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Abstract 
Background: Higher resting heart rate (HR) in patients with heart failure (HF) and sinus rhythm 
(SR) is associated with increased mortality. In patients hospitalized for HF, the aim herein, was to as-
sess the use and dosage of guideline-recommended HR lowering medications, HR control at discharge 
and predictors of HR control.
Methods: In the present study, were Polish participants of the European Society of Cardiology HF Long-
-Term (ESC-HF-LT) Registry. Those selected were hospitalized for HF, with reduced ejection fraction  
(HFrEF) and SR at discharge (n = 236). The patients were divided in two groups (< 70 bpm and ≥ 70 bpm). 
Logistic regression was used to identify the predictors of HR ≥ 70 bpm.
Results: Of patients with HFrEF and SR, 59% had HR ≥ 70 bpm at hospital discharge. At discharge, 
96% and only 0.5% of the patients with HFrEF and SR received beta-blocker and ivabradine, respec-
tively. In the HF groups < 70 bpm and ≥ 70 bpm, only 11% and 4% of patients received beta-blocker 
target doses, respectively. There was no difference in the use of other guideline-recommended medica-
tions. Age, New York Heart Association class, HR on admission and lack of HR lowering medications 
were predictors of discharge HR ≥ 70 bpm. 
Conclusions: Heart rate control after hospitalization for HFrEF is unsatisfactory, which may be at-
tributed to suboptimal doses of beta-blockers, and negligence in use other HR lowering drugs (including 
ivabradine). (Cardiol J 2023; 30, 6: 964–973)
Key words: acute heart failure, hospitalization, sinus rhythm, target heart rate, beta- 
-blocker, ivabradine

Introduction

Large studies have shown that a higher rest-
ing heart rate (HR) in patients with heart failure 
(HF) is associated with an increased risk of major 

adverse cardiovascular events, including patient 
death [1–7]. Consequently, HR reduction has been 
shown to improve clinical outcomes in patients 
with chronic HF [8–13]. However, data regarding 
the targeted HR control are inconclusive for these 
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patients and the new HF guidelines do not indicate 
the exact recommended resting HR value [14]. 
The lack of clear recommendations may be due 
to the heterogeneity of the HF group consisting 
of patients with atrial fibrillation/in sinus rhythm 
(SR), different values of left ventricular ejection 
fraction (LVEF), varying severity of symptoms and 
comorbidities, and therefore inconsistent effective-
ness of HF medications. It can be hypothesized 
that the optimal target resting HR may differ in 
different HF subgroups. The available data refer 
mostly to patients with HF with reduced ejection 
fraction (HFrEF), suggesting a HR recommended 
value of ≤ 70 beats per minute (bpm) (based mainly 
on the findings from the SHIFT trial on ivabradine 
in SR) [15]. 

There is a lack of data on whether therapeutic 
goals in patients with HF are achieved in everyday 
clinical practice [16]. More valuable data can be 
obtained from registries that represent real-world 
patients and are of particular importance to the 
analysis of the HR distribution and its control in 
patients with HF. 

The aim of this study was to assess HR con-
trol at discharge in real-life Polish patients with 
HFrEF and SR. The secondary goal was to analyze 
the association between HR control at discharge 
and clinical characteristics, use and dosage of 
guideline-recommended HR lowering medications. 
HR was also assessed at discharge in patients with 
HF with mildly reduced LVEF (HFmrEF), and HF 
with preserved LVEF (HFpEF).

Methods

Study design
The European Society of Cardiology (ESC) 

Heart Failure Pilot (ESC-HF-Pilot) survey and 
the ESC Heart Failure Long-Term (ESC-HF-LT) 
Registry were multicenter, prospective, observa-
tional surveys conducted in European countries, 
including a significant number of Polish centers. 
Patient recruitment in the ESC-HF-Pilot survey 
lasted from October 2009 to May 2010 and in the 
ESC-HF-LT Registry from April 2011 to April 2013. 
Both registries included all outpatients with HF 
and patients admitted for new-onset or worsening 
HF. More data on the design of the registries have 
been published previously [17, 18]. Briefly, records 
collected in both registries refer to clinical charac-
teristics, laboratory parameters, HF management, 
and 1-year follow-up. Both HF registries collected 
the same type of clinical data. Adult patients with 

HF were enrolled, without specific exclusion cri-
teria. The study protocol was approved by the local 
ethics committees. All participating patients gave 
written informed written consent for the study. 

The current analysis included Polish patients 
hospitalized for HF included in the ESC-HF-LT 
Registry (the data from ESC-HF-Pilot survey was 
used for the comparison of HR control at discharge 
and concomitant pharmacotherapy over time). 
Only patients with a known heart rhythm and HR 
at discharge were included in the analysis. A case 
report form enabled the investigators to choose 
only one leading heart rhythm for each patient (SR, 
atrial fibrillation, paced rhythm, or other) based on 
a 12-lead electrocardiogram (ECG). The exclusion 
criteria were as follows: death during index hos-
pitalization, rhythm other than SR or lack of ECG 
documentation on the leading heart rhythm, and 
lack of information on HR at discharge.

Bar graphs were plotted to present HR dis-
tribution at discharge in HF patients in SR in both 
registries. 

The patients were further divided into three 
groups based on LVEF: HFrEF (LVEF of ≤ 40%), 
HFmrEF (LVEF of 41–49%), and HFpEF (LVEF of 
≥ 50%) [14]. As the current ESC recommendations 
on HR control mainly account for patients with 
HFrEF in SR, we focused on this group in further 
analyzes. Patients with HFrEF in SR included in 
the ESC-HF-LT Registry were divided into two 
groups with an HR at discharge of < 70 bpm or  
≥ 70 bpm and were compared in terms of baseline 
characteristics. The use and dosage of guideline-
recommended HR lowering medications in these 
groups were also assessed. In order to analyze the 
predictors of poor HR control (HR ≥ 70 bpm) at 
discharge in the HFrEF group, common risk fac-
tors for increased HR in HF patients in SR were 
collected from the literature. 

Statistical analysis
The Fisher exact test for the comparison of 

categorical variables and the Mann–Whitney test 
for continuous and ordinal variables were used, 
respectively. The results were presented as me-
dian and quartiles for continuous variables and as 
frequencies and percentages for ordinal variables. 
Logistic regression analysis was used for the analy-
sis of the predictors of poor HR control (≥ 70 bpm). 
P value below 0.05 was considered significant for all 
tests. All tests were two-tailed. Statistical analyses 
were performed using SPSS software, version 22 
(IBM SPSS Statistics 22, USA, New York). 
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Results

Baseline characteristics and  
HR distribution

Figure 1 shows the flow chart of patient se-
lection for the present study. The final analysis 
included 429 hospitalized Polish patients from 
the ESC-HF-LT Registry in SR and with a known 
HR at discharge. The median patient age was 76 
years; men constituted 67.9% of the population. 
By comparison, the ESC-HF-Pilot survey included 
399 hospitalized patients in SR (the median age 
was 73 years; men constituted 64.4%). In both 
registries, the majority of the patients had resting 
HR ≥ 70 bpm at hospital discharge (65.7% and 
56.6%; p = 0.01 in the ESC-HF-Pilot and ESC-
-HF-LT registries, respectively). The same was 
also observed in a subgroup of patients in SR with 
HFrEF (66.3% and 56.8%; p = 0.048, respectively) 
(Table 1). Based on these results, it seems that the 
HR management only slightly improved over time 
in patients participating in the ESC-HF registries.

Heart rate distribution at discharge among 
patients in SR participating in the ESC-HF-LT Reg-
istry and the ESC-HF-Pilot survey are presented 
in Figures 2A and 2B, respectively.

HFrEF patients (n = 265) in SR included 
in the ESC-HF-LT Registry were divided into 
two groups with an HR at discharge of < 70 or  
≥ 70 bpm (112 patients, 41.5% and 153 patients, 
58.5%, respectively). There were no relevant 
differences between the groups in most baseline 
clinical characteristics (Table 2). Median HR on 
admission was 73 (60–80) bpm and 85 (75–100) 
bpm (p < 0.001), respectively. While on discharge, 
the median HR was 60.0 (60–65) and 76.0 (70–80) 
bpm (p < 0.001), respectively. There was no  
significant change in HR from admission to dis-
charge between both groups. Similar analyzes 
for patients with HFmrEF and HFpEF are pre-
sented in Supplementary Tables S1 and S2, 
respectively. 

Almost all HFrEF patients in SR in the ESC-
-HF-LT Registry received beta-blockers (approx. 
96%) irrespective of the resting HR group. How-
ever, patients with lower HR (< 70 bpm) were 
treated with amiodarone more frequently (21.4%) 
compared to patients with HR ≥ 70 bpm (9.8%;  
p = 0.01). The doses of beta-blockers in both 
groups were suboptimal (10.9% and 4.4% patients 
received 100% of the beta-blocker target dose, 
respectively) (Table 3). Ivabradine was used in  

12,440 patients in the Heart Failure Long-Term Registry

361 outpatients

765 patients hospitalized for heart failure

429 patients included in the analysis

12 patients with missing data on LVEF

336 patients with missing data on HR at discharge, heart rhythm 
other than SR on who died during index hospitalization

HFrEF
265 patients

HFmrEF
45 patients

HFpEF
107 patients

1126 patients enrolled in Polish centers

Figure 1. Flow chart of patient enrollment in the current analysis; LVEF — left ventricular ejection fraction; HFrEF 
— heart failure with reduced LVEF; HFmrEF — heart failure with mildly reduced LVEF; HFpEF — heart failure with 
preserved LVEF; HR — heart rate; SR — sinus rhythm. 
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a marginal percentage (0.01%) of patients in both 
groups. There was no difference in terms of the 
use of other guideline-recommended medications 
(Table 2). 

Predictors of poor HR control
Age, New York Heart Association (NYHA) 

class, HR on admission and lack of HR lowering 
medications were the predictors of poor HR control 
(≥ 70 bpm) at discharge in patients with HFrEF in 
SR (Table 4).

Discussion

The results of this analysis provided important 
epidemiological data on HR control and associated 
clinical characteristics in real-life patients with HF. 
The study showed that HR over 70 bpm was pre-
sent in the majority of HF patients in SR and that 
the patients were treated sub-optimally with HR 

lowering drugs. What is more, the study revealed 
the predictors of poor HR control. 

Despite strict guidelines on the treatment 
of HFrEF, the readmission rate within 6 months 
of hospitalization for HF is as high as 50% [14, 
19]. It is known that increased resting HR in pa-
tients with HF is associated with higher mortality  
[4, 20], particularly when above 110 bpm and with 
concomitant atrial fibrillation [21, 22]. HR can also 
contribute to tachyarrhythmic cardiomyopathy and 
HF decompensation. In the previous analysis from 
the ESC-HF registries, among all tested major 
electrocardiography (ECG) abnormalities in pa-
tients with HF (regardless of the type of HF), only 
tachycardia (> 100 bpm) remained an independ-
ent predictor of all-cause death in multivariable 
analysis [23]. 

In patients hospitalized for HF decompensa-
tion doses of guideline-recommended medications 
should be initially uptitrated before discharge  

Table 1. Comparison of heart rate (HR) control at discharge and concomitant pharmacotherapy  
between patients with heart rate with reduced ejection fraction (HFrEF) in sinus rhythm (SR)  
participating in the ESC-HF-Pilot and ESC-HF-LT registries (patient recruitment 2009–2010 and  
2011–2013, respectively). 

Total (n = 464) HFrEF-Pilot  
Registry  

(n = 199; 42.9%)

HFrEF-LT  
Registry  

(n = 265; 57.1%)

P

HR at admission [bpm] 78 (70–90) 80 (70–100) 80 (70–95) 0.05

HR at discharge [bpm] 70 (64–78) 70 (65–80) 70 (63–76) 0.08

Change in HR [bpm]* 8 (0–20) 10 (0–25) 10 (0–20) 0.20

Patients with HR < 70 bpm  
at hospital discharge

169 (38.9%) 67 (33.7%) 102 (43.2%) 0.048

Pharmacotherapy at hospital discharge

Beta-blocker 412/434 (94.9%) 185/198 (93.4%) 227 (96.2%) 0.27

Dose of beta-blocker 5.0 (2.5–5.0); 401 5.0 (5.0–5.0); 185 5.0 (2.5–5.0); 216 < 0.001

Ivabradine 2/434 (0.5%) 0/198 (0%) 2 (0.8%) –

Digoxin 79/434 (18.2%) 40/198 (20.2%) 39 (16.5%) 0.38

Amiodaron 56/434 (12.9%) 20/198 (10.1%) 31 (13.0%) 0.12

Other antiarrhythmics 36/434 (8.3%) 28/198 (14.1%) 8 (3.4%) < 0.001

Diuretics 379/434 (87.3%) 167/198 (84.3%) 212 (89.8%) 0.11

Aldosterone antagonist 333/434 (76.7%) 149/198 (75.3%) 184 (78.0%) 0.57

ACEI 349/434 (80.4%) 157/198 (79.3%) 192 (81.4%) 0.63

ARB 41/434 (9.4%) 18/198 (9.1%) 23 (9.7%) 0.87

CCB 44/434 (10.1%) 25/198 (12.6%) 19 (8.1%) 0.15

Statins 331/434 (76.3%) 157/198 (79.3%) 174 (73.7%) 0.21

Anticoagulants 117/433 (27.0%) 51/197 (25.9%) 66 (28.0%) 0.67

Antiplatelets 341/434 (78.6%) 161/198 (81.3%) 180 (76.3%) 0.24 

*From admission to discharge. Bolded text indicates p-values < 0.05. Numbers in italics indicate available cases for the analyzed continuous 
variable. ACEI — angiotensin-converting-enzyme inhibitor; ARB — angiotensin receptor blocker; bpm — beats per minute; CCB — calcium 
channel blocker; ESC-HF-LT — European Society of Cardiology Heart Failure Long-Term Registry; ESC-HF-Pilot — European Society of  
Cardiology Heart Failure Pilot Registry 
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and/or in the early post-discharge period. HR 
control should be assessed during every follow-
up appointment to further adjust the medications 
[14]. In patients with HF, HR reduction is achieved 
mostly by beta-blocker therapy through their nega-
tive chronotropic effect and direct antagonization of 
toxic effects of catecholamines. Ivabradine acts by 
selectively and specifically inhibiting the channel 
responsible for the cardiac pacemaker current (If), 
and thus it regulates the HR in patients in SR. Oth-
er guideline-recommended medications commonly 
used in chronic HF also have the ability to reduce 

the HR by reducing sympathetic and renine–an-
giotensine system activity [24]. The international 
QUALIFY survey (QUAlity of adherence to guide-
line recommendations for Life‑saving treatment 
in heart failure) has demonstrated that the adher-
ence to guidelines is associated with an improved 
prognosis in patients with HF [25]. In the Polish 
population of the QUALIFY registry nearly 97.0% 
of the patients received beta‑blockers, with only 
17.7% of the patients reaching the target dose [25]. 
The general adherence score (calculated based 
on the use of five main guideline-recommended  

Figure 2. Distribution of heart rate at discharge in heart failure patients in sinus rhythm participating in the European 
Society of Cardiology Heart Failure Long-Term Registry (ESC-HF-LT) (A) and European Society of Cardiology Heart 
Failure Pilot Registry (ESC-HF Pilot survey) (B). Red line separates the graph into two heart rate groups: < 70 bmp 
and ≥ 70 bpm. 
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Table 2. Baseline characteristics, clinical course of index hospitalization and pharmacotherapy in  
hospitalized heart rate with reduced ejection fraction (HFrEF) patients in sinus rhythm (SR) stratified  
by heart rate at discharge < 70 and ≥ 70 bpm (from the Polish cohort of the ESC-HF-LT Registry).

HFrEF, SR < 70/min  
(n = 112; 41.5%)

HFrEF, SR ≥ 70/min  
(n = 153; 58.5%)

P

Demographics

Age [years] 66.5 (57.6–75.3) 63.9 (57.2–72.3 0.09

Male 90 (80.4%) 118 (77.1%) 0.55

Body mass index [kg/m2] 27.7 (24.6–29.5) 27.8 (24.7–31.0) 0.58

Medical history

Previous HF hospitalization 63 (56.2%) 79 (51.6%) 0.53

Ischemic etiology 82 (73.2%) 105 (68.6%) 0.50

Valve disease 6 (5.4%) 4 (2.6%) 0.33

Dilated cardiomyopathy 17 (15.2%) 32 (20.9%) 0.27

Hypertension 82/111 (73.2%) 102/152 (66.7%) 0.28

Atrial fibrillation 25 (22.3%) 34 (22.2%) 1.00

Coronary artery disease 80 (71.4%) 101 (66.0%) 0.42

Prior PCI or CABG 55 (49.1%) 72 (47.1%) 0.80

Peripheral artery disease 16 (14.3%) 22/152 (14.5%) 1.00

Diabetes 43 (38.4%) 50 (32.7%) 0.36

Chronic kidney disease 25 (22.3%) 46 (30.1%) 0.20

COPD 14 (12.5%) 22 (14.4%) 0.71

Stroke 10 (8.9%) 15 (9.8%) 0.83

Current smoking 82 (73.2%) 105 (68.6%) 0.49

Alcohol1 79/108 (73.1%) 108/146 (74%) 0.88

Clinical status at admission

NYHA class: 0.16

I 0 (0%) 0 (0%) –

II 32 (28.6%) 35 (22.9%) –

III 52 (46.4%) 66 (43.1%) –

IV 26 (23.2%) 52 (34.0%) –

Heart rate [bpm] 73.0 (60.0–80.0) 85.0 (75.0–100.0) < 0.001

SBP [mmHg] 130.0 (110.0–140.0) 120.0 (110.0–140.0) 0.04

DBP [mmHg] 80.0 (70.0–86.2) 80.0 (70.0–84.0) 0.88

Laboratory findings at admission

Hemoglobin [g/dL] 13.4 (12.6–14.6); 111 13.2 (11.3–14.4); 152 0.11

Serum creatinine [mg/dL] 1.1 (0.9–1.3); 111 1.1 (0.9–1.4); 152 0.45

Serum sodium [mmol/L] 139.0 (137.0–141.0); 111 139.0 (136.9–141.0); 152 0.76

Serum potassium [mmol/L] 4.4 (4.1–4.7); 111 4.5 (4.1–4.9); 152 0.37

BNP [pg/mL] 901.5 (199.8–1449.0); 14 766.5 (319.4–1058.2); 16 0.67

NT-proBNP [pg/mL] 4263.5 (1505.0–8783.8); 48 4819.5 (2565.8–10108.5); 74 0.27

Clinical status at discharge

NYHA class: 0.22

I 2 (1.8%) 9 (5.9%) –

II 61 (54.5%) 90 (58.8%) –

III 46 (41.1%) 52 (34.0%) –

IV 3 (2.7%) 2 (1.3%) –

Heart rate [bmp] 60.0 (60.0–65.0) 76.0 (70.0–80.0) < 0.001

Change in heart rate [bmp]2 –10.0 (–21.2–0.0) –7.0 (–20.0–1.0) 0.15

Æ
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medications) in the study population was good in 
72.2% of the patients [25]. In another analysis per-
formed among the Spanish population included in 
the same registry (ESC-HF-LT Registry) showed 
that only 13% of patients with low ejection frac-
tion received a beta-blocker in the recommended 
dosage [26]. In the current study, beta-blockers 
were administered in the majority of the patients 
(approx. 96%). However, only 10.9% of the patients 
with HR < 70 bpm and 4.4% ≥ 70 bpm reached 
the target dose of the beta-blocker. Ivabradine was 
administered only to 0.5% of patients with LVEF 
≤ 35%. To compare, in the QUALIFY registry, 

Table 2 (cont.). Baseline characteristics, clinical course of index hospitalization and pharmacotherapy 
in hospitalized heart rate with reduced ejection fraction (HFrEF) patients in sinus rhythm (SR) stratified 
by heart rate at discharge < 70 and ≥ 70 bpm (from the Polish cohort of the ESC-HF-LT Registry).

HFrEF, SR < 70/min  
(n = 112; 41.5%)

HFrEF, SR ≥ 70/min  
(n = 153; 58.5%)

P

SBP [mmHg] 120.0 (105.0–130.0) 118.0 (105.0–126.0) 0.66

DBP [mmHg] 70.0 (64.5–79.5); 111 70.0 (65.0–80.0); 153 0.59

Laboratory findings at discharge

Hemoglobin [g/dL] 13.2 (12.0–14.7); 62 12.4 (10.4–13.4); 88 0.002

Serum creatinine [mg/dL] 1.1 (0.9–1.3); 81 1.1 (0.9–1.4); 106 0.88

Serum sodium [mmol/L] 138.9 (137.0–141.4); 82 139.0 (137.0–141.1); 114 0.65

Serum potassium [mmol/L] 4.4 (4.1–4.7); 85 4.4 (4.1–4.7); 115 0.34

Pharmacotherapy at hospital discharge

Beta-blocker 108 (96.4%) 147 (96.1%) 1.00

Dose of beta-blocker3 5.0 (2.5–5.0); 99 5.0 (2.5–5.0); 143 0.96

Digoxin 16 (14.3%) 24 (15.7%) 0.86

Ivabradine 0 (0.0%) 2 (1.3%) 0.51

Amiodaron 24 (21.4%) 15 (9.8%) 0.01

Other antiarrhythmics 3 (2.7%) 6 (3.9%) 0.73

Diuretics 95 (84.8%) 135 (88.2%) 0.46

ACEI 91 (81.2%) 130 (85.0%) 0.50

Dose of ACEI4 5.0 (2.5–5.0); 89 5.0 (2.5–5.6); 128 0.22

ARB 12 (10.7%) 11 (7.2%) 0.37

Aldosterone antagonist 86 (76.8%) 113 (73.9%) 0.66

Dose of aldosterone antagonist5 25.0 (25.0–25.0); 85 25.0 (25.0–50.0); 113 0.50

CCB 10 (8.9%) 13 (8.5%) 1.00

Statins 89 (79.5%) 109 (71.2%) 0.15

Anticoagulants 33 (29.5%) 33 (29.5%) 0.66

Antiplatelets 87 (77.7%) 116 (75.8%) 0.77

Bolded text indicates p-values < 0.05. Numbers in italics indicate available cases for the analyzed continuous variable. 1Former or sometimes; 
2Change was calculated as the heart rate on admission minus the heart rate at discharge; 3Total daily doses of commonly used beta-blockers 
converted to the corresponding dose of bisoprolol; 4Total daily doses of commonly used ACE-Is converted to the corresponding dose of 
ramipril; 5Total daily doses of commonly used aldosterone antagonists converted to the corresponding dose of eplerenone. ACEI — angio-
tensin-converting-enzyme inhibitor; ARB — angiotensin receptor blocker; BNP — B-type natriuretic peptide; bpm — beats per minute; CABG 
— coronary artery bypass grafting; CCB — calcium channel blocker; COPD — chronic obstructive pulmonary disease; DBP — diastolic blood 
pressure; ESC-HF-LT — European Society of Cardiology Heart Failure Long-Term Registry; HF — heart failure; NT-proBNP — N-terminal-pro-
B-type natriuretic peptide; NYHA — New York Heart Association; PCI — percutaneous coronary intervention; SBP — systolic blood pressure

ivabradine was prescribed to 13.9% of patients, 
but the target dose was attained only in 13.8% 
of patients [25]. It should be highlighted that 
ivabradine reduces the risk of cardiovascular 
mortality and HF hospitalization and should be 
considered in symptomatic patients with reduced 
ejection fraction (≤ 35%) in SR and a resting HR  
≥ 70 bpm despite optimal medical therapy with 
other HF recommended-medications (or in patients 
who are unable to tolerate or have contraindica-
tions to beta-blockers) [14, 27].  

Observational studies have demonstrated that 
in every third patient with chronic HF, despite the 

970 www.cardiologyjournal.org

Cardiology Journal 2023, Vol. 30, No. 6



use of the recommended treatment, the control of 
resting HR was insufficient [28]. In the QUALIFY 
registry less than 40% of the patients reached the 

target HR < 70 bpm [25]. In the present study, 
66.3% and 56.8% of patients (ESC-HF-Pilot and 
ESC-HF-LT; p = 0.048) had HR over 70 bpm. 

Table 3. Use of guideline-recommended heart rate lowering drugs among hospitalized heart rate with 
reduced ejection fraction patients in sinus rhythm (SR) stratified by heart rate at discharge < 70 and  
≥ 70 bpm (from the Polish cohort of the ESC-HF-LT Registry). Use of ivabradine was not presented,  
as only 2 patients were administered this drug.

Beta-blockers, target dose [mg/d] Patients,  
n (%)

Dose [mg/d],  
mean (SD)

Target dose, %

≥ 50% of  
target dose

100% of  
target dose

SR < 70 bpm

Any beta-blocker 108/112 (96.4%) – 41.1%* 10.9%*

Bisoprolol, 10 mg/d 29/108 (26.9%) 3.88 (2.66) 37.9% 6.9%

Carvedilol, 50 mg/d 58/108 (53.7%) 19.1 (12.5) 37.9% 10.3%

Metoprolol succinate, 200 mg/d 13/108 (12%) 78.8 (60.2) 38.5% 15.4%

Nebivolol, 10 mg/d 8/108 (7.4%) 3.75 (1.34) 50% 0%

Other 0/108 (0%) – – –

SR ≥ 70 bpm

Any beta-blocker 147/153 (96.1%) – 46.1%* 4.4%*

Bisoprolol, 10 mg/d 43/147 (29.3%) 3.95 (2.08) 53.5% 4.7%

Carvedilol, 50 mg/d 71/147 (48.3%) 17.5 (11.2) 35.2% 5.6%

Metoprolol succinate, 200 mg/d 16/147 (10.9%) 71.9 (37.5) 31.3% 0%

Nebivolol, 10 mg/d 14/147 (9.5%) 4.55 (2.28) 64.2% 7.1%

Other 3/147 (2%) – – –

*Patients on other beta-blockers (not recommended in the HFrEF) were not included in the analysis; bpm — beats per minute; ESC-HF-LT — 
European Society of Cardiology Heart Failure Long-Term Registry; SD — standard deviation

Table 4. Multivariable analysis of predictors of poor heart rate control (≥ 70 bpm) at discharge in hospi-
talized heart rate with reduced ejection fraction patients in sinus rhythm (SR) (from the Polish cohort of 
the ESC-HF-LT Registry).

Covariates OR 95% CI P

Age 0.96 0.93–0.99 0.02

Male 0.62 0.29–1.29 0.20

Coronary artery disease 1.54 0.77–3.12 0.22

Chronic obstructive pulmonary disease 1.00 0.42–2.43 0.99

Chronic kidney disease 2.06 0.93–4.63 0.08

SBP at discharge 1.00 0.98–1.01 0.65

NYHA class III/IV (NYHA I/II as reference) at discharge 0.39 0.20–0.75 0.01

Heart rate at admission 1.05 1.03–1.07 < 0.001

Hemoglobin concentration at admission 0.89 0.75–1.04 0.16

Left ventricular ejection fraction 1.00 0.96–1.04 0.90

Beta-blocker dosage at discharge 1.05 0.96–1.17 0.28

Drugs lowering heart rate* 0.43 0.21–0.86 0.02

Bolded text indicates p-values < 0.05. *Other than beta-blockers; bpm — beats per minute; CI — confidence interval; ESC-HF-LT — European 
Society of Cardiology Heart Failure Long-Term Registry; NYHA — New York Heart Association; OR — odds ratio; SBP — systolic blood  
pressure 
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There was a difference in terms of adequate HR 
control between the ESC-HF-Pilot and ESC-HF- 
-LT groups in favor of the latter. Unfortunately, still 
more than half of the patients were not optimally 
treated (HR was ≥ 70 bpm). This was despite the 
fact that the percentage of the patients receiving 
HF guideline-recommended drugs was higher in 
the ESC‑HF‑LT registry in comparison with the 
ESC‑HF-Pilot group [29].

On the other hand, it may be emphasized that 
the therapeutic benefit correlates with the degree 
of HR reduction, and not with the dose of the beta-
-blocker, and the optimal HR should be the goal of 
HF therapy. A meta-analysis by McAlister et al. [30]  
showed that a 5-bpm reduction in HR reduces 
mortality by 18%. While, every 1 bpm increase in 
HR the increases the risk by 3% [2]. In the current 
study the group with HR < 70 bpm patients had  
a more than twice the rate of amiodarone use than 
the group with HR > 70 bpm, which could result 
in better HR control.

In the present study, in the multivariable 
analysis it was observed that younger age, lower 
NYHA class at discharge, higher HR on admis-
sion and no use of HR lowering medications 
were independent predictors of poor HR control  
(HR ≥ 70 bpm). A study assessing, i.e., the extent of 
HR reduction achieved in clinical practice, showed 
that patients with increased HRs were younger, 
more often male, with a higher NYHA class and 
lower LVEF [31]. 

The suboptimal use of chronotropic negative 
therapy is observed especially in patients with co-
existing lung diseases [32]. It should be noted that 
the use of beta-blockers in patients with chronic 
obstructive pulmonary disease is not only safe 
but it also reduces their all-cause and in-hospital 
mortality [32, 33]. Therefore, apart from typical HF 
medications, adequate HR control and treatment 
of comorbidities should constitute a cornerstone 
element of HF therapy. 

Limitations of the study
The inclusion of real‑life patients followed-up 

by cardiologists is an important advantage of the 
ESC-HF registries; however, there are limitations 
that have to be acknowledged. First, it is the partial 
incompleteness of the data and its observational 
character. Second, the registries did not primarily 
focus on heart rhythm analysis. Thirdly, taking into 
account the fact that the mean HR is slightly higher 
in females than in males of the same age, it should 
be noted that females were underrepresented in 
the current study. Fourthly, in the analysis there 

was a marked difference is hemoglobin levels be-
tween the HF groups with HR < 70 and ≥ 70 bpm 
[34]. Anemia is a known risk factor that can cause 
a hyperdynamic circulatory state and affect resting 
HR and could have altered the HR control [35].

Conclusions

The results of this study suggest that HR 
control in real-life patients with HF only slightly 
improved over time (between the ESC-HF-Pilot 
and ESC-HF-LT groups), and it remains unsatisfac-
tory. This might be due to the suboptimal use and 
dosage of HF guideline-recommended medications, 
particularly of beta‑blockers and ivabradine.
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