
and ethnic minority individuals randomized to cath-
eter ablation, 9 (14.5%) never received catheter abla-
tion. Among the 587 nonminority individuals
randomized to catheter ablation, 39 (6.6%) did not
receive catheter ablation. The most common reasons
for no ablation were principal investigator decision
due to medical condition (33% racial/ethnic minority
patients, 13% nonminority patients), patient decision
(44% racial/ethnic minority, 67% nonminority), and
other personal reasons (22% racial/ethnic minority,
13% nonminority).

In the racial and ethnic minority group randomized
to and receiving catheter ablation, 21 of 52 (40.4%)
received a rhythm-control drug in the post blanking
period, compared with 251 of 542 (46.3%) in the
nonminority group. Among racial and ethnic
minorities randomized to drug therapy, 27.7% also
received catheter ablation versus 32.5% of
nonminorities.
Medicat ion use . Following the blanking period, rate
control medication use was well balanced by treat-
ment group in both racial and ethnic minority and
nonminority subgroups (Table 2). Beta-blockers were
the predominant rate control medications used and
digoxin the least used for both groups.

Among racial and ethnic minorities, after the
blanking period, rhythm control medications were
used in 40.4% of ablation arm participants versus
80.6% of drug arm participants (Table 2). For
nonminority participants, the corresponding rates
were 46.3% and 89.8%. Racial and ethnic minorities
relative to nonminorities in the drug arm were less
likely to be treated with dronedarone (6.5% vs 14.7%)
or flecainide (8.1% vs 23.9%). Conversely, amiodarone
was more commonly used in racial and ethnic mi-
nority participants in the drug arm: 41.9% in racial
and ethnic minorities versus 30.2% in nonminorities.
Overall, sotalol and dofetilide were used in approxi-
mately 21.8% and 28.1% of drug-arm participants,
respectively, with no notable differences between
racial and ethnic minority and nonminority partici-
pants (Table 2).

ADVERSE EVENTS. Non–endpoint adverse events in
the ablation and drug treatment groups were infre-
quent and did not vary significantly between racial
and ethnic minorities and nonminorities. The most
common adverse events with ablation included he-
matoma (2.7%), pseudoaneurysm (1.2%), and severe
pericardial chest pain (1.9%). The most common
treatment-related adverse events in the drug therapy
arm included hyper- or hypothyroidism (2.0%), major
proarrhythmic event (1.6%), gastrointestinal abnor-
mality excluding moderate/severe diarrhea (1.5%),
and allergic reaction (1.2%) (Supplemental Table 1).

Cardiac arrest, ventricular fibrillation, or ventricu-
lar tachycardia events occurred in 6.3% of racial and
ethnic minority patients and 2.3% of nonminorities.
None of these events were assessed by site in-
vestigators as definitely or probably related to drug
therapy.

OUTCOMES BY TREATMENT AMONG RACIAL AND

ETHNIC MINORITIES. The CABANA primary outcome
event (death, disabling stroke, serious bleeding, or
cardiac arrest) occurred in 8 of 62 (12.9%) racial and
ethnic minority participants in the catheter ablation
arm and in 15 of 65 (23.1%) in the drug therapy arm
(adjusted HR [aHR] for ablation vs drug therapy: 0.32;
95% CI: 0.13-0.78) (Table 3, Central Illustration).
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TABLE 1 Baseline Demographics and Clinical Characteristics by Treatment Among Racial and Ethnic Minority and Nonminority Groups

Racial and Ethnic Minority Nonminority

Total (N ¼ 127) Ablation (n ¼ 62) Drug (n ¼ 65) Total (N ¼ 1,153) Ablation (n ¼ 587) Drug (n ¼ 566)

Age, y 65.6 (56.8-70.1) 66.4 (56.1-71.7) 64.5 (57.2-69.3) 68.5 (63.9-72.8) 68.4 (63.4-72.9) 68.5 (64.3-72.6)

Age group, y

<65 62 (48.8) 28 (45.2) 34 (52.3) 331 (28.7) 171 (29.1) 160 (28.3)

$65 to <75 52 (40.9) 25 (40.3) 27 (41.5) 646 (56.0) 323 (55.0) 323 (57.1)

$75 13 (10.2) 9 (14.5) 4 (6.2) 176 (15.3) 93 (15.8) 83 (14.7)

Female 40 (31.5%) 17 (27.4%) 23 (35.4%) 376 (32.6%) 194 (33.0%) 182 (32.2%)

Body mass index, kg/m2 126 62 64 1,147 584 563

Median (IQR) 31.5 (28.2-37.5) 31.8 (28.6-35.8) 31.4 (28.1-37.8) 31.3 (27.2-36.1) 30.9 (27.1-35.4) 31.6 (27.4-36.6)

AF severity, CCS 2.0 (2.0-3.0) 2.0 (2.0-3.0) 2.5 (1.5-3.0) 3.0 (2.0-3.0) 3.0 (2.0-3.0) 3.0 (2.0-3.0)

CCS class 0 7 (5.6) 4 (6.5) 3 (4.7) 81 (7.1) 43 (7.4) 38 (6.7)

CCS class 1 23 (18.3) 10 (16.1) 13 (20.3) 145 (12.6) 72 (12.3) 73 (13.0)

CCS class 2 36 (28.6) 20 (32.3) 16 (25.0) 328 (28.6) 158 (27.1) 170 (30.2)

CCS class 3 45 (35.7) 21 (33.9) 24 (37.5) 498 (43.4) 259 (44.3) 239 (42.5)

CCS class 4 15 (11.9) 7 (11.3) 8 (12.5) 95 (8.3) 52 (8.9) 43 (7.6)

NYHA functional class II or greater 47 (37.0) 23 (37.1) 24 (36.9) 252 (22.0) 123 (21.1) 129 (22.9)

Medical history

Hypertension 117 (92.1) 57 (91.9) 60 (92.3) 886 (76.8) 448 (76.3) 438 (77.4)

Left ventricular hypertrophy 35/83 (42.2) 19/43 (44.2) 16/40 (40.0) 271/799 (33.9) 148/449 (33.0) 123/350 (35.1)

Diabetes 35 (27.6) 22 (35.5) 13 (20.0) 328 (28.4) 156 (26.6) 172 (30.4)

Sleep apnea 38 (29.9) 16 (25.8) 22 (33.8) 389 (33.7) 199 (33.9) 190 (33.6)

Coronary artery disease 31 (24.4) 17 (27.4) 14 (21.5) 267 (23.2) 132 (22.5) 135 (23.9)

History of HF 46 (36.2) 26 (41.9) 20 (30.8) 206 (17.9) 107 (18.2) 99 (17.5)

Family history of AF 13 (10.3) 5/61 (8.2) 8 (12.3) 186/1,150 (16.2) 98/586 (16.7) 88/564 (15.6)

History of cerebrovascular accident or
transient ischemic attack

16 (12.6) 10 (16.1) 6 (9.2) 124 (10.8) 64 (10.9) 60 (10.6)

Previous cerebrovascular accident 11 (8.7) 7 (11.3) 4 (6.2) 64 (5.6) 33 (5.6) 31 (5.5)

Thromboembolic events 6 (4.7) 1 (1.6) 5 (7.7) 52 (4.5) 23 (3.9) 29 (5.1)

Ejection fraction, % 72 37 35 743 405 338

Median 55.0 (40.0-60.0) 55.0 (44.0-60.0) 55.0 (40.0-60.0) 55.0 (52.0-60.0) 57.0 (53.0-60.0) 55.0 (50.0-60.0)

<40% 15 (20.8) 7 (18.9) 8 (22.9) 53 (7.1) 31 (7.7) 22 (6.5)

$40%-49% 13 (18.1) 7 (18.9) 6 (17.1) 83 (11.2) 37 (9.1) 46 (13.6)

$50% 44 (61.1) 23 (62.2) 21 (60.0) 607 (81.7) 337 (83.2) 270 (79.9)

Creatinine mg/dL 1.0 (0.9-1.3) 1.1 (0.9-1.3) 1.0 (0.9-1.3) 1.0 (0.8-1.1) 1.0 (0.8-1.1) 1.0 (0.8-1.1)

eGFR, mL/min/1.73 m2 75.8 (62.2-89.6) 75.0 (62.1-90.0) 76.8 (63.4-88.9) 73.5 (61.6-86.5) 73.0 (61.2-86.8) 74.1 (61.8-85.9)

CHA2DS2-VASc score

Median (IQR) 3.0 (2.0-4.0) 3.0 (2.0-4.0) 3.0 (2.0-4.0) 3.0 (2.0-4.0) 3.0 (2.0-4.0) 3.0 (2.0-4.0)

0-1 20 (15.7) 8 (12.9) 12 (18.5) 181 (15.7) 101 (17.2) 80 (14.1)

2-3 66 (52.0) 31 (50.0) 35 (53.8) 622 (53.9) 297 (50.6) 325 (57.4)

4-5 29 (22.8) 16 (25.8) 13 (20.0) 284 (24.6) 161 (27.4) 123 (21.7)

6-7 10 (7.9) 6 (9.7) 4 (6.2) 64 (5.6) 28 (4.8) 36 (6.4)

$8 2 (1.6) 1 (1.6) 1 (1.5) 2 (0.2) 0 (0.0) 2 (0.4)

Arrhythmia history 126 61 65 1,148 584 564

Years since onset of AF 0.8 (0.2-2.6) 1.0 (0.2-3.8) 0.8 (0.2-2.0) 0.8 (0.2-3.3) 0.8 (0.2-3.7) 0.8 (0.2-2.9)

Type of AF at enrollment

Paroxysmal 56 (44.1) 24 (38.7) 32 (49.2) 510 (44.2) 253 (43.1) 257 (45.4)

Persistent or longstanding persistent 71 (55.9) 38 (61.3) 33 (50.8) 643 (55.8) 334 (56.9) 309 (54.6)

Previous hospitalization for atrial fibrillation 43 (33.9) 21 (33.9) 22 (33.8) 375/1,152 (32.6) 196/586 (33.4) 179 (31.6)

Previous direct cardioversion for AF 39 (30.7) 20 (32.3) 19 (29.2) 449/1,152 (39.0) 224/586 (38.2) 225 (39.8)

Current or past use of rate control drugs
at baseline

124/125 (99.2) 59/60 (98.3) 65 (100.0) 1,065/1,135 (93.8) 537/576 (93.2) 528/559 (94.5)

Previous use of rhythm control drugs 61 29 32 543 253 290

1 rhythm control drug 49 (80.3) 25 (86.2) 24 (75.0) 465 (85.6) 214 (84.6) 251 (86.6)

$2 rhythm control drugs 12 (19.7) 4 (13.8) 8 (25.0) 78 (14.4) 39 (15.4) 39 (13.4)

Values are median (interquartile range), n (%), n/N (%), or n.

AF ¼ atrial fibrillation; CCS ¼ Canadian Cardiovascular Society; eGFR ¼ estimated glomerular filtration rate; HF ¼ heart failure; IQR ¼ interquartile range; NYHA ¼ New York Heart Association.
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TABLE 2 Rate and Rhythm Control Therapies at the End of Blanking Period* Among

Racial and Ethnic Minority and Nonminority Groups

Racial and Ethnic Minority
Participants Nonminority Participants

Drug
(n ¼ 62)

Ablation
(n ¼ 52)

Drug
(n ¼ 557)

Ablation
(n ¼ 542)

Rate control 59 (95.2) 49 (94.2) 484 (86.9) 459 (84.7)

Beta-blocker 52 (83.9) 47 (90.4) 402 (72.2) 403 (74.4)

Calcium blocker 29 (46.8) 25 (48.1) 237 (42.5) 195 (36.0)

Digoxin 8 (12.9) 6 (11.5) 63 (11.3) 37 (6.8)

Rhythm control 50 (80.6) 21 (40.4) 500 (89.8) 251 (46.3)

Dronedarone 4 (6.5) 4 (7.7) 82 (14.7) 43 (7.9)

Quinidine 0 (0) 0 (0) 0 (0) 0 (0)

Flecainide 5 (8.1) 2 (3.8) 133 (23.9) 58 (10.7)

Propafenone 3 (4.8) 0 (0) 50 (9.0) 18 (3.3)

Sotalol 12 (19.4) 7 (13.5) 123 (22.1) 68 (12.5)

Dofetilide 17 (27.4) 3 (5.8) 157 (28.2) 60 (11.1)

Amiodarone 26 (41.9) 9 (17.3) 168 (30.2) 88 (16.2)

Values are n (%). *The blanking period was defined as the 90 days after receiving randomized treatment. For
patients randomized to ablation, however, a 3-month window was added after the blanking period to allow time
to resolve whether medications that may have been used during the blanking period would be stopped or
continued.
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All-cause mortality occurred in 6 of 62 (9.7%) racial
and ethnic minority participants in the ablation arm
and 12 of 65 (18.5%) racial and ethnic minority par-
ticipants in the drug therapy arm (aHR: 0.28; 95% CI:
0.10-0.79) (Table 3, Figure 2). For the additional
components of the combined outcome including
disabling stroke, serious bleeding, or cardiac arrest,
event rates were low, with fewer events among racial
and ethnic minority participants treated with ablation
compared with drug therapy (Table 3).

Death or cardiovascular hospitalization occurred in
37 of 62 (59.7%) racial and ethnic minority partici-
pants in the catheter ablation arm and 45 of 65
(69.2%) racial and ethnic minority participants in the
drug therapy arm (aHR: 0.73; 95% CI: 0.47-1.13)
(Table 3, Supplemental Figure 1). Death from cardio-
vascular causes occurred in 2 of 62 (3.2%) racial and
ethnic minority participants in the catheter ablation
arm and 7 of 65 (10.8%) racial and ethnic minority
participants in the drug therapy arm (Supplemental
Table 2).

AF RECURRENCE AND BURDEN. Among racial and
ethnic minorities, by 12 months after the blanking
period the cumulative incidence of AF recurrence was
28.9% in the ablation arm versus 55.9% in the drug
therapy arm (Figure 3). At 48 months, the corre-
sponding incidences were 38.9% (ablation arm) and
63.7% (drug arm). Overall, in racial and ethnic mi-
nority participants, the ablation arm had a 55% rela-
tive reduction in first AF recurrence compared with
the drug arm (aHR: 0.45; 95% CI: 0.23-0.89).

At baseline for racial and ethnic minorities, an
average of 37.1% of the CABANA Holter recording
time was spent in AF (25.1% in ablation arm, 53.1% in
drug arm) (Figure 4A). At baseline for nonminorities,
an average of 50.5% of recording time was spent in AF
(51.1% in ablation arm, 50.3% in drug arm) (Figure 4B).
At 12 months, AF burden averaged 4.2% in the abla-
tion arm and 18.1% in the drug therapy arm. At 3
years, the corresponding percentages were 12.6% and
27.9%. At all follow-up time points over the first 3
years, the AF burden was lower in the ablation arm
than in the drug therapy arm. After 3 years, sample
sizes were insufficient to generate reliable estimates.

COMPARISON OF RACIAL AND ETHNIC MINORITY

AND NONMINORITY OUTCOMESWITHIN TREATMENT

GROUPS. Examining event rates for racial and ethnic
minority and nonminority participants suggested that
ablation outcomes were similar in both subgroups
(Central Illustration, Supplemental Figure 2). In the
ablation arm, the racial and ethnic minority and
nonminority primary endpoint 4-year Kaplan-Meier
rates were 12.3% versus 9.9%, respectively, and the
all-cause mortality 4-year Kaplan-Meier rates were
8.1% versus 6.7%. However, in the drug arm, the
racial and ethnic minority and nonminority primary
endpoint 4-year Kaplan-Meier rates were 27.4%
versus 9.4%, and the corresponding all-cause mor-
tality 4-year Kaplan-Meier rates were 20.2%
versus 4.5%.

DISCUSSION

This paper presents the first randomized multicenter
assessment of the efficacy and safety of catheter
ablation for the treatment of AF in NA racial and
ethnic minorities. Among racial and ethnic minority
participants with AF, catheter ablation relative to
drug therapy produced significant reductions in the
combined primary endpoint of death, disabling
stroke, serious bleeding, or cardiac arrest (68% rela-
tive risk reduction), all-cause mortality (72% relative
risk reduction), and time to first recurrence of AF
(55% relative risk reduction). Treatment-related
adverse events in both arms were low and did not
differ between racial and ethnic minorities and
nonminorities.

One of the principal objectives of the CABANA trial
was to test whether effectively treating the AF state
with catheter ablation could reduce the excess mor-
tality risk associated with AF (14). Although the effect
of ablation on all-cause mortality compared with drug
therapy was small and statistically inconclusive in the
overall 2,204-patient CABANA cohort (HR: 0.85;
95% CI: 0.60-1.21), the mortality reduction with

https://doi.org/10.1016/j.jacc.2021.04.092
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TABLE 3 Clinical Endpoint Event Rates Among Racial and Ethnic Minorities by Treatment

Events
Kaplan-Meier 4-Year

Event Rate, %

Adjusted HR*
(95% CI) (Ablation:Drug)

Ablation
(n ¼ 62)

Drug
(n ¼ 65)

Ablation
(n ¼ 62)

Drug
(n ¼ 65)

Primary endpoint (all-cause mortality, disabling stroke,
serious bleeding, or cardiac arrest)

8 (12.9) 15 (23.1) 12.3 27.4 0.32 (0.13-0.78)

All-cause mortality 6 (9.7) 12 (18.5) 8.1 20.2 0.28 (0.10-0.79)

Disabling stroke 0 (0.0) 2 (3.1)

Serious bleeding 1 (1.6) 4 (6.2)

Cardiac arrest 1 (1.6) 3 (4.6)

Secondary end point: death or cardiovascular hospitalization 37 (59.7) 45 (69.2) 59.4 70.7 0.73 (0.47-1.13)

Values are n (%) unless otherwise indicated. *Hazard ratio (HR) and associated CI (confidence interval) were calculated with the use of an adjusted Cox model.
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catheter ablation among NA racial and ethnic minor-
ities was large (HR: 0.28; 95% CI: 0.10-0.79).
Conversely, the effects of catheter ablation on mor-
tality for NA nonminorities was indeterminate,
consistent with the overall trial results (HR: 1.25;
95% CI: 0.81-1.92) (Supplemental Figure 2). Post hoc
analyses performed to explore this apparent clinical
advantage of racial and ethnic minority participants
randomized to ablation revealed that the difference
relative to nonminority participants was primarily
created by substantially worse outcomes in the drug
therapy arm for racial and ethnic minorities (Central
Illustration, Supplemental Figure 2). Among racial
and ethnic minorities randomized to ablation, the
primary endpoint 4-year Kaplan-Meier rate was 12.3%
and the nonminority rate was 9.9%. The corre-
sponding all-cause 4-year mortality rates were 8.1%
and 6.7%. However, in racial and ethnic minorities
randomized to drug therapy compared with non-
minorities, a large discrepancy in outcomes was
found: primary endpoint 4-year Kaplan-Meier rates of
27.4% versus 9.4%, respectively, and corresponding
4-year mortality rates of 20.2% and 4.5%. Racial and
ethnic minorities in the drug arm had an early accel-
eration of mortality during the first 12 months
following randomization (Figure 2), which accounted
for most of the excess events producing the discrep-
ancy with nonminority drug arm participants.

EXPLAINING THE RESULTS. Given the provocative
nature of our findings that suggest an unanticipated
heterogeneity of treatment effect by racial and ethnic
minority status in CABANA, we consider several po-
tential explanations.

Assoc iated heart d isease and importance of
hear t fa i lure . Although randomization resulted in
relatively well-balanced baseline characteristics be-
tween racial and ethnic minorities and nonminorities,
they differed in a few notable variables. Racial and
ethnic minorities were younger and had more hy-
pertension and more HF with NYHA functional
class $II symptoms. Among those who had EF as-
sessments, racial and ethnic minorities were more
likely than nonminorities to have an EF #40%. HF
with and without left ventricular dysfunction in racial
and ethnic minorities, particularly Blacks, is typically
due to hypertensive heart disease, in contrast to non-
Hispanic Whites in which HF is overwhelmingly
associated with coronary artery disease (19–21). Our
results in CABANA, therefore, raise the possibility
that the variations in the prevalence of the heart
diseases associated with AF might account for dif-
ferences in the benefits observed with ablation ther-
apy. A growing body of both clinical trial and
observational data has suggested that AF in the
setting of HF, with both reduced and preserved EF,
has substantially better clinical outcomes with abla-
tion compared with drug therapy (22–31). Unfortu-
nately, most of these reports either did not report
racial and ethnic demographics or enrolled exceed-
ingly low numbers of racial and ethnic minorities.
Thus, possibility that the large relative advantage of
ablation and the worse outcomes with drug therapy
seen in NA racial and ethnic minority patients in
CABANA are related to their increased prevalence
and/or type of heart failure cannot at present be
corroborated with published trial data.

Racial and ethnic minorities also had a somewhat
higher rate of cardiac arrest/ventricular tachycardia
or ventricular fibrillation events (6.3% vs 2.3% for
nonminorities), which could also be indicative of
differences in underlying heart disease. Cardiac arrest
endpoint events in racial and ethnic minorities were
lower in the ablation arm relative to the drug arm, but
the small numbers involved precludes any possibility
of demonstrating causal relationship.
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CENTRAL ILLUSTRATION Kaplan-Meier Estimates of the Primary Composite Endpoint Among
Racial and Ethnic Minorities and Nonminorities by Randomized Treatment in CABANA
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Kaplan-Meier estimates of the cumulative risk of having a primary endpoint event by intention-to-treat analysis. In the nonminority group,

the outcomes do not differ significantly between treatment groups. In the racial and ethnic minority subgroup, patients randomized to

ablation have a lower risk of having a primary end point event out to 4 years compared with drug therapy alone. CABANA ¼ Catheter Ablation

vs Antiarrhythmic Drug Therapy for Atrial Fibrillation Trial; CI ¼ confidence interval.
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Di fferences in med ica l therapy arm. Following
the blanking period, racial and ethnic minorities
relative to nonminorities were more likely to be
treated with amiodarone. The mode of death analysis
of the AFFIRM (Atrial Fibrillation Follow-Up Investi-
gation of Rhythm Management; NCT00000556) study
showed a significant increase in fatal non-
cardiovascular events in the rhythm control arm, in
which amiodarone was the most common drug used
(32). The survival curves between the rhythm and rate
control arms diverged at 1 year, and at the end of 5
years of follow-up there was a 50% increase in non-
cardiovascular deaths in the rhythm control partici-
pants. Amiodarone has previously been associated
with an increased noncardiac mortality rate. For
example, in the post–myocardial infarction EMIAT
(European Myocardial Infarct Amiodarone Trial),
noncardiac mortality was 37% higher, although sta-
tistically insignificant, in the participants treated
with amiodarone (33). In contrast, in the present
analysis, noncardiovascular mortality rates among
racial and ethnic minorities were equivalent in the 2
treatment arms, and the mortality differences were
almost exclusively confined to cardiovascular deaths
(Supplemental Table 2).
AF recur rence . In the subgroup of participants using
the CABANA Box monitor after the blanking period,
catheter ablation compared with drug therapy
reduced the hazard of first recurrence of AF among
racial and ethnic minorities (aHR: 0.45; 95% CI: 0.23-
0.89) and nonminorities (aHR: 0.54; 95% CI: 0.46-
0.64). Bukari et al. (34) conducted a single-center
retrospective study to assess the impact of race and
ethnicity on recurrence of AF after a single AF abla-
tion procedure. They found no significant differences
in rates of early or late recurrences between Whites
and Blacks or within racial groups (34).
Qual i ty of t reatment . Inter- and intra-institutional
differences in the quality of management of AF be-
tween racial and ethnic minority participants may
have affected outcomes. For example, if some centers
were more proficient in optimizing control of

https://clinicaltrials.gov/ct2/show/NCT00000556
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FIGURE 2 Kaplan-Meier Estimates of Total Mortality Among Racial and Ethnic Minorities
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comorbidities or AF risk factors such as hypertension,
sleep apnea, weight loss, and diabetes, this could
produce differential outcomes in racial and ethnic
subgroups that could be masked in the context of
randomization.

The SMASH-AF (Systematic Review and Meta-
analysis of Ablation Strategy Heterogeneity in AF)
study was conducted to describe geographic and
racial representation and single-procedure ablation
success rates by country. The authors searched
PubMed, Scopus, and Cochrane databases from
January 1, 1990, to August 1, 2016, for trials and
observational studies reporting AF ablation out-
comes. The analysis cohort included 306 studies
(49,227 participants) from 28 countries. Reporting of
race or ethnicity demographics and outcomes was
rare (1 study, 0.3%) and reporting of outcomes was
nonexistent (3). Given the paucity of data on out-
comes for racial and ethnic minorities undergoing
catheter ablation, the CABANA data fills a critical gap
in the AF literature.
STUDY LIMITATIONS. First, because of the small
number of individuals in each racial and ethnic mi-
nority group represented in the NA CABANA
population, we combined racial and ethnic minority
groups for the analysis. However, there is no medical/
physiological basis for this grouping. Furthermore,
cultural differences that could affect social de-
terminants of health as well as approaches to care
delivery may vary importantly between the racial and
ethnic minority groups represented. Such differences
may have been obscured by pooling under-
represented racial and ethnic groups into one broad
category. This shortcoming notwithstanding, this is
the largest cohort racial and ethnic participants in a
randomized trial examining catheter ablation as a
management strategy for AF, and the findings should
be interpreted in this context. Second, owing to the
small sample size, chance may have produced
spurious results for the subgroup analyses and
interaction testing. Third, as with many randomized
clinical trials, participants who were enrolled in
CABANA include a selected group of individuals who
meet specific inclusion and exclusion criteria. The
findings may not be directly generalizable to non–trial
participants, particularly those undergoing catheter
ablation (35). This may be especially relevant to racial
and ethnic minority participants, who historically



FIGURE 3 First Recurrence of Atrial Fibrillation After a Blanking Period Among Racial and Ethnic Minorities
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have been underrepresented in clinical trials (36).
Fourth, the possibility exists that the unexpected
higher mortality rate in the racial and ethnic minority
drug arm patients may represent, at least in part, an
adverse interaction between one or more rhythm
control drugs, hypertensive myocardial disease, and
symptomatic HF. Our sample size is too small to allow
the interaction of these factors to be evaluated.
Rhythm control drug adherence is a potential
confounder that was not measured in CABANA. This
factor could also be different between racial and
ethnic minorities and nonminorities and may have
affected the study results. However, to our knowl-
edge there are no published data that suggest that
racial and ethnic minorities in clinical trials have
different adherence/compliance to medical therapies
compared with nonminorities. Fifth, the unexpect-
edly low AF burden at baseline among minority pa-
tients in the drug therapy arm who used the CABANA
Box system (Figure 4A) is likely an artifact of the small
numbers of subjects represented and higher rates of
missing baseline data. This pattern was not seen in
the larger nonminority group (Figure 4B), which
supports the conclusion that the imbalance is an
artifact. If those baseline data for the racial and ethnic
minority subgroup are disregarded, the AF burden
pattern in follow-up is consistent with the experience
in CABANA overall and shows that racial and ethnic
minorities can expect a substantially greater AF
burden reduction with ablation over drug therapy.

CONCLUSIONS

In a racially and ethnically diverse population of
participants with AF, catheter ablation, compared
with drug therapy, in racial and ethnic minorities
resulted in clinically meaningful reductions in the
primary endpoint of death, disabling stroke, severe
bleeding, and cardiac arrest, as well as in all-cause
mortality. These clinical benefits were not seen in
nonminority participants and appear to be due pri-
marily to worse mortality outcomes in racial and
ethnic minority participants randomized to the drug
therapy arm.



FIGURE 4 Atrial Fibrillation Burden in Patients Who Used the CABANA-Box by Time and Randomization Assignment
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND

PROCEDURAL SKILLS: Catheter ablation is safe

and possibly more effective than antiarrhythmic drug

therapy alone for patients from racial and ethnic mi-

nority groups with atrial fibrillation.

TRANSLATIONAL OUTLOOK: Further studies are

needed to confirm these findings, which derive from a

subgroup analysis of a randomized trial, and to iden-

tify the reasons members of certain racial and ethnic

minority groups experience poor outcomes during

antiarrhythmic drug therapy for atrial fibrillation.
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