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Heart Rate and Cardiac Rhythm Relationships With Bisoprolol
Benefit in Chronic Heart Failure in CIBIS |l Trial

Philippe Lechat, MD, PhD; Jean-Sébastien Hulot, MD; Sylvie Escolano, MD, PhD; Alain Mallet, PhC
Alain Leizorovicz, MD, PhD; Marie Werhlen-Grandjean, MD; Gilbert Pochmalicki, MD;
Henry Dargie, MD; on behalf of the CIBIS Il Investigators

Background—p-Blockade—induced benefit in heart failure (HF) could be related to baseline heart rate and treatme
induced heart rate reduction, but no such relationships have been demonstrated.

Methods and Results-In CIBIS I, we studied the relationships between baseline heart rate (BHR), heart rate change:
2 months (HRC), nature of cardiac rhythm (sinus rhythm or atrial fibrillation), and outcomes (mortality ar
hospitalization for HF). Multivariate analysis of CIBIS Il showed that in additiog4alocker treatment, BHR and HRC
were both significantly related to survival and hospitalization for worsening HF, the lowest BHR and the greatest H
being associated with best survival and reduction of hospital admissions. No interaction between the 3 variables
observed, meaning that on one hand, HRC-related improvement in survival was similar at all levels of BHR, and on
other hand, bisoprolol-induced benefit over placebo for survival was observed to a similar extent at any level of k
BHR and HRC. Bisoprolol reduced mortality in patients with sinus rhythm (relative risk ®5®8,.001) but not in
patients with atrial fibrillation (relative risk 1.18=NS). A similar result was observed for cardiovascular mortality and
hospitalization for HF worsening.

Conclusions—BHR and HRC are significantly related to prognosis in heart failgr&lockade with bisoprolol further
improves survival at any level of BHR and HRC and to a similar extent. The benefit of bisoprolol is questionab
however, in patients with atrial fibrillation(Circulation. 2001;103:1428-1433.)

Key Words: heart failurem bisoprolol m receptors, adrenergic, besafibrillation m heart rate

he benefit of treatment witB-blockers in heart failure is ~ and outcomes (survival and hospitalization for heart failure)
now well established, in view of the concordant results of in CIBIS II.3

several clinical trials with different compounést The am-

plitude of benefit may vary, however, according to the Methods

baseline characteristics of patients and the pharmacological

properties off-blockers, as suggested by the results of the Population and Studied Parameters

BEST trial with bucindolok Possible relationships between Demography and the main results of the CIBIS Il trial have been

heart rate change, left ventricular function improvement, and published® Patients could be divided at inclusion into 3 groups

. . . . according to the nature of their cardiac rhythm: sinus rhythm, atrial
prognosis were suggested by the first CIBIS tiaExperi- fibrillation, and a third, small group including patients not in sinus

mental data-have ShOVYn that tBebIogker—induced benefit  hythm but with supraventricular arrhythmias other than atrial
for left ventricular function in heart failure could depend on fiprillation or with pacemakers. The third, much smaller group of
only heart rate reduction. other cardiac rhythms, 108 patients in CIBIS Il (4%), was excluded

To further study the mechanism gtblockade benefit in from this analysis. These patients behaved similarly to patients in
heart failure and to identify the best responders to such Sinus rhythm.

. . . - _ Heartrate was measured at baseline and during follow-up visits by
therapy, we studied the relationships between baseline pa pulse rate measurement (especially in atrial fibrillation) or on ECG

rameters (including the level and nature of cardiac rhythm: recording at rest in the supine position. Each recorded value of heart

sinus rhythm or atrial fibrillation), bisoprolol-induced hemo-  rate and blood pressure was the mean of 3 measurements at eac
dynamic changes with time (especially heart rate changes),visit. Blood pressure was measured by use of a sphygmomanometer
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TABLE 1. Baseline Characteristics of Patients From CIBIS Il Study

Placebo (n=1268)

Bisoprolol (n=1271)

Sinus Rhythm

Atrial Fibrillation

Sinus Rhythm

Atrial Fibrillation

(n=1004) (n=264) (n=1014) (n=257)
Age, yt 61 (22-80) 62 (30-79) 60 (26-80) 63 (27-79)
Male sex 803 (80%) 216 (82%) 809 (80%) 216 (84%)
NYHA class Il 844 (84%) 211 (80%) 854 (84%) 206 (80%)
NYHA class IV 160 (16%) 53 (20%) 160 (16%) 51 (20%)
Documented ischemic heart 559 (55%) 67 (25%) 571 (56%) 67 (26%)
diseaset
Idiopathic dilated cardiomyopathy 118 (11.7%) 33(12.5%) 113 (11.1%) 34 (13.2%)
Valvular diseaset 12 (1.2%) 4 (5.3%) 13 (1.3%) 15 (5.8%)
Hypertension 151 (15%) 42 (15.9%) 165 (16.3%) 45 (17.5%)
LV ejection fraction 27.5% (6) 27.3% (6) 27.5% (6) 27.3% (6)
LV end-diastolic diameter, cm* .8(0.9) .6 (0.9 6.7 (1) 6.6 (0.9)
LV end-systolic diameter, cm .7(0.9 .7 (0.85) 57(1) 5.7 (0.9
LV fractional shortening* 15.8% (5.8) 15% (5.1) 15.7% (5.8) 14.7% (5.3)
Systolic blood pressure, mm Hg* 129.9 (19.5) 132.2 (19.6) 128.8 (18.6) 130.8 (20.7)
Diastolic blood pressure, mm Hg* 79.8 (10.8) 81.5(11.5) 79.2 (11) 80.4 (12.3)
Heart rate, bpmi 78.8 (13.4) 89.7 (19.2) 78.8 (13.4) 85.3(17.8)
Comedication
Diuretic* 998 (99.4%) 262 (99.3%) 1001 (98.7%) 248 (96.5%)
ACE inhibitor 974 (97%) 253 (95.9%) 977 (96.3%) 246 (95.7%)
Digoxint 419 (41.7%) 227 (86%) 452 (44.5%) 213 (82.8%)
Amiodaronet 144 (14.3%) 50 (18.9%) 122 (12%) 47 (18.3%)
Anticoagulantst 262 (26.1%) 128 (48.5%) 246 (24.3%) 128 (49.8%)
Antiplatelet agentst 468 (46.6%) 68 (25.7%) 458 (45.2%) 62 (24.1%)
Calcium antagonist 5(1.5%) 6 (2.2%) 21 (2%) 2 (0.8%)

LV indicates left ventricular. Continuous variables are expressed as mean (SD).
Categorical variables are expressed as absolute numbers (%).
*P<0.05, 1P<0.001, $P<<0.0001, comparison between sinus rhythm and atrial fibrillation groups.

Heart rate and blood pressure changes were those recorded Univariate and multivariate analyses were computed with Cox’s
between baseline and 2 months after inclusion. A similar delay was proportional-hazards regression model. The variables that were
used previously in the CIBIS | studyln CIBIS I, the bisoprolol included in the multivariate analysis were those related to survival in
dose was started at 1.25 mg and increased by 1-week steps to 2.5the univariate analysis at value B&0.10.

3.5, and 5 mg and by 1-month steps to 7.5 and 10 mg. As a complementary analysis, survival curves in the different
subgroups defined by the tertiles of baseline heart rate and heart rate
Multivariate Analyses change at 2 months were compared between placebo and bisoprolo
Relationships between baseline parameters, heart rate change, bloo8ly use of the log-rank test. One-year survivals were those provided
pressure change, and outcomes (all-cause mortality, cardiovasculaty Kaplan-Meier estimates.
mortality, and hospitalization for heart failure worsening) were Heart rate and blood pressure changes between baseline and
studied. Such multivariate analysis, using heart rate and blood months after inclusion were compared between placebo and biso-
pressure changes recorded at 2 months among covariates, thereforgrolol groups by Student'stest in patients surviving at 2 months.
excluded patients who died within the first 2 months after inclusion. All statistical analyses were performed with SAS software.

Study of Hemodynamic Changes Over Time

Heart rate and blood pressure were recorded during each follow-up
visit. In both study treatment groups, we compared heart rate and pemoaraph
blood pressure changes between baseline and 2 months after inclu- grapny
sion in patients in sinus rhythm and in atrial fibrillation.

Results

The demography of patients according to cardiac rhythm and
study treatment group at baseline is presented in Table 1. Few
Statistical Analysis significant differences were found between cardiac rhythm
Comparisons of baseline variables between groups were performedgroups (see Table 1). Patients with atrial fibrillation were

with Student'st tests for continuous variables ang tests for more often treated with digitalis, amiodarone, and anticoagu-

geit%ggélcal variables. The level of significance was set at a value of lants. Among each cardiac rhythm group, no differences were

Kaplan-Meier survival curves were calculated for the placebo and recorded between placebo and bisoprolol groups except for
bisoprolol groups in patients with sinus rhythm and atrial fibrillation. baseline heart rate, which was significantly lower in atrial
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TABLE 2. Multivariate Analysis of Predictive Factors of Mortality and
Hospitalization for Heart Failure Worsening on CIBIS Il Data

Mortality Rehospitalization

Variable P Risk Ratio P Risk Ratio
NYHA class (IV vs Il 0.0001 1.725 0.0001 2.408
Age 0.0001 1.031 0.0001 1.024
Baseline systolic blood pressure 0.0001 0.98 0.0001 0.978
Study treatment: bisoprolol vs placebo

SR patients 0.0003 0.577 0.0005 0.599

AF patients 0.5524 1.161 0.742 0.931
Baseline heart rate 0.0012 1.015 0.0001 1.018
Heart rate reduction (baseline to 2 months) 0.0049 0.988 0.0001 0.982
Sex (men vs women) 0.0117 0.635 0.1258 0.781
LV end-systolic diameter 0.0195 1.167 0.001 1.229
Systolic blood pressure reduction (baseline 0.0394 1.01 0.0001 1.023
to 2 months)
Amiodarone 0.0622 1.365 0.0006 1.692
Digoxin 0.094 1.247 0.0001 1.634
Diastolic blood pressure reduction 0.1075 1.011 0.01611 0.984

(baseline to 2 months)

SR indicates sinus rhythm; AF, atrial fibrillation; and LV, left ventricular. Risk ratios indicate %
change of risk per unit of change of the covariate: For example, risk ratio for mortality of 1.015 for
baseline heart rate means an increase of mortality of 1.5% when baseline heart rate increases by 1
bpm. A risk ratio of 0.98 for heart rate reduction means reduction of mortality of 2% when heart rate
decreases with time (2 months) by 1 bpm. A risk ratio of 1.725 for NYHA (IV vs Ill) means a 72.5%
increase of risk in NYHA class IV compared to NYHA class ll.

fibrillation in patients randomized to bisoprolol than in those rate change, meaning that the benefit of bisoprolol on survival

randomized to placebo (Table 1).

was not influenced by the level of baseline heart rate or by the

Mean doses of bisoprolol were similar in patients with extent of heart rate reduction. In addition, no interaction was
sinus rhythm and atrial fibrillation at the different times found between heart rate change—related survival improve-

during the study (2, 6, 12, and 24 months).

Hemodynamic Changes

ment and baseline heart rate. The nature of cardiac rhythm at
baseline was not related to survival. Survival curves of
placebo groups comparing patients in sinus rhythm with those

Two months after inclusion, heart rate decrease (baseline to 2in atrial fibrillation were completely superimposed. Interac-

months) was 0.213.7 bpm (placebo) and 984.7 bpm

tion between treatment and rhythm, however, was significant

(bisoprolol), P<<0.0001; systolic blood pressure reduction (P<0.01): a benefit of bisoprolol was obtained only in

was 2.3:16.4 mm Hg (placebo) and 4t116.4 mm Hg (biso-

patients with sinus rhythm and was questionable in patients

prolol), P=0.001; and diastolic blood pressure decrease was with atrial fibrillation (Figures 1 and 2). Results are given in

0.9+10.9 mm Hg (placebo) and 2t6810.7 mm Hg (bisopro-

lol), P<0.0001.

Multivariate Analysis

Because patients who died during the first 2 months after
inclusion and patients without sinus rhythm or atrial fibrilla-

tion were excluded from this multivariate analysis, only 2184
patients were included for this analysis, with 282 deaths

during follow-up.

Parameters significantly related to survival in the Cox
multivariate analysis are presented in Table 2. The baseline
heart rate and heart rate change after the first 2 months of
treatment were both significantly related to further survival in

Bisoprolol
09 P

0.8 Placebo Tral

Proportion surviving

0.7

200 400 600 800 1800

both univariate and multivariate analyses. The best prognosis

was obtained with the lowest baseline heart rate and with the

Follow-up duration (days)

greatest heart rate redUCtion_- No inter‘?‘Ction was found be- Figure 1. CIBIS Il survival curves in patients with sinus rhythm
tween study treatment and either baseline heart rate or heartt baseline.
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TABLE 3. One-Year Survival and Hospital Admission Rate for Heart Failure
Worsening in CIBIS Il Trial According to Nature of Cardiac Rhythm

Placebo Bisoprolol
Sinus Atrial Sinus Atrial
CIBIS Il Rhythm Fibrillation Rhythm Fibrillation
One-year survival (all-cause deaths) 0.88 (0.01) 0.90(0.02) 0.94(0.008) 0.91(0.02)
One-year survival (cardiovascular deaths)  0.89 (0.01)  0.90 (0.02) 0.94 (0.008) 0.91 (0.02)
One-year hospitalization rate 0.15(0.01) 0.16(0.02) 0.07 (0.009) 0.15(0.02)

Results are expressed as Kaplan-Meier (SD) estimates.

Table 2. For a patient with sinus rhythm, the treatment was Distribution of Heart Rate Change, Baseline

beneficial (relative risk 0.582=0.0003), but conversely, for ~ Heart Rate, and 1-Year Mortality Estimates

a patient with atrial fibrillation, bisoprolol did not signifi-  (Kaplan-Meier)

cantly influence survival compared with placebo (relative risk Patients were split into 3 tertiles of distribution of baseline
1.16). heart rate and heart rate change at 2 months, obtained in the

Similar results were obtained for cardiovascular deaths and entire population of patients (both treatment groups). The
hospitalizations for heart failure worsening (Tables 2 and 3), limits of the tertiles were=72, between 72 anet84, and>84

with a similar significant interaction between treatment effect PP for baseline heart rate artD (heart rate increases;0

and nature of cardiac rhythm. and <11 (moderate heart rate reduction), ard1 (great
The multivariate analysis also showed that the probability heart ratg reductlon) ppm for hear.t rate change at 2 months.

of death or hospitalization for heart failure worsening de- The distribution of patients according to heart rate change at

o . . . 2 months according to study treatment is given in Figure 3.
creased with increasing values of baseline systolic blood : -
; re but increased when svstolic blood pressure d As expected, the highest amplitude of heart rate decrease wa
pressure crease en syslolic blood Pressure G€-q, o oiten recorded in the bisoprolol group, with no differ-

creased at 2 months. A diastolic blood pressure decrease at nce in dose between the 3 tertiles. Such results, however, ca
months, however, was associated with fewer hospitalizations. be obtained even in patients with a low baseline heart rate.

Digoxin treatment was neutral on mortality but was associ- The highest heart rate reduction with lowest baseline heart
ated with 39% more hospitalizationB<0.001); amiodarone  rate occurred in 8.5% of patients in the bisoprolol group and
treatment appeared to be associated with a poorer prognosisny 1.3% in the placebo group.

(P=0.06) and more frequent hospitalization8<{0.001). Bisoprolol-induced mortality reduction was similar at all
Patients on digoxin at baseline presented with a more alteredjevels of heart rate reduction (Figure 4). These results
left ventricular function, with a higher heart rate, and more demonstrate that for a given heart rate reduction, bisoprolol
often in atrial fibrillation than patients without digoxin treatment further reduced mortality to a similar extent what-
treatment. Patients receiving amiodarone had a slightly more ever the amplitude of heart rate reduction. Probability values
severe alteration of left ventricular function than patients of log-rank tests comparing survival in the 3 tertiles of heart
without amiodarone treatment. Both digoxin and amiodarone rate change wer®<0.04 (heart rate reductioe:11 bpm),
treatments were equally distributed among placebo and biso-P<<0.02 (heart rate reduction between 0 and 11 bpm), and

prolol groups (Table 1). P<0.04 for heart rate increase (heart rate chaxd@ebpm).
Finally, women were at significantly lower risk of death Bisoprolol-induced survival improvement was significant
than men. and similar whatever the levels of baseline heart rates,
1.0 [
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Follow-up duration (days) greater than 11 bpm  between 0 and 11 bpm
Figure 2. CIBIS Il survival curves in patients with atrial fibrilla- Figure 3. Distribution of patients according to heart rate change
tion at baseline. Dashed line indicates placebo; solid line, after 2 months in CIBIS Il trial. Patients were divided into 3 ter-

bisoprolol. tiles of distribution of entire population.
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16 - = BISOPROLOL who were in sinus rhythm at baseline:9.9=14.5 versus
=2 PLACEBO —4.4+15.9 mm Hg,P=0.06 (no such difference was ob-
49 i served in patients of the placebo group).
12 I i . .
Discussion

101 l The major findings reported here in this complementary
: analysis of the CIBIS Il trial are (1) the confirmation of the

prognostic value in heart failure of baseline heart rate and of

heart rate reduction with time (baseline to 2 months), the

One-year mortality (%)
(o> (o]

4l latter being more often obtained witB-blockade; (2) the
similar benefit of bisoprolol compared with placebo whatever
21 the level of heart rate at baseline and whatever the amplitude
o ‘ ‘ , of heart rate change with time; and (3) the heterogeneity of
Heart rate decrease  Heart rate decrease Heart rate increase bisoprolol effect aCCOfding to the nature of cardiac rhythm
=or>11bpm >0and =or <11 bpm . . . .
the benefit of bisoprolol on mortality, cardiovascular mortal-
Figure 4. One-year mortality with SD (Kaplan-Meier estimate) ity, and hospitalization for heart failure was not significant in
according to heart rate change and study treatment group. patients with atrial fibrillation.

Patients were divided into tertiles of distribution of heart rate

change over entire population. Bars indicate SD. Our results therefore confirm that heart rate reduction per

se in patients with heart failure is associated with survival

. . . improvement. Such an effect was, as expected, more often
without interaction between study treatment group and base- g withB-blockade. For a given heart rate reduction

line hegrt rate (tested in the multivariate anglysis, Fi-gure 5). and for any level of baseline heart rate, however, bisoprolol

Probability values of ng-rank tests comparing survival be- ¢, ther improved survival compared with placebo. Such

tween placebo and plsoprolol WgFé=0.0l, P=0.03, ahd results have an important therapeutic impact, because one
P=0.001 for the 3 tertiles of baseline heart rate (from highest 4,14 have hypothesized that the benefiablockade could

to lowest baseline heart rate). have been restricted to heart rate reduction and that suct
. benefit could not be obtained in patients with low baseline

Heart Rate and Blood Pressure Changes With heart rate
Time According t_o Nature of Cardiac One possible link between heart rate reduction and survival
Rhythm at Baseline _ o is the left ventricular function improvement secondary to the
Heart rate reduction at 2 months was slightly but significantly ;,4,,ced reduction of ischemia, which is present to different

lower in the bisoprolol group in patients with atrial fibrilla-  gegrees in dilated ventricles even in the absence of coronary
tion (—8.8+21.5 bpm) than in patients in sinus rhythm at artery disease.

baseline -10.6+12.4 bpm P=0.02). The mean blood pres- oy data clearly indicate, however, that heart rate reduction
sure (systolic and diastolic) decrease at 2 months was similarig not the only mechanism responsible fsblocker—induced
in patients with atrial fibrillation and in patients with sinus  penefit in heart failure. Indeed, such benefit was present even

rhythm. In the bisoprolol group, however, patients in atrial \ithout heart rate reduction, and many other different mech-
fibrillation who later died had a more important systolic ~gnisms have been proposed:

blood pressure decrease at 2 months than those who died but Ng benefit of bisoprolol was observed in patients with

atrial fibrillation. This could have been the result of chance
18 - only, but a very similar trend was also found in the CIBIS |
16 4 ey study. It will be important to see whether this finding is also
observed in other studies, such as MER&hd COPERNI-
CUS. There is no obvious explanation of such heterogeneity
of the effect of bisoprolol according to cardiac rhythm. The
bisoprolol dose was similar in patients in sinus rhythm and in
patients with atrial fibrillation. Survival curves of patients in
the placebo groups were similar between patients in sinus
rhythm and atrial fibrillation, and none of the few baseline
; 5 differences in recorded parameters between patients in sinus
4 ‘ . rhythm and atrial fibrillation could explain such a difference
: of the effect of bisoprolol. Even in the bisoprolol group,
patients in atrial fibrillation had a slightly lower baseline
0 ' ' heart rate, which should have tended to reduce mortality.
S iTabpm  T2cbaselino MR paseline HR > 84 bpm Analysis of heart rate reduction with time showed that it was
slightly lower at 2 months in the bisoprolol group in patients
Figure 5. One-year mortality with SD (Kaplan-Meier estimate) with atrial fibrillation than in those in sinus rhythm. Such
according to baseline heart rate and study treatment group. . . .
Patients were divided into tertiles of distribution of baseline lower heart rate reduction could participate in the loss of
heart rate over entire population. Bars indicate SD. efficacy of bisoprolol in patients with atrial fibrillation, but its

14 4

12 l
10 l

One-year mortality (%)
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amplitude (2 bpm difference) does not appear to be sufficient Here again, comparison and pooling of data from the other
to reasonably explain such a difference. Such results in hearttrials with B-blocker treatment in heart failure would be very
rate are limited, however, by the poor value of the measure of useful to confirm such findings, which appear to be in
heart rate in the presence of atrial fibrillation when only pulse opposition to those of previous randomized studies testing
rate during patient visit is used, and they should be completed digoxin or amiodarone in patients with heart failure.
with a 24-hour Holter monitoring study. Clinical implications of our results are as follows: Patients
The bisoprolol-induced systolic blood pressure decrease with heart failure in sinus rhythm with the initial lowest heart
could play a more deleterious role in some patients with atrial rate and the greatest heart rate reduction with time (2 months)
fibrillation. Indeed, the finding in the bisoprolol group of a Wil have the best prognosis. Bisoprolol-induced benefit over
more important systolic blood pressure decrease at 2 monthsplacebo is obtained to a similar extent, however, whatever the
in patients with atrial fibrillation who subsequently died level of baseline heart rate and whatever the amplitude of
suggests that when bisoprolol decreased blood pressure to tod€art rate reduction with time even when heart rate does not

great an extent{10 mm Hg), such a decrease was more
deleterious in patients with atrial fibrillation than in sinus
rhythm.

In addition to data on heart rate and cardiac rhythm, our
analysis provides complementary information:

Women with heart failure have a better prognosis than
men, but bisoprolol provides similar benefit (no interaction).
This result based on CIBIS Il data was presented in detall
previously!2

Systolic blood pressure, which depends partly on left
ventricular function, was at baseline positively associated

decrease. The best results for survival will then be obtained
with B-blocker treatment when heart rate reduction reaches
the highest level, whatever the baseline heart rate0(bpm
reduction), without marked systolic blood pressure decrease.
To obtain such results for a given patient, dose adjustment
may be required. If heart rate reductiorlO bpm is obtained
with a low dose level, however, such dosage should be
sufficient to improve survival and could be kept low, espe-
cially if systolic blood pressure has decreased.

Additional experiments will be needed to understand the
reduction of the long-term benefit of bisoprolol in patients

with a better prognosis and fewer hospital admissions. Both with atrial fibrillation. It could be partly related to the

systolic and diastolic blood pressure decreased with time but
more importantly in the bisoprolol group than the placebo
group. The systolic blood pressure decrease with time was per

deleterious consequences of a too marked systolic blood
pressure decrease when it occurs ungdalockade in such
patients. A definite therapeutic strategy fe+blocker treat-

se deleterious and associated with a poorer prognosis andnent in these patients will depend on the results of the other

more hospitalizations, but the decrease of diastolic blood
pressure, on the contrary, was beneficial and associated with
fewer hospital admissions without impact on mortality. Inter-
pretation of these data is not obvioygblockade improves
survival but simultaneously decreases both systolic and dia-
stolic blood pressures, which have opposite effects on prog-

nosis or hospitalization. The diastolic blood pressure decrease

could be a consequence of sympathetic tone withdrawal (less
systemic resistance), which should be beneficial, but too great
a systolic blood pressure decrease as an effe@-tbcker

large-scale clinical trials.
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