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Aims There is little evidence of beta-blocker treatment benefit in patients with heart failure and reduced left ventricular
ejection fraction (HFREF) and atrial fibrillation (AF). We investigated the effects of bucindolol in HFREF patients
with AF enrolled in the Beta-blocker Evaluation of Survival Trial (BEST).

Methods
and results

A post-hoc analysis of patients in BEST with and without AF was performed to estimate the effect of bucindolol on
mortality and hospitalization. Patients were also evaluated for treatment effects on heart rate and the influence of
beta1-adrenergic receptor position 389 (b1389) arginine (Arg) vs. glycine (Gly) genotypes. In the 303/2708 patients
in AF, patients receiving bucindolol were more likely to achieve a resting heart rate ≤80 b.p.m. at 3 months
(P , 0.005) in the absence of treatment-limiting bradycardia. In AF patients and sinus rhythm (SR) patients who
achieved a resting heart rate ≤80 b.p.m., there were beneficial treatment effects on cardiovascular mortality/cardio-
vascular hospitalization [hazard ratio (HR) 0.61, P ¼ 0.025, and 0.79, P ¼ 0.002]. Without achieving a resting heart
rate ≤80 b.p.m., there were no treatment effects on events in either group. b1389-Arg/Arg AF patients had nominally
significant reductions in all-cause mortality/HF hospitalization and cardiovascular mortality/hospitalization with bucin-
dolol (HR 0.23, P ¼ 0.037 and 0.28, P ¼ 0.039), whereas Gly carriers did not. There was no evidence of diminished
heart rate response in b1389-Arg homozygotes.

Conclusion In HFREF patients with AF, bucindolol was associated with reductions in composite HF endpoints in those who
achieved a resting heart rate ≤80 b.p.m. and nominally in those with the b1389-Arg homozygous genotype.
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Introduction
Atrial fibrillation (AF) occurs in 10–40% of patients with chronic
HF (HF) and has been associated with poor outcomes including

death and HF progression in patients with reduced1– 5 (HFREF)
or preserved6 (HFPEF) left ventricular ejection fractions (LVEFs).
In HFREF, beta-blocker therapy is associated with improved out-
comes and ventricular reverse remodelling,7– 12 but there is little
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evidence of benefit if AF is also present. Retrospective analyses of
patients with AF in the Cardiac Insufficiency Bisoprolol Study
(CIBIS) II,13 the Metoprolol CR/XL Randomization Intervention
Trial in Chronic Heart Failure (MERIT-HF),14 or the Nebivolol
Intervention on Outcomes and Rehospitalization in Seniors with
Heart Failure (SENIORS)15 trials revealed no evidence of reduc-
tion in the respective primary endpoints by any of the beta-
blockers tested, in contrast to effects in patients in sinus rhythm
(SR). An analysis of the US Carvedilol Heart Failure Trials
Program showed improvements in LVEF, but reductions in heart
rate and mortality were not significant.16 Carvedilol was superior
to metoprolol in reducing mortality in AF patients in the Carvedilol
or Metoprolol European Trial (COMET),3 but there was no
placebo control and the degree of beta1-adrenergic receptor
(b1-AR) blockade was not comparable in the two arms.17 A
propensity-matched study in the Beta-Blocker Evaluation of Sur-
vival Trial (BEST) comparing patients with a history of AF with
matched controls without AF suggested that bucindolol may
reduce time to first HF hospitalization in AF patients compared
with those in SR, but all-cause mortality was not affected, and
treatment effects within rhythm subgroups were not presented.18

Furthermore, in a recent study, carvedilol had little effect on heart
rate in elderly HFREF patients with AF and the b1-AR position 389
(b1389)-arginine (Arg) homozygous genotype,19 and another study
showed that beta-blockers have less effect on rate reduction in AF
patients with this genotype compared with b1389-glycine (Gly)
carriers,20 suggesting that the effects of beta-blockers in AF
patients may be pharmacogenetically influenced.

We conducted a retrospective analysis of BEST to estimate the
effect of bucindolol within AF and SR subgroups, including the in-
fluence of the b1389 genotype. BEST investigated the use of the
non-selective beta-blocker/sympatholytic agent bucindolol in
HFREF patients who had advanced, New York Heart Association
(NYHA) class III or IV HF. Patients in the placebo arm had an
annual mortality of 17% and overall mortality of 33% over an
average of 2 years follow-up.21,22 Because of its potent sympatho-
lytic properties23 and relative lack of bradycardia-related side
effects,22,24,25 we hypothesized that bucindolol would be safe
and efficacious in HFREF patients with AF, provide adequate ven-
tricular rate (VR) control, and that, due to its selective inhibitory
effects on b1389 arginine receptors, it would be at least as effective
in AF patients with the b1389-Arg/Arg genotype as compared with
Gly carriers.

Methods

BEST trial design and definitions
The design and primary results of BEST have been published previous-
ly.21,25 BEST enrolled 2708 patients with an LVEF ≤ 35% and NYHA
class III or IV symptoms who were double-blind randomized to
receive bucindolol or placebo. Enrolment was stratified based on
LVEF (.20% vs. ≤ 20%), gender, ethnicity (black vs. non-black), and
presence of coronary artery disease. b1389 genotype was determined
in 1040 patients enrolled in a DNA substudy as described previous-
ly.26,27 Diagnosis of AF and resting VR were determined using baseline
electrocardiogram (ECG). HF endpoints examined were the BEST
primary endpoint of time to all-cause mortality and the secondary

endpoints of time to first all-cause mortality or HF hospitalization,
time to first cardiovascular mortality or cardiovascular hospitalization,
and all-cause hospital days/patient. Hospitalizations were classified by an
adjudication committee as described previously.28 Non-HF endpoints
were change in VR on follow-up ECG at 3 months, achievement of
rate control defined in this study as a resting VR of ≤ 80 b.p.m. on
ECG at 3 months29,30 in the of absence of symptomatic bradycardia
during the first 7 months of enrolment (1 month of up-titration
+ 6 months follow-up on high dose study medication), and change in
venous norepinephrine level at 3 months. HF endpoints and hospital
days/patient were analysed with respect to the study definition of rate
control in both AF and SR patients. Holter monitoring and exercise
testing were not performed. All-cause mortality/HF hospitalization,
cardiovascular mortality/cardiovascular hospitalization, and rate control
analyses were also conducted in the DNA substudy according to
b1389 genotype. All-cause mortality was not analysed in the DNA sub-
study due to the small number of events (n¼ 25 in the AF group).

Measurement of beta1- adrenergic receptor
position 389 Arg/Gly polymorphisms
Amino acid position 389 Arg or Gly b1-AR polymorphisms were mea-
sured as previously described.31 Genotypes analysed were the major
allele homozygote Arg/Arg vs. the combination of heterozygotes and
Gly homozygotes (Gly carriers).

Statistical analyses
Student’s t-test and the x2 test were used for continuous and categor-
ical variables to identify differences in baseline characteristics. The
log-rank test was used to compare treatment group rates of HF end-
points within the AF and SR subgroups and according to b1389 geno-
type within each subgroup. Kaplan–Meier curves were generated, and
Cox proportional hazards models were used to estimate hazard ratios
and 95% confidence intervals (CIs) between bucindolol and placebo.
All Cox proportional hazards models were adjusted for the four ran-
domization stratification variables. A test for interaction between base-
line rhythm and treatment arm was also performed. Achievement of
study-defined rate control was compared between treatment arms
using the x2 test. Total hospital days/patient, changes in norepinephrine
levels, and changes in VR at 3 months according to rhythm status,
treatment arm, and genotype were evaluated using the Wilcoxon
rank sum test. A P-value ,0.05 was considered significant.

Results

Baseline characteristics
At randomization, 303/2708 (11.1%) patients were in AF, 2176
(80.4%) were in SR, and 229 (8.5%) had other rhythms or
missing data. Baseline characteristics of SR and AF patients are
shown in Table 1 (patients with other rhythms/missing data are
not shown). Compared with SR, AF patients were older, more
likely to be male, less likely to be black, and less likely to have a
history of hypertension, diabetes mellitus, or previous coronary
artery interventions. AF patients had a longer duration of HF and
more severe symptoms, were more likely to be hypervolaemic,
had a higher LVEF and serum creatinine, and had a lower body
mass index, heart rate, and diastolic blood pressure. Norepineph-
rine levels were higher in AF patients than SR patients (624+ 446
vs. 496+320 pg/mL, respectively, P , 0.0001), and there was no
difference in the frequency of the b1389-Arg/Arg genotype
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between AF and SR patients (52/111 or 46.8% vs. 402/846 or
47.5%, P ¼ 0.89). The mean bucindolol dose in mg/day was
120+ 69 in AF and 125+ 64 in SR (P ¼ 0.39). Data regarding
concomitant medications are also found in Table 1. Most patients
were on angiotensin-converting enzyme inhibitors, and a large pro-
portion (.90%) of both AF and SR patients were on digoxin. SR
patients were more likely to be on vasodilators, statins, and
aspirin, while AF patients were more likely to be on oral anticoa-
gulation. Few patients in either group were on spironolactone,
calcium channel blockers, or other antiarrhythmics.

Outcome analyses
Clinical endpoints—entire cohort
Kaplan–Meier curves for HF endpoints are shown in Figure 1. In
patients with SR, bucindolol was associated with significant reduc-
tions in all-cause mortality/HF hospitalization and cardiovascular
mortality/cardiovascular hospitalization, with a trend (P ¼ 0.085)
for a reduction in all-cause mortality. In the smaller sample size
AF patients, hazard ratios for HF endpoints were numerically
similar to those in SR patients but with higher P-values ( ≥ 0.16)
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Table 1 Baseline characteristics

Characteristic Active atrial fibrillation Sinus rhythm

Placebo (n 5 157) Bucindolol (n 5 146) Placebo (n 5 1086) Bucindolol (n 5 1090)

Age (years+ SD)‡ 65.5+10.3 65.7+11.7 59.0+12.2 58.8+12.4

Female‡ 11 (7%) 18 (12%) 279 (26%) 252 (23%)

Black‡ 19 (12%) 19 (13%) 259 (24%) 283 (26%)

Ischaemic aetiology 85 (54%) 84 (58%) 632 (58%) 638 (59%)

Previous MI 67 (43%) 62 (42%) 464 (43%) 462 (42%)

Coronary angioplasty† 13 (8%) 17 (12%) 187 (17%) 170 (16%)

AF history‡ 152 (97%) 141 (97%) 112 (10%) 141 (13%)

Ventricular arrhythmia 11 (7%) 19 (13%) 102 (9%) 100 (9%)

Hypertension† 81 (52%) 82 (56%) 642 (59%) 659 (60%)

Diabetes‡ 37 (24%) 45 (31%) 384 (35%) 423 (39%)

Previous smoker 83 (53%) 90 (62%) 603 (56%) 576 (53%)

CHF duration (months+ SD)‡ 64.7+57.1 51.7+43.0* 48.2+47.8 46.3+45.9

NYHA class†

III 141 (90%) 129 (88%) 1005 (93%) 1005 (92%)

IV 16 (10%) 17 (12%) 81 (7%) 85 (8%)

Heart rate (b.p.m.+ SD)‡ 80+14 79+14 83+13 83+14

Systolic BP (mmHg+ SD) 117.1+17.8 117.8+17.9 117.4+17.8 117.3+18.5

Diastolic BP (mmHg+ SD)† 69.5+11.1 70.4+11.4 71.4+10.9 71.6+11.5

Body mass index (kg/m2+ SD)† 27.7+5.9 27.4+5.1 28.2+6.1 28.3+6.1

Euvolaemica‡ 77 (49%) 86 (59%) 718 (66%) 713 (65%)

LVEF (%+ SD)† 23.7+7.2 24.1+6.9 23.0+7.2 22.8+7.3

RVEF (%+ SD) 32.3+11.3 35.0+12.0 35.7+14.1 35.0+13.8

Norepinephrine (pg/mL+ SD)‡ 639+383 608+508 477+303 510+335

Creatinine (mg/dL+ SD)‡ 1.4+0.4 1.3+0.4 1.2+0.4 1.2+0.4

Medication

ACE inhibitor 155 (99%) 142 (97%) 1075 (99%) 1076 (99%)

Vasodilator† 48 (41%) 59 (40%) 482 (44%) 467 (43%)

Spironolactone 8 (5%) 2 (1%) 32 (3%) 34 (3%)

Calcium channel blocker 1 (1%) 1 (1%) 4 (,1%) 9 (1%)

Antiarrhythmic agent 2 (1%) 5 (3%) 23 (2%) 35 (3%)

Digoxin 149 (95%) 139 (95%) 995 (92%) 1006 (92%)

Statin‡ 26 (17%) 18 (12%) 300 (28%) 292 (27%)

ASA‡ 28 (18%) 28 (19%) 530 (49%) 511 (47%)

Oral anticoagulant‡ 135 (86%) 120 (82%) 395 (36%) 392 (36%)

ACE, angiotensin-converting enzyme; AF, atrial fibrillation; ASA, acetylsalicylic acid; BP, blood pressure; CHF, congestive heart failure; LVEF, left ventricular ejection fraction; MI,
myocardial infarction; NYHA, New York Heart Association; RVEF, right ventricular ejection fraction; SD, standard deviation; SR, sinus rhythm.
AF vs. SR comparisons: †P , 0.05, ‡P , 0.001.
Treatment group comparisons within AF and SR groups: *P , 0.05, **P , 0.001.
aEuvolaemia defined as absence of jugular venous distension, peripheral oedema, hepatomegaly, or rales.
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Figure 1 (A) All-cause mortality by rhythm status and treatment group. (B) All-cause mortality/heart failure by rhythm status and treatment
group. (C) Cardiovascular hospitalization or mortality by rhythm status and treatment group.
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that did not approach statistical significance. Interactions between
treatment arm and rhythm status were non-significant for all three
endpoints. Total hospital days/patient were not significantly differ-
ent between bucindolol and placebo arms in either the AF (16.4+
2.5 vs. 19.3+ 3.0 days, risk ratio ¼ 0.85, P ¼ 0.24) or the SR
cohorts (12.3+0.6 vs. 14.9+ 0.8 days, risk ratio ¼ 0.83, P ¼
0.057).

Heart rate effects—entire cohort
The VR at baseline and 3 months, and study-defined rate control
status at 3 months are shown in Table 2 by baseline rhythm and
treatment group. Bucindolol was associated with highly significant
reductions in VR in the AF group when corrected for changes in
the placebo groups (bucindolol – placebo heart rate in AF
group ¼ –9.1 b.p.m., SR group ¼ –7.9 b.p.m., AF vs. SR P ¼
0.43). At month 3, 92/138 (66.7%) AF patients receiving bucindolol
and 74/150 (49.3%) patients receiving placebo achieved the study
definition of rate control (relative risk ¼ 1.35, 95% CI 1.11–1.65,
P ¼ 0.003). Among AF patients receiving bucindolol, 32/146
patients (21.9%) had bradycardia events resulting in 3 (2.1%) treat-
ment withdrawals. In comparison, 16/157 patients in the placebo
arm had bradycardia events (10.2%, P ¼ 0.005 vs. bucindolol)
resulting in 2 (1.3%) withdrawals (P ¼ 0.59 vs. bucindolol). A
total of 16/131 (12.2%) AF patients receiving bucindolol and 13/
144 (9.0%) AF patients receiving placebo had converted to SR
by their last available ECG (P ¼ 0.39).

Outcomes as a function of successful rate control—entire
cohort
Hazard ratios for HF endpoints by treatment arm and the study-
defined rate control at 3 months are given in Table 3 for AF
patients compared with SR patients. Among AF patients who
achieved study-defined rate control, 30/92 (32.7%) and 34/74
(45.9%) died in the bucindolol and placebo arms, respectively
(hazard ratio ¼ 0.62, 95% CI 0.36–1.06, P ¼ 0.077), compared
with 178/756 (23.5%) and 155/555 (27.9%) SR patients who
achieved study-defined rate control (P ¼ 0.14). In patients who
achieved study-defined rate control, there were significant
decreases in cardiovascular mortality/cardiovascular hospitalization
and in all-cause mortality/HF hospitalization associated with bucin-
dolol in both AF and SR patients. For total hospital days/patient,

only SR patients who achieved study-defined rate control had a sig-
nificant reduction in the bucindolol group. There were no reduc-
tions in any HF outcomes for either AF or SR patients who did
not achieve study-defined rate control.

Outcomes by b1389 Arg/Gly genotype
Hazard ratios for HF endpoints for the entire cohort and by b1389
genotype are shown in Figure 2. Bucindolol was associated with
substantial reductions in all-cause mortality/HF hospitalization
(hazard ratio ¼ 0.23) and cardiovascular mortality/cardiovascular
hospitalization (hazard ratio ¼ 0.28) in AF patients with the
b1389-Arg/Arg genotype that were significant according to
P-values in log-rank analysis (P ¼ 0.037 and P ¼ 0.039, respective-
ly) but not according to Cox proportional hazards analysis (95% CI
0.05–1.04 and 0.08–1.01, respectively). In contrast, there was no
evidence of benefit in Gly carriers for either all-cause mortality/
HF hospitalization or cardiovascular mortality/cardiovascular hos-
pitalization (hazard ratio ¼ 1.07, P ¼ 0.89; and hazard ratio ¼
1.52, P ¼ 0.43, respectively). Among SR patients, there was a sig-
nificant reduction in cardiovascular mortality/cardiovascular hospi-
talization events in the b1389-Arg/Arg group but not in the Gly
carriers (hazard ratio ¼ 0.73, 95% CI 0.55–0.99, P ¼ 0.039 vs.
hazard ratio ¼ 0.99, 95% CI 0.75–1.30, P ¼ 0.93).

Changes in heart rate from baseline to 3 months are shown in
Figure 3 according to rhythm status, treatment group, and b1389
genotype. The difference between bucindolol and placebo VR
change at 3 months was greater for b1389-Arg/Arg compared
with Gly carrier AF patients (bucindolol – placebo difference of
–14.7 and –8.7 b.p.m., respectively) but the difference was not sig-
nificant (P ¼ 0.32). Small numbers of patients and events in the AF
genotype groups precluded a comparison of treatment effects in
subjects with or without study-defined rate control. A total of 5/
51 (9.8%) b1389-Arg/Arg patients with AF converted to SR com-
pared with 9/57 (15.8%, P ¼ 0.40) Gly carriers. There were no
treatment effects on conversion from AF to SR in either genotype
(Arg/Arg bucindolol vs. placebo ¼ 9.1% vs. 10.3%, P ¼ 0.88; and
Gly carrier bucindolol vs. placebo ¼ 16.0% vs. 15.6%, P ¼ 0.97).

Treatment effect on systemic norepinephrine levels
Bucindolol was associated with a significant reduction in venous
norepinephrine levels at 3 months compared with placebo in SR
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Table 2 Heart rate and achievement of study definition of rate control according to rhythm status and treatment group

Baseline rhythm
status

Treatment
arm

Baseline Month 3 D heart rate at
month 3

P-value, D from
baseline

Mean+++++SD
(n)

Mean+++++SD (n) Rate controlled

Atrial fibrillation Placebo 80+14 (157) 81+15 (149) 74/150 (49%) 2.2+1.1 0.02

Bucindolol 79+14 (146) 70+13 (138)** 92/138 (67%)** –6.9+1.3** ,0.0001

Sinus rhythm Placebo 83+13 (1086) 80+13 (1021) 555/1021 (54%) –2.0+0.4 ,0.0001

Bucindolol 83+14 (1090) 73+12 (1008)** 756/1008 (75%)** –9.9+0.4** ,0.0001

Rate-controlled ventricular rate ≤80 b.p.m at month 3, no bradycardia adverse events through month 7.
Treatment group comparisons within rhythm subgroups: *P , 0.05, *P , 0.005.
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Table 3 Outcomes according to study definition of rate control at 3 months

Rate control subgroups Placebo, n (%) Bucindolol, n (%) Hazard ratio (95% CI) Log-rank P-value

All-cause mortality

Atrial fibrillation

Ventricular rate control 34/74 (46%) 30/92 (33%) 0.62 (0.36–1.06) 0.077

Not rate controlled 23/76 (30%) 11/46 (24%) 1.13 (0.51–2.49) 0.761

Sinus rhythm

Heart rate control 155/555 (28%) 178/756 (24%) 0.85 (0.68–1.05) 0.135

Not rate controlled 138/467 (30%) 83/256 (32%) 0.97 (0.74–1.28) 0.839

All-cause mortality/heart failure hospitalization

Atrial fibrillation

Ventricular rate control 47/74 (64%) 47/92 (51%) 0.72 (0.46–1.10) 0.129

Not rate controlled 49/76 (64%) 24/46 (52%) 0.92 (0.53–1.58) 0.750

Sinus rhythm

Heart rate control 285/555 (51%) 322/756 (43%) 0.78 (0.66–0.91) 0.002

Not rate controlled 252/467 (54%) 135/256 (53%) 0.90 (0.72–1.11) 0.323

Cardiovascular mortality/cardiovascular hospitalization

Atrial fibrillation

Ventricular rate control 49/74 (66%) 47/92 (51%) 0.61 (0.40–0.95) 0.025

Not rate controlled 50/76 (66%) 26/46 (57%) 1.06 (0.62–1.80) 0.833

Sinus rhythm

Heart rate control 318/555 (57%) 358/756 (47%) 0.79 (0.67–0.92) 0.002

Not rate controlled 271/467 (58%) 163/256 (64%) 1.09 (0.89–1.33) 0.408

Total hospital days (mean+ SE)

Atrial fibrillation

Rate control 22+5.9, n ¼ 74 17+3.5, n ¼ 92 D ¼ –5.2 0.127

Not rate controlled 17+2.2, n ¼ 76 16+3.7, n ¼ 46 D ¼ –0.9 0.132

Sinus rhythm

Heart rate control 14+1.2, n ¼ 555 11+0.7, n ¼ 756 D ¼ –3.7 0.021

Not rate controlled 16+1.2, n ¼ 467 18+1.7, n ¼ 256 D ¼ 1.2 0.508

Norepinephrine change, 3 months (mean+ SE)

Atrial fibrillation

Rate control 87+7.7, n ¼ 54 –22+4.3, n ¼ 65 D ¼ –108.5 0.029

Not rate controlled –37+6.2, n ¼ 54 –50+27, n ¼ 31 D ¼ –12.8 0.800

Sinus rhythm

Heart rate control 23+14.1, n ¼ 373 –67+0.5, n ¼ 519 D ¼ –89.3 ,0.0001

Not rate controlled 28+17.4, n ¼ 304 –128+2.6, n ¼ 155 D ¼ –155.5 ,0.0001

Figure 2 Treatment effect of bucindolol on composite heart failure outcomes according to baseline rhythm status and b1389 genotype.
ACM, all-cause mortality; CVH, cardiovascular hospitalization; CVM, cardiovascular mortality; HFH, heart failure hospitalization.
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patients (–82+12 vs. 25+11 pg/mL, P , 0.0001), but not in AF
patients (–31+ 54 vs. 27+37 pg/mL, P ¼ 0.38). Norepinephrine
levels at 3 months decreased significantly in AF patients who
achieved study-defined rate control receiving bucindolol vs.
placebo (difference ¼ –108 pg/mL, P ¼ 0.029), but not in patients
who failed to achieve study-defined rate control (–13 pg/mL, P ¼
0.80). However, the difference in norepinephrine change between
rate control groups was not significant (P ¼ 0.65). SR patients had
significant decreases in norepinephrine regardless of achievement
of study-defined rate control (rate control bucindolol – placebo
difference ¼ –90 pg/mL vs. non-rate control difference ¼ –156
pg/mL, P ,0.0001 for both), and there was no difference in
3-month change in norepinephrine levels between SR patients re-
ceiving bucindolol who achieved study-defined rate control and
those who did not (P ¼ 0.14).

Discussion

BEST trial—entire cohort
In this retrospective analysis of BEST, we found that compared
with placebo bucindolol was associated with treatment effects in
AF patients that were not obviously quantitatively different from
those in patients in SR, who had significant respective reductions
in the combined endpoint of all-cause mortality or first hospitaliza-
tion and cardiovascular mortality or first cardiovascular hospitaliza-
tion of 21% and 16%. In AF patients, bucindolol was associated
with a significantly greater likelihood of achievement of rate

control, defined in this study as a resting heart rate ≤ 80 b.p.m.
in the absence of bradycardia-related side effects, compared with
placebo. In the study-defined rate control population, bucindolol
was also associated with significant reductions in the combined
endpoint of time to cardiovascular mortality/cardiovascular hospi-
talization. Furthermore, the salutary effect of bucindolol on study-
defined rate control was observed in the setting of high rates of
digoxin use (.90%). These findings suggest that bucindolol may
be safe and efficacious in treating AF in the setting of HFREF,
with possible enhancement of benefit in patients with the
b1389-Arg/Arg genotype, and these results warrant further study.

Pharmacogenetic effects by b1389 Arg/
Gly polymorphism
Reductions in all-cause mortality/HF hospitalization and cardiovas-
cular mortality/cardiovascular hospitalization of borderline signifi-
cance were associated with bucindolol for AF patients with the
b1389-Arg/Arg genotype, and reduction in VR was comparable
between b1389-Arg homozygotes and Gly carriers. The b1-AR
Arg389Gly polymorphism results in attenuation of receptor func-
tion, with less adenylyl cyclase activation in response to sympathet-
ic stimulation,26,31,32 less constitutive activity,31,33 and a lower
b1-AR affinity for norepinephrine.32,34 It has been shown that
b1389-Arg homozygotes with HFREF demonstrate a significant re-
duction in HF endpoints with bucindolol, while b1389-Gly carriers
do not.31 For other beta-blockers b1389-Arg homozygotes may
have greater improvements in LVEF compared with b1389-Gly

Figure 3 Change in ventricular rate at 3 months according to treatment group, rhythm status, and b1389 genotype.
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carriers,33,35– 37 but no reduction in clinical endpoints has been
demonstrated.38– 40 The apparently unique ability of bucindolol
to lower HF events in b1389-Arg homozygotes may be due to
the drug’s sympatholytic properties23,41 impacting the higher nor-
epinephrine affinity of the b1389 Arg receptor,32,34 and/or its
inverse agonist properties reducing constitutive receptor activity.31

The much higher norepinephrine affinity and adrenergic signal
transduction capacity of the Arg389 b1-AR may also protect
patients from excessive sympatholysis34 that has been associated
with increased mortality in b1389-Gly carriers receiving
bucindolol.41 Although treatment effects on HFREF endpoints
in b1389-Arg homozygotes with AF in this analysis were only
nominally significant, the substantial effect size in the setting of a
small sample size suggests that further study of bucindolol in an
adequately powered prospective trial may be warranted in this
b1-AR genotype.

Differences in receptor function between b1389-Arg/Arg and
Gly AR may also have implications for beta-blocker rate control
in AF. It was recently reported that AF patients with the
b1389-Arg/Arg genotype are more resistant to pharmacological
rate control than AF patients with b1389-Gly genotypes, but
only 11% of the patients in that study had HF, and separate
results for beta-blockers vs. other drugs were not reported.20 A
retrospective analysis of the CIBIS in the Elderly Study (CIBIS-ELD)
reported that carvedilol was ineffective for rate control in
b1389-Arg homozygotes, whereas bisoprolol was equally effective
in all b1389 genotypes.19 Healthy patients without AF have shown
a greater reduction in heart rate in b1389-Arg homozygotes com-
pared with Gly carriers in response to beta-blocker treatment,42

whereas HFREF patients in SR have shown no difference in heart
rate response to beta-blockers between b1389-Arg/Arg and Gly
carriers.35– 37 In the current study, there is no evidence that
HFREF patients with the b1389-Arg/Arg genotype receiving bucin-
dolol had a lower likelihood of achieving study-defined rate control
vs. Gly carriers in either AF or SR groups. The discrepancy
between the current and previous studies in the observed effect
of the b1389 genotype on beta-blocker AF rate control may be
related to the unique effects of bucindolol that inhibit b1389-Arg
AR function and lower norepinephrine, or to the under-
representation of HFREF in previous studies. Although these find-
ings must be validated, the contrast between the previous negative
findings in AF patients treated with beta-blockers and the current
study highlights that there may be important differences between
the roles of various beta-blockers in the management of HFREF
patients with AF.

Ventricular rate and heart failure with
reduced ejection fraction
The majority of published evidence suggests that rate control of AF
is equivalent to rhythm control in HF, and that either strategy is
preferable to no treatment.30,43–45 However, it has been argued
that type III antiarrhythmics and other ion channel drugs used to
maintain SR in these studies exert harm,46 especially in HFREF
patients,44 precluding observation of the benefit of maintaining
SR. Furthermore, the optimum target for rate control in HF
has not been established. The results of the Rate Control

Efficacy II Trial (RACE II), which compared a target heart rate
≤ 80 with ≤ 110 and a study that compared heart rate targets
of ≤ 80 and ≤ 100 using the AFFIRM and the Rate Control vs.
Electrical cardioversion (RACe) Trials, respectively, suggest that
stringency of rate control is not associated with improved out-
comes in the general AF population.47,48 A subsequent analysis
of RACE II also showed no difference in atrial or ventricular
remodelling indices between lenient (80–110 b.p.m.) and strict
( ≤ 80 b.p.m.) rate control.49 However, 74.0% of patients enrolled
in AFFIRM had a normal LVEF and only 4.8% had a diagnosis of
‘cardiomyopathy’.29 Furthermore, only 4.9% of patients enrolled
in RACe had a diagnosis of dilated cardiomyopathy, and only
15.1% of patients enrolled in RACE II had an LVEF ≤ 40%.48,50

AF-CHF, the largest trial to examine rate vs. rhythm control in
HFREF which showed equivalence between rate and rhythm
control, defined rate control as a resting heart rate of ≤ 80
b.p.m. similar to the present study, with the additional criteria of
a 6 min walk heart rate of ≤ 110 b.p.m.30 Deleterious effects of
prolonged tachycardia on ventricular function and remodelling
have been well described,51 but their relevance in establishing a
target resting heart rate for HFREF with AF remains unclear.
Results from the Systolic HF treatment with the If inhibitor ivabra-
dine Trial (SHIFT) showed an association between lower heart rate
and improved outcomes in SR patients,52 and the magnitude of
heart rate reduction, irrespective of dose of background beta-
blocker therapy, was the primary determinant of subsequent out-
comes.53 The findings from SHIFT suggest that the magnitude of
heart rate reduction may be important in HFREF patients,
and the subgroup analyses in the present study showing that
benefit appeared limited to patients who achieved a resting heart
rate ≤ 80 b.p.m. suggest that this target may be useful in future
studies of rate-controlling agents in HFREF patients with AF.

Limitations
This was a retrospective analysis, and any findings must be
validated prospectively. BEST was underpowered to detect differ-
ences between outcomes in AF patients receiving bucindolol vs.
placebo, and firm conclusions cannot be drawn from these data.
In addition, the only measures of VR were resting 12-lead ECG
at baseline and at 3 months of follow-up, unlike AFFIRM and
AF-CHF, which also measured VR during either a 6 min walk
test or 24 h Holter monitoring.29,30 Furthermore, bradycardia
was identified based on adverse event reporting and did not
include ambulatory VR monitoring. This could have led to under-
estimation of bradycardia events, though it is unlikely that
treatment-limiting events went unreported. Finally, the classifica-
tion of AF was based on the baseline ECG, and thus intermittent
or paroxysmal AF could not be excluded. These limitations
could be addressed with a prospective clinical trial using
pre-specified definitions of permanent AF, rate control, and HF
endpoints powered sufficiently to detect differences in HF end-
points between treatment arms and according to b1389 genotype.

Conclusions
In patients with AF in BEST, bucindolol was associated with a
reduction in cardiovascular mortality/cardiovascular hospitalization
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in AF patients who achieved a resting heart rate ≤ 80 b.p.m.
without symptomatic bradycardia. In the BEST DNA substudy,
bucindolol was possibly associated (nominal P-values) with a
decrease in all-cause mortality/HF hospitalization or cardiovascular
mortality/cardiovascular hospitalization in patients who had the
b1389-Arg/Arg genotype. The likelihood of achieving defined
rate control was increased in AF patients receiving bucindolol,
and patients who were b1389-Arg/Arg genotype exhibited no
evidence of resistance to heart rate reduction. These data
suggest that bucindolol may be an effective, safe choice for HF
event rate reduction and VR control of AF in HFREF, and
further studies are warranted.
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