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Optimization of pharmacotherapy in chronic heart failure:

is heart rate adequately addressed?
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Abstract The aim of the study is to evaluate the use of
beta-blockers in chronic heart failure (CHF) and the extent of
heart rate reduction achieved in clinical practice and to
determine differences in outcome of patients who fulfilled
select inclusion criteria of the SHIFT study according to
resting heart rate modulated by beta-blocker therapy. We
evaluated an all-comer population of our dedicated CHF
outpatient clinic between 2006 and 2010. For inclusion,
individually optimized doses of guideline-recommended
pharmacotherapy including beta-blockers had to be main-
tained for at least 3 months and routine follow-up performed
at our outpatient CHF-clinic thereafter. Treatment dosages
of beta-blockers, and demographic and clinical profiles
including resting heart rate were assessed. The outcome of
patients who fulfilled select inclusion criteria of the SHIFT
study (left-ventricular ejection fraction (LVEF) <35 %,
sinus thythm, NYHA II-IV) and were followed-up for at
least 1 year was stratified according to resting heart
rates: >75 versus <75 bpm and >70 versus <70 bpm. The
composite primary endpoint was defined as all-cause death
or hospital admission for worsening heart failure during
12-month follow-up. In total, 3,181 patients were assessed in
regard to treatment dosages of beta-blockers, and demo-
graphic and clinical profiles including resting heart rate. Of
the overall studied population, 443 patients fulfilled all
inclusion criteria and entered outcome analysis. Median
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observation time of survivors was 27.5 months with 1,039.7
observation-years in total. Up-titration to at least half the
evidence-based target dose of beta-blockers was achieved in
69 % and full up-titration in 29 % of these patients. Patients
with increased heart rates were younger, more often male,
exhibited a higher NYHA functional class and lower LVEF.
The primary endpoint occurred in 21 % of patients in
the >70 bpm group versus 9 % of patients in the group with
heart rates <70 bpm (p <0.01). Likewise, comparing the
groups >75 and <75 bpm, the primary endpoint was sig-
nificantly increased in the group of patients with heart
rates >75 bpm 27 vs. 12.2 %; p < 0.01). 5-year event-free
survival was significantly lower among patients with heart
rates >70 bpm as compared to those with <70 bpm (log-
rank test p < 0.05) and among patients in the >75 bpm
group versus <75 bpm group (log-rank test p < 0.01). In
conclusion, in clinical practice, 53 % of CHF patients have
inadequate heart rate control (heart rates >75 bpm) despite
concomitant beta-blocker therapy. In this non-randomized
cohort, adequate heart rate control under individually opti-
mized beta-blocker therapy was associated with improved
mid- and long-term clinical outcome up to 5 years. As fur-
ther up titration of beta-blockers is not achievable in many
patients, the administration of a selective heart rate lowering
agent, such as ivabradine adjuvant to beta-blockers may pose
an opportunity to further modulate outcome.

Keywords Chronic heart failure - Heart rate -
Beta-blocker - Pharmacotherapy - Cardiovascular outcome
Introduction

A number of beneficial qualities have been attributed to
beta-blockers in the treatment of chronic heart failure
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(CHF). These include the important role of beta-blockers in
the reduction of left-ventricular wall stress, deceleration of
adrenergic drive and improvement of myocardial remod-
eling [1, 2]. The positive effects of beta-blockers on
pathomechanisms are mirrored in their independent effect
on cardiovascular morbidity and mortality next to therapy
with renin—angiotensin—aldosteron system antagonists [3—
7]. Consequently, beta-blockers have entered international
treatment guidelines with a class I recommendation for
high-risk patients after acute myocardial infarction more
than a decade ago and shortly afterwards became estab-
lished pharmacotherapy for non-ischemic etiologies of
CHF as well [8-14].

A considerable amount of experimental and clinical
data suggests that heart rate reduction in general, positively
influences cardiovascular disease [15, 16]. In 2010, the
‘Systolic Heart failure treatment with the I; inhibitor Iva-
bradine Trial’ (SHIFT) demonstrated that heart rate
reduction by the selective sinus-node inhibitor ivabradine
is likewise beneficial for outcome in CHF [17, 18]. Patients
were randomized to ivabradine or placebo if they fulfilled
the following criteria: symptomatic heart failure, left-ven-
tricular ejection fraction (LVEF) <35 %, sinus rhythm
with heart rate >70 beats per minute (bpm), admission to
hospital for heart failure within the previous year, and
guideline-recommended  background pharmacotherapy
including a beta-blocker, if tolerated. Post hoc subgroup
analysis have demonstrated the greatest risk reduction
versus placebo in regard to the primary outcome (com-
posite of cardiovascular death or hospital admission for
worsening heart failure) and secondary endpoints including
all-cause death and cardiovascular death in patients with
baseline heart rates >75 bpm [18]. As a consequence of
this observance, the European Medicines Agency approved
a license extension of ivabradine to include the treatment
of symptomatic, systolic CHF in patients in sinus rhythm
with resting heart rates >75 bpm, in combination with
guideline-adherent pharmacotherapy [19].

In light of the increasing amount of data in favor of
rigorous heart rate reduction and the just recently expanded
indication for ivabradine, the question arises as to which
proportion of CHF patients have increased heart rates
despite individually optimized beta-blocker therapy and
may potentially benefit from ivabradine therapy adjuvant to
beta-blockers. The aim of this study was first to evaluate
the use of beta-blockers in CHF and the extent of heart rate
reduction achieved in clinical practice of a specialized
outpatient CHF-clinic of a university hospital. Secondly, in
accordance to the threshold heart rates detected in the
SHIFT study, to determine differences in outcome of
patients who fulfilled select inclusion criteria of the SHIFT
study with resting heart rates >75 bpm compared to
those <75 and >70 bpm compared to those <70 bpm.
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Methods
Study population

In this present analysis, we evaluated an all-comer popu-
lation of our dedicated CHF outpatient clinic between 2006
and 2010. For inclusion, individually optimized doses of
guideline-recommended pharmacotherapy including beta-
blockers had to be maintained for at least 3 months and
routine follow-up performed at our outpatient CHF-clinic
thereafter. Individually optimized therapy implied up
titration of drug classes to target doses according to pub-
lished guidelines as far as tolerated by the patient. Patients
with acute coronary syndrome and those receiving ivabr-
adine during initial evaluation were excluded from the
analysis. As this was an otherwise all-comer CHF popu-
lation, further co-morbidities or concomitant medical
therapies did not constitute exclusion criteria.

Patients were assessed in regard to treatment dosages of
beta-blockers, and demographic and clinical profiles includ-
ing resting heart rate. Outcome of patients who fulfilled select
inclusion criteria of the SHIFT study (LVEF <35 %, sinus
rhythm, NYHA II-IV) and were followed-up for at least
1 year was stratified according to resting heart rates: >75
versus <75 bpm and >70 versus <70 bpm.

The study conformed to the principles outlined in the
1964 Declaration of Helsinki. Ethics committee approval
for the study and patient informed consent were achieved
before inclusion in the study.

Data collection

Data were collected prospectively with the diagnosis of
CHF based on European Society for Cardiology guidelines.
The etiology of CHF was categorized as ischemic on the
basis of a history of MI or the findings in coronary angi-
ography. Other etiologies were defined according to the
WHO-Definition of Cardiomyopathies [20]. The stage of
clinical symptoms was determined according to NYHA
classification. Pharmacotherapy and the respective daily
doses recorded were those prescribed to the patient after
individual optimization of therapy over a period of at least
6 weeks. Heart rate was measured by using a 12-lead-ECG
with respect to the guidelines in ECG diagnostics. General
information about patient characteristics, cardiac history,
as well as specific data deriving from current investigations
(ECG, echocardiography and others) and laboratory mea-
surements were collected during the index visit. Venous
blood samples were taken in the morning after overnight
fasting. Left-ventricular systolic function was determined
by the LVEF through the biplane disc summation method
(Simpson rule) in echocardiography. The enrolled patients
were followed prospectively for at least 1 year, then
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generally for an unlimited time period. Follow-up infor-
mation on vital status, clinical events and medical treat-
ment was obtained using standardized case report forms
mostly during re-examinations at our clinic or at least by
telephone calls including standardized questionnaires on a
yearly basis. Endpoint information about hospitalization
and death were obtained from treating physicians or hos-
pital medical records.

Statistical analysis and outcome measures

Patients’ characteristics are presented as number of patients
and percentages, median and quartiles, or mean and stan-
dard deviation, as appropriate. Descriptive data of patients
who fulfilled the above mentioned select criteria of the
SHIFT trial were stratified by heart rate (1) >75 ver-
sus <75 bpm and (2) >70 versus <70 bpm. The respective
groups were compared using Chi-square test or Fisher’s
exact test, and Student’s ¢ test or Mann—Whitney U test, as
appropriate. The composite of death from any cause or
hospital admission for worsening heart failure during
12-month follow-up constituted the primary endpoint of
this analysis. All-cause death and heart transplantation or
all-cause death after the index visit were defined as sec-
ondary endpoints. Unadjusted 5-year cumulative event-free
survival of death of any cause or hospital admission for
worsening heart failure of the prespecified cohort were
estimated by the Kaplan—Meier method and compared by
the log-rank test. For all endpoint analyses, all patients
receiving cardiac transplantation (independent of their
urgency status) were followed until their surgical proce-
dure and then censored. All tests were two-tailed and a
p <5 % was considered to indicate statistical significance.
Statistical analysis was performed with IBM SPSS version
20 (IBM Corporation, Armonk, NY, USA).

Results
Patient characteristics according to resting heart rate

In total, 3,181 patients were assessed in regard to treat-
ment dosages of beta-blockers, and demographic and
clinical profiles including resting heart rate. Of the overall
studied population, 622 (20 %) fulfilled select criteria
adopted from the randomized SHIFT trial (LVEF <35 %,
sinus rhythm, NYHA II-IV). Of these patients, 443
patients entered outcome analyses with complete follow-
up of at least 1 year. Table 1 illustrates characteristics of
the overall cohort of patients receiving individually opti-
mized pharmacotherapy for heart failure including beta-
blockers. Detailed characteristics of study patients who
fulfilled inclusion criteria for outcome analysis are

Table 1 Baseline demographic and clinical characteristics, and
pharmacotherapy

Overall cohort with optimized
pharmacotherapy including
beta-blockers (n = 3,181)

Age (years) 60.5 (50.6-70.4)

Sex (male) 2,246 (71)
Body mass index (kg/m?) 27.6 £5.2
Ischemic etiology of heart failure 857 (27)
Arterial hypertension 2,733 (86)
Diabetes 820 (26)
Significant renal insufficiency 91 (3)
(creatinine >2.5 mg/dl)
Atrial fibrillation 383 (12)
ICD device 917 (29)
CRT device 354 (11)
LVEF (%) 36 + 15
Heart rate (bpm) 73 £ 17
Systolic blood pressure (mmHg) 120 £+ 21
Diastolic blood pressure (mmHg) 74 £ 12
NYHA functional class
I 1,331 (42)
1T 827 (26)
I 969 (30)
v 54 (2)
6-min walking distance (m) 443 + 130
Heart failure medication
Beta-blocker 3,181 (100)
>50 % target dose of beta-blocker 2,042 (64)
100 % target dose of beta-blocker 790 (25)
ACE-I/ARB 2,876 (90)
Aldosterone antagonists 1,355 (43)
Diuretics 1,867 (59)
Digitalis 745 (23)

Data are presented as number of patients and percentages, median and
quartiles, or mean and standard deviation, as appropriate

ACE-I angiotensin-converting enzyme inhibitor, ARB angiotensin
receptor blocker, /CD implantable cardiac defibrillator, CRT cardiac
resynchronization therapy, LVEF left-ventricular ejection fraction,
NYHA New York Heart Association

displayed in Table 2 according to categories of heart rate.
The distribution of resting heart rate is presented in
Fig. 1. Patients with heart rates >70 bpm were younger
and more often male. They exhibited a significantly
higher NYHA functional class and lower LVEF. There
was a trend to a higher percentage of significant renal
insufficiency (4 % in the group with heart rates >70 bpm
vs. 1 % in the group with heart rates <70 bpm) which
narrowly missed the significance threshold (p = 0.06).
When compared with patients with heart rates >70 bpm,
more patients with lower heart rates were up titrated to at
least half the evidence-based target dose of beta-blockers.
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Table 2 Baseline demographic and clinical characteristics, and pharmacology of patients fulfilling select SHIFT criteria

Overall cohort Heart Heart p value*  Heart Heart p value®
fulfilling select  rate <70 bpm rate >70 bpm rate <75 bpm  rate >75 bpm
SHIFT criteria (n = 160) (n = 283) (n =210) (n = 233)
(n = 443)
Age (years) 58.3 (49.5-68.4) 60.1 (51.6-70.6) 56.6 (48.6-67.4) <0.01 60 (51.9-70.1) 55.9 (47.8-67.4) <0.01
Sex (male) 318 (72) 104 (65) 214 (76) <0.05 140 (67) 178 (76) <0.05
Body mass index 279 £55 27.6 £53 280 £ 5.6 n.s. 28.1 £53 27.7 £ 5.7 n.s.
(kg/m®)
Ischemic etiology of 179 (40) 69 (43) 110 (39) n.s 94 (45) 85 (37) n.s.
heart failure
Arterial hypertension 393 (89) 142 (89) 251 (89) n.s. 187 (89) 206 (88) n.s.
Diabetes 145 (33) 44 (28) 101 (36) n.s. 64 (31) 81 (35) ns.
Significant renal 12 (3) 1 (1) 11 4) n.s. (0.06) 1 (1) 11 (5) <0.05
insufficiency
(creatinine >2.5 mg/dl)
ICD device 220 (50) 80 (50) 140 (50) n.s. 110 (52) 110 (47) n.s.
CRT device 65 (15) 22 (14) 43 (15) n.s. 32 (15) 33 (14) n.s.
LVEF (%) 24 +£7 26 £ 6 23 +£7 <0.0001 26 £ 6 23+ 7 <0.0001
Heart rate (bpm) 76 £ 15 61 £6 85 £ 12 - 64 £ 7 88 £ 11 -
Systolic blood pressure 113 + 20 115 + 18 113 +£ 21 n.s 114 + 18 113 +£ 22 n.s.
(mmHg)
Diastolic blood pressure 71 & 12 70 £ 11 72 £ 13 n.s 70 £ 11 72 £ 13 n.s.
(mmHg)
NT-proBNP (n = 412) 1,455 811 1,852 <0.0,001 858 2,040 <0.0001
(505-3,714) (350-1,948) (739-4,756) (332-2,076) (899-5,335)
NYHA functional class <0.05 <0.01
I 210 (47) 97 (61) 113 (40) 122 (58) 88 (38)
I 222 (50) 63 (39) 159 (56) 88 (42) 134 (57)
v 11 (3) 0 (0) 11 (4) 0 (0) 11 (5)
6-min walking distance 419 £ 119 432 + 120 412 £ 117 n.s 421 + 117 418 + 121 ns.
(meters)
Heart failure medication
Beta-blocker 443 (100) 160 (100) 283 (100) - 210 (100) 233 (100) -
>50 % target dose 307 (69) 125 (78) 182 (64) <0.01 162 (77) 145 (62) <0.01
of beta-blocker
100 % target dose 130 (29) 50 (31) 80 (28) n.s 69 (33) 61 (26) n.s.
beta-blocker
ACE-I/ARB 423 (96) 156 (98) 267 (94) n.s. 206 (98) 217 (93) <0.05
Aldosterone antagonists 309 (70) 111 (69) 198 (70) n.s. 143 (68) 166 (71) n.s.
Diuretics 325 (73) 100 (63) 225 (80) <0.001 140 (67) 185 (79) <0.01
Digitalis 124 (28) 35 (22) 89 (31) <0.05 52 (25) 72 (31) n.s.

Data are presented as number of patients and percentages, median and quartiles, or mean and standard deviation, as appropriate. p values for
heart rate and beta-blocker therapy are not presented, as these variables are part of the subgroup definition

ICD implantable cardiac defibrillator, CRT cardiac resynchronization therapy, ACE-I angiotensin-converting enzyme inhibitor, ARB angiotensin
receptor blocker, LVEF left-ventricular ejection fraction, NYHA New York Heart Association

* Resting heart rates >70 bpm compared to those <70 bpm

i Resting heart rates >75 bpm compared to those <75 bpm

Further, angiotensin-converting enzyme inhibitors and
angiotensin II receptor blockers were less often and
diuretics more often prescribed in this cohort. Character-

istics of patients and guideline-adherent medical therapy  group.
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in the >75 bpm group were similarly distributed, with a
significantly higher proportion of patients with concomi-
tant renal insufficiency compared to those in the <75 bpm
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Outcome of patients fulfilling select criteria
of the SHIFT study

Median observation time of survivors was 27.5 months
(quartiles 17.4-41.9 months) with 1,039.7 observation-
years in total. For the composite primary endpoint of all-
cause death or hospital admission for worsening heart
failure during 12-month follow-up, a significant difference
between patients with lower and higher heart rates was
observed. The primary endpoint occurred in 21 % of
patients the >70 bpm group versus 9 % of patients in the
group with heart rates <70 bpm (p < 0.01). Likewise,
comparing the groups >75 and <75 bpm, the primary
endpoint was significantly increased in the group of
patients with heart rates >75 bpm 27 % versus 12 %;
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Fig. 1 Distribution of resting heart rate of of patients fulfilling
inclusion criteria for outcome analysis

Table 3 1-year outcome of patients fulfilling select SHIFT criteria

p < 0.01). Further details of primary and secondary out-
come variables are summarized in Table 3. During the
observation period of 5 years, 44 patients (9.9 %) were
censored because of cardiac transplantation. A 5-year
unadjusted cumulative event-free survival of death of any
cause or hospital admission for worsening heart failure was
closely related to patients’ resting heart rate. Long-term
survival was significantly lower among patients with heart
rates >70 bpm as compared to those with <70 bpm (log-
rank test p < 0.05; Fig. 2a) and among patients in
the >75 bpm group versus <75 bpm group (log-rank test
p < 0.01; Fig. 2b).

Discussion

Apart from demonstrating the beneficial impact of iva-
bradine therapy in CHF, the results of the randomized
SHIFT trial have lead to a greater understanding of
variances in cardiovascular risk of CHF patients accord-
ing to resting heart rate [18]. Prior to this, the advantage
of heart rate reduction by beta-blockers had been brought
forward [21, 22]. In 2009, McAlister et al. [23] performed
a meta-analysis of randomized, placebo-controlled heart
failure trials that examined survival benefits of beta-
blockers in CHF. They concluded that the extent to which
heart rate reduction is achieved by beta blockade is sig-
nificantly associated with the survival benefit of beta-
blockers in CHF. Moreover, the impact of adequate heart
rate reduction seems to be more prominent than the effect
achieved by beta-blocker dose [23-25]. Although these
and other analyses have revealed a convincing linkage
between heart rate lowering drugs, primarily beta-block-
ers, and their evident impact on clinical outcome, surveys
and observational studies have shown that outside of ran-
domized drug trials, guideline-recommended prescription

Heart Heart p value* Heart Heart p value®
rate <70 bpm rate >70 bpm rate <75 bpm rate >75 bpm
(n = 160) (%) (n = 283) (%) (n = 210) (%) (n = 233) (%)
Primary endpoint
All-cause death or hospital 14 (9) 59 (21) <0.01 23 (12) 50 (27) <0.01
admission for worsening heart
failure
Secondary endpoints
All-cause death 32 22 (8) <0.05 4(2) 21 (9) <0.05
All-cause death or heart 6 (4) 41 (15) <0.001 10 (5) 37 (16) <0.001

transplantation

Data are presented as number of first events and percentages
* Resting heart rates >70 bpm as compared to those <70 bpm
T Resting heart rates >75 bpm as compared to those <75 bpm
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Fig. 2 a, b Kaplan—-Meier 5-year event-free survival curves accord-
ing to resting heart rate. a Heart rate >70 bpm versus <70 bpm.
Endpoint all-cause death any cause or hospital admission for
worsening heart failure. Survival curves not adjusted. 5-year event-
free survival was significantly lower among patients with heart

and up titration of beta-blockers to target dose as well as
the consideration of their heart rate modifying effect seem
to represent a challenge in daily clinical practice [26-29].
Exemplarily, one of the main topics studied in the Heart
Failure Pilot Survey was the overall use of guideline-
adherent pharmacological therapy between 2009 and 2010
across Europe. Beta-blockers were prescribed in a rela-
tively high percentage of CHF patients (87 %). The
increase of beta-blocker prescription in comparison to
data of the earlier EuroHeart Failure survey, in which the
rate of prescribed beta-blockers was only 37 %, represents
a major step forward. However, only 21-37 % of patients
were able to achieve the respective target dose of beta-
blocker [26, 29]. Even in landmark beta-blocker studies,
which demonstrated tolerability of target dose in up to
80 % of study patients, a substantial percentage of these
patients were unable to maintain the recommended beta-
blocker dose over a long period of time [5, 30—32]. Based
on the current state of knowledge, whether up titration to
target dose in an all-comer population of CHF uncondi-
tionally translates into a significant survival benefit over
low-to-moderate doses remains debatable.

Our present study provides information on the resting
heart rate achieved with individualized optimized CHF
medication including beta-blockers in clinical practice of a
specialized outpatient CHF-clinic of a university hospital
by revealing the significant proportion of CHF patients in
sinus rhythm with insufficient heart rate control.

Despite treatment at our dedicated CHF outpatient
clinic, less than a third of all patients (29 %) who fulfilled
select inclusion criteria of the SHIFT trial achieved full
beta-blocker target doses. Though the percentage of high
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Follow up in months

rates >70 bpm (log-rank test p < 0.05). b Heart rate >75 ver-
sus <75 bpm. Endpoint all-cause death any cause or hospital
admission for worsening heart failure. Survival curves not adjusted.
S-year event-free survival was significantly lower among patients
with heart rates rate >75 bpm (log-rank test p < 0.01)

beta-blocker doses prescribed in our study is relatively high
as compared to earlier surveys and community-based
samples [26, 29, 33, 34], in more than half (53 %) the
patients in this prespecified cohort, heart rates remained
increased, despite the circumstance that almost 70 % of all
studied patients tolerated at least 50 % of target beta-
blocker dose. This observation underlines the urgent need
for complementary therapeutic strategies to reduce heart
rate even in a dedicated environment such as a specialized
heart failure clinic.

When compared with patients with lower heart rates,
patients with increased heart rates more often achieved
only low doses of beta-blockers. Though it may seem
intuitive to at least partially explain the association
between heart rate and outcome simply by lower beta-
blocker doses in those with higher heart rates, large ran-
domized trials on metoprolol and bisoprolol have failed to
prove superiority of high versus moderate to low beta-
blocker doses [25, 35]. In the specific case of the meto-
prolol CR/XL Randomized Intervention Trial (MERIT-HF)
heart rate reduction <70 bpm was even more quickly and
more often achieved in patients who did not tolerate the
targeted daily dose of 100 mg of metoprolol succinate.
Indeed, these results support the notion that our observa-
tions cannot simply be linked to general dose—effect rela-
tionships alone. Instead, a certain proportion of the effect is
most likely driven by individual dose-related adverse
effects, patients’ co-morbidities and their genetic disposi-
tion to beta-blocker response. We found a lower event rate
of primary and secondary endpoints as well as a profound
survival benefit in five-year outcome in patients with lower
heart rates, both when dividing the cohort at a threshold heart
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rate of 70 or 75 bpm. Despite the non-randomized nature of
our data, these results affirm the evidence of previously
published studies showing that increased heart rate is a true
risk factor in CHF which seems to be modifiable through
beta-blockers to some extent. Our analyses underline the
necessity of rigorous heart rate control, even in patients
considered to be under optimal pharmacotherapy.

Limitations

This present cohort study carries the characteristic short-
comings of a registry. The value of our registry approach
lies its all-comer population of CHF patients, including
those who for diverse reasons, would have been excluded
by conventional trial protocols. However, to simplify
comparisons, for this analysis we only studied outcome in
patients who fulfilled select inclusion criteria of SHIFT trial
but were not receiving ivabradine. In line with these criteria,
we did not exclude patients receiving other drugs with heart
rate lowering effects such as digitalis or non-dihydropyri-
dine calcium channel blockers. The applied registry
approach only considered the use of cardiac resynchroni-
zation therapy (CRT) without further details on serial CRT
device interrogations. Thus, this strategy allows no evalu-
ation of the percentage of atrial pacing in the respective
patients. High percentages of atrial pacing would limit the
validity of our results in patients with CRT devices. Fur-
thermore, we present crude survival curves, without
adjustments for differences found in baseline characteristics
which may have had effects on outcome. Before deter-
mining resting heart rates, we allowed for a relatively long
period of up titration and maintained of therapy to guarantee
individual optimization. By this, we attempted to achieve
the maximal tolerated beta-blocker dose, including patients
in whom up titration was particularly complicated. Over-
looking available data on heart failure management, con-
comitant use of telemedical monitoring during the phase of
beta-blocker up titration may have been beneficial to ensure
that further dose escalation was not achievable. Similar to
the majority of trials assessing the clinical effect of drug
therapy, we analyzed the doses of pharmacotherapy pre-
scribed by physicians at our institution. The fact that we
were unable to take patients’ compliance to therapy or
consistency of intake into account and did not review
individual reasons for not taking beta-blocker target doses
may constitute potential limitations.

Conclusion

In conclusion, this single-center experience of a specialized
outpatient CHF clinic demonstrates that the extent of beta-

blocker induced heart rate reduction in clinical practice is
not satisfactory. Currently, a substantial proportion of
patients who fulfill select inclusion criteria of the SHIFT
study (LVEF <35 %, sinus rhythm, NYHA II-IV) have
inadequate heart rate control despite maximal tolerated
beta-blocker doses. In this non-randomized cohort, ade-
quate heart rate control under individually optimized beta-
blocker therapy was associated with improved mid- and
long-term clinical outcome up to 5 years. As further up
titration of beta-blockers is most likely not achievable in
many patients, the administration of a selective heart rate
lowering agent such as ivabradine adjuvant to beta-block-
ers may pose an opportunity to further modulate outcome
in CHF.
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