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Abstract

Aims Ivabradine is indicated for heart failure (HF) patients with reduced ejection fraction (HFrEF), but limited data are avail-
able with regards to the use of ivabradine in those with a history of paroxysmal atrial fibrillation (AF). To assess the effect of
ivabradine in HFrEF patients with paroxysmal AF, we analysed heart failure (HF) hospitalization and mortality from
multiple-centre registry database.
Methods and results We conducted a multicentre observational matched cohort study, and this study enrolled patient with
symptomatic HFrEF from 1 January 2015 to 31 December 2018 who had a history of paroxysmal AF in Chang Gung Memorial
Hospital medical database in Taiwan. A total of 2042 patients were eligible for the study, of whom 887 were prescribed with
ivabradine and 1115 were not. The primary outcome, including HF hospitalization and cardiovascular death, and individual
outcome during the 12 month observation period were analysed after inverse probability of treatment weighting. The
ivabradine group had significantly lower mean heart rate after 12 months follow-up than the non-ivabradine group
(P < 0.05). The primary outcome was significantly higher in the ivabradine group than the non-ivabradine group after
12 months follow-up (hazard ratio [HR] = 1.58; 95% confidence interval [CI], 1.26–2.00, P < 0.001). Moreover, the ivabradine
group had a significantly higher event rate of HF hospitalization (HR = 1.56; 95% CI, 1.40–1.75, P < 0.001) and HF death
(HR = 1.67; 95% CI, 1.14–2.44, P = 0.009) than the non-ivabradine group.
Conclusions Ivabradine treatment was associated with an increased risk of HF hospitalization in symptomatic HFrEF patients
with a history of paroxysmal AF. Further prospective randomized studies are warranted.
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Introduction

Heart failure (HF) is associated with high mortality, and an el-
evated resting heart rate (HR) is also associated with adverse
outcomes. Reducing HR is an important issue in the manage-
ment of HF, and particularly those with HF reduced ejection
fraction (HFrEF). Ivabradine is a specific inhibitor of If current
in the sinoatrial node.1 In the Systolic Heart failure treatment
with the If inhibitor ivabradine Trial (SHIFT) study, the reduc-

tion in HR with ivabradine treatment in symptomatic patients
with left ventricular ejection fraction (LVEF) ≤ 35% and sinus
rhythm with HR ≥ 70 beats per minute (b.p.m.) was associ-
ated with significant lower rates of cardiovascular (CV) death
and hospitalization for worsening HF.2 Following the SHIFT
study, ivabradine was listed as a class IIa indication in the
2016 European Society of Cardiology (ESC) guidelines for
symptomatic patients with LVEF ≤35% who are in sinus
rhythm with a resting HR ≥ 70 b.p.m. and who are unable
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to tolerate or are contraindicated for an evidence-based dose
of beta-blockers. Ivabradine is indicated only for patients
mainly in sinus rhythm, and not in those with persistent or
chronic atrial fibrillation (AF).3,4 Hyperpolarization-activated
cyclic nucleotide-gated cation channel 4 has been identified
in experimental animal models to be the primary gene re-
sponsible for If current expression throughout the
myocardium,5 and this has raised interest in the possible role
of ivabradine in ventricular rate control in AF.6 Preclinical
studies of ivabradine in animal models with induced AF and
preliminary human data have suggested that ivabradine can
reduce HR without associated hemodynamic complications
in patients with AF.6 According to the 2021 update to the
2017 ACC expert consensus decision pathway for optimiza-
tion of HF treatment, a history of paroxysmal AF is not a con-
traindication to ivabradine, and in the SHIFT study, around 8%
of the patients had a history of paroxysmal AF.4 However, the
clinical outcomes of ivabradine treatment in symptomatic
HFrEF patients with a history of paroxysmal AF remain un-
known. Accordingly, we conducted this study using the Chang
Gang Memorial Hospital (CGMH) Medical System database to
investigate the clinical outcomes of symptomatic HFrEF pa-
tients with a history of paroxysmal AF, who were in sinus
rhythm and prescribed with ivabradine.

Materials and methods

Database

The data of this study population were acquired from the
CGMH Medical System in Taiwan, which consists of four ter-
tiary care medical centres and three major teaching hospitals
with approximately 280 000 admissions per year and a total
of 10 050 beds.7 Data on diagnoses, laboratory data, medica-
tions, echocardiography, imaging and detailed chart records
of each patient were collected from the CGMH medical data-
base, which contained the records from 1 January 2001 to 31
December 2018. Although the identity of the patient (i.e.
chart number or national identification number) was
encrypted to protect personal information, each patient had
a personal identification number (PIN) which made the med-
ical records of each patient in different datasheets across
CGMH medical database could be linked to these PINs. The
CGMH medical database has been described in detail
elsewhere.8 The study protocol was approved by the Institu-
tional Review Board of CGMH (IRB no. 201900572B0).

Study design

This retrospective, multicentre, cohort study comprised
35 779 patients who had been admitted for HF from 1 Janu-
ary 2015 to 31 December 2018. Among these patients, 9732

patients who had a diagnosis of paroxysmal AF before the in-
dex date were included. The date of prescribing ivabradine
was defined as the index date in the ivabradine group. To
avoid immortal time bias (survival bias), the index date of
the non-ivabradine group was assigned as that of the
ivabradine group.9 According to the ESC guidelines,3 enrol-
ment criteria of the SHIFT study2 and selected criteria of
SHIFT-type patients in Swedish HF registry,10 ivabradine
should be prescribed to patients who were in sinus rhythm
and had reduced LVEF. We first excluded patients without
electrocardiography (ECG) data (n = 2893). We then excluded
patients whose ECG showed AF within 1 month before or at
the index date to ensure that the prescription for ivabradine
conformed to the ESC guidelines and the exclusion criteria of
the SHIFT study.2 The other exclusion criteria were (i) those
with echocardiography within 3 months before the index
date showing a LVEF >40% or without data of LVEF; (ii) those
received cardiac resynchronization therapy before the index
date; (iii) those who did not have ECG or echocardiography
reports within 3 months before the index date and those
who did not attend follow-up visits after the index date. Fi-
nally, 2042 patients were eligible for the study, of whom
887 were prescribed with ivabradine (ivabradine group) and
1115 patients were not prescribed with ivabradine (non-
ivabradine group). The flowchart of the study design was il-
lustrated in Figure 1.

The clinical outcomes and definition

Clinical outcomes were assessed during the 12 month
follow-up period. The primary endpoint was CV death and
HF hospitalization. The other clinical outcomes included
all-cause mortality, all-cause hospitalization and CV hospitali-
zation. CV death was defined as death caused by an acute
myocardial infarction, sudden cardiac death, or death due
to HF, stroke, CV procedures, CV haemorrhage, and other
CV causes.11 HF hospitalization was defined as unscheduled
hospitalization with new or worsening symptoms or signs,
and diagnostic test results consistent with the diagnosis of
HF. In addition, a significant augmentation in oral diuretics,
the initiation of intravenous diuretics or vasoactive agents,
or receiving mechanical ventilation or mechanical support
was also required to define HF hospitalization.11 Worsening
renal function was defined as either a decline in estimated
glomerular filtration rate (eGFR) > 50% from baseline or a
decline in eGFR >30 mL/min/1.73 m2 from baseline com-
bined with a follow-up value >60 mL/min/1.73 m2. Out-
comes of worsening renal function were only assessed if
eGFR data were available at both baseline and 12 month
follow-up or the last follow-up visit.

Left ventricle (LV) and left atrium (LA) were also assessed
during the follow-up period. LVEF, LV end diastolic dimension
(LVEDD), and LA size were assessed from parasternal or apical
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views using the standard M-mode or 2D Simpson method in
transthoracic echocardiography. Data of HR at the 1st, 3rd,
6th, and 12th month follow-ups were also recorded.

Covariates

The covariates were demographics (age and sex), vital signs
(mean arterial pressure and HR), the duration between the
initial diagnosis of HF and the index date, annual number of
previous HF admissions, comorbidities (including hyperten-
sion and diabetes mellitus), previous hospitalization for myo-
cardial infarction or stroke, baseline echocardiography (LVEF,
LVEDD, and LA), baseline laboratory data (including
haemoglobin and creatinine) and the use of medications (in-
cluding beta-blockers and digoxin). A complete list of the co-
variates is shown in Table 1. Information of these covariates
was extracted from outpatient and inpatient claims data
(for diagnosis), laboratory records, echocardiography, phar-
macy records, and detailed chart records from the CGMH
medical databases.

Statistics

We created an inverse probability of treatment weighting
(IPTW)-adjusted cohort based on propensity score to achieve

comparability between the study groups (ivabradine vs. non-
ivabradine) when comparing outcomes. Compared to pro-
pensity score matching (PSM), the main advantage of IPTW
is without loss of sample size and therefore, yields a greater
statistical power. The propensity score was calculated using
multivariable logistic regression where the study group was
regressed on all of the covariates (listed in Table 1, except
for follow-up month which was replaced by the index date).
We used a stabilized weight to mitigate the impact of ex-
treme propensity scores.12 The balance of covariate distribu-
tion between groups was checked using the absolute value of
the standardized difference (STD) before and after weighting,
where a value of <0.2 was considered to be a small
difference.

In addition, due to the existence of missing echocardio-
graphic data of LVEDD and LA diameter and laboratory data,
the missing values were first imputed using the single
expectation–maximization (EM) imputation method, and
IPTW was conducted using the imputed data. An EM algo-
rithm is an iterative method to find maximum likelihood of
the parameter estimates in statistical models, where the
model depends on unobserved latent variables. Compared
the conventional methods to impute missing data (i.e. mean
imputation, regression-based methods, etc.), the methods
based on EM algorithm provide more precise imputed values
and are more robust to the assumptions.13 The risks of time
to event outcomes between groups were compared using a

Figure 1 Flow chart of the study population. AF, atrial fibrillation.
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Cox proportional hazard model. To come closer to randomi-
zation, the aforementioned Cox model was also conducted
using the cohort after PSM. Each patient in the ivabradine
group was matched to one patient in the non-ivabradine
group. The PSM was processed using a greedy,
nearest-neighbour algorithm, with a calliper of 0.2-times the
standard deviation of the logit of the propensity score, with
random matching order and without replacement. The data
of echocardiography (LVEF, LVEDD, and LA) at the 12th
month and HR at follow-up visits between groups were com-
pared using a linear regression model. A two-sided P value of
<0.05 was considered to be statistically significant. All statis-
tical analyses were performed using SAS Version 9.4 (SAS In-
stitute, Cary, NC, USA).

Results

Patient characteristics

Among the 2042 HFrEF patients who had a history of parox-
ysmal AF enrolled in this study, there were 887 patients
(mean age: 62.3 ± 16.0 years) in the ivabradine group and
1115 patients (mean age: 63.2 ± 14.0 years) in the non-
ivabradine group (STD = �0.06). Table 1 shows the baseline
characteristics of the ivabradine and non-ivabradine groups.
Before IPTW, there were no significant differences in age
and gender between the two groups. The ivabradine group
had a mean HR of 93.2 ± 16.6 b.p.m., which was significantly
higher than that in the non-ivabradine group (83.6 ± 16.3 b.p.
m.; STD = 0.59). The ivabradine group had slightly lower prev-
alence rates of hypertension, diabetes mellitus and dialysis,
and worse LV function (mean LVEF: 26.8 ± 7.5% vs.
31.3 ± 6.9%; STD = �0.62)) than the non-ivabradine group.
In addition, a higher proportion of the patients in the
ivabradine group had a longer interval (>12 months) from
the diagnosis of HF to the index date, whereas a higher pro-
portion of the patients in the non-ivabradine group had a
shorter interval (≤6 months) from the diagnosis of HF to

the index date. In terms of baseline medications, the
ivabradine group had higher prescription rates of angiotensin
converting enzyme inhibitors (ACEis) or angiotensin receptor
blockers (ARBs), digoxin, diuretics and spironolactone, but a
comparable prescription rate of beta-blockers compared to
the non-ivabradine group. After IPTW adjustments, all covar-
iates listed in Table 1 were well-balanced between the two
groups (Supporting Information, Figure S1). In addition, the
data before and after EM imputation and missing rate of each
covariate were provided in the supplement (Supporting Infor-
mation, Table S1).

Heart rate during the follow-up period

The mean follow-up durations were 7.7 ± 4.2 and
7.4 ± 4.2 months in the ivabradine and non-ivabradine groups
after IPTW adjustment, respectively (STD = 0.05). HR data at
the 1st, 3rd, 6th, and 12th month follow-ups in both study
groups are summarized in Supporting Information, Table S2
and Figure 2. There was a trend of reduction in HR during
the follow-up period in both groups. In the ivabradine group,
the HR was lower at 1, 3, 6 and 12 month follow-ups
(78.3 ± 17.4, 77.9 ± 16.3, 77.9 ± 15.3 and 76.4 ± 16.9 b.p.
m., respectively) compared with baseline HR (87.2 ± 17.2 b.
p.m.). In the non-ivabradine group, the HR values at 1, 3, 6
and 12 month follow-ups were lower (81.9 ± 15.4,
81.3 ± 15.3, 80.3 ± 16.1 and 80.1 ± 15.9 b.p.m., respectively)
compared with baseline HR (89.1 ± 18.6 b.p.m.). Of note, the
ivabradine group, with a mean daily dose of 7.6 ± 2.5 mg/day
(Supporting Information, Table S3), had a significantly lower
mean HR at each follow-up visit than the non-ivabradine
group (Supporting Information, Table S2 and Figure 3).

Clinical outcomes

Comparisons of the clinical outcomes between the two study
groups after IPTW are summarized in Table 2 and Figure 4.
After 12 months follow-up, the primary outcome of HF hospi-

Figure 2 The mean and standard error of heart rate at the follow-up visits in the ivabradine and non-ivabradine groups in the IPTW-adjusted cohort. b.
p.m., beats per minute; IPTW, inverse probability of treatment weighting.
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Figure 3 Differences in heart rate at the follow-up visits between the ivabradine and non-ivabradine groups in the IPTW-adjusted cohort. CI, confi-
dence interval; IPTW, inverse probability of treatment weighting.

Table 2 Clinical outcomes and echocardiographic parameters between the two groups after 12 months follow-up

Before IPTW adjustment After IPTW adjustment After IPTW adjustment

Valid
N

Ivabradine
(n = 887)

Non-ivabradine
(n = 1155) Ivabradine

Non-
ivabradine

Ivabradine vs. Non-
ivabradine

Survival outcomes HR (95% CI) P value
Primary outcome
CV death or HF

hospitalization
2042 404 (45.5) 340 (29.4) 44.5% 29.5% 1.58 (1.26–2.00) <0.001

Mortality outcome
All-cause mortality 2042 142 (16.0) 102 (8.8) 12.9% 8.5% 1.48 (1.06–2.07) 0.022
CV death 2042 124 (14.0) 91 (7.9) 11.2% 7.8% 1.42 (0.99–2.03) 0.057
Heart failure death 2042 109 (12.3) 72 (6.2) 10.1% 6.0% 1.67 (1.14–2.44) 0.009

Other outcome
All-cause hospitalization 2042 382 (43.1) 401 (34.7) 43.8% 33.4% 1.33 (1.20–1.46) <0.001
CV hospitalization 2042 357 (40.2) 379 (32.8) 40.9% 31.9% 1.27 (1.15–1.41) <0.001
HF hospitalization 2042 327 (36.9) 286 (24.8) 38.0% 24.8% 1.56 (1.40–1.75) <0.001
Worsening renal

function*
1789 39 (4.8) 30 (3.1) 4.1% 3.3% 1.28 (0.78–2.10) 0.332

Results from
echocardiography

B (95% CI) P value

LVEF, % 1200 38.8 ± 16.1 41.4 ± 15.1 41.6 ± 15.7 39.8 ± 14.9 1.80 (�0.54, 4.14) 0.132
LVEDD, mm 1181 59.4 ± 10.6 57.3 ± 9.3 59.0 ± 10.2 58.2 ± 9.4 0.80 (�0.73, 2.32) 0.306
LA, mm 1169 42.1 ± 7.6 42.0 ± 7.4 42.3 ± 7.6 42.4 ± 8.0 �0.09 (�1.50,

1.31)
0.897

IPTW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence interval; CV, cardiovascular; HFH, heart failure hospital-
ization; B, regression coefficient; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic dimension; LA, left atrium.
*A decline in eGFR >30 mL/min/1.73 m2 from baseline for patients whose baseline eGFR was <60 mL/min/1.73 m2 or a decline in eGFR
>50% from baseline for patients whose baseline eGFR was ≥60 mL/min/1.73 m2.

Figure 4 The cumulative event rate of the primary outcome of cardiovascular death and heart failure hospitalization (A), and heart failure hospital-
ization (B) between the ivabradine and non-ivabradine groups in the IPTW-adjusted cohort. CI, confidence interval.
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talization and CV death was significantly higher in the
ivabradine group than the non-ivabradine group (44.5% vs.
29.5% at 12 month follow-up; hazard ratio [HR] = 1.58; 95%
confidence interval [CI], 1.26–2.00, P < 0.001) (Table 2 and
Figure 4A). The difference in the primary outcome was mainly
driven by HF hospitalization. The ivabradine group had a sig-
nificantly higher event rate of HF hospitalization than the
non-ivabradine group (38.0% vs. 24.8% at 12 month follow-
up; HR = 1.56; 95% CI, 1.40–1.75, P < 0.001) (Table 2 and Fig-
ure 4B). After 12 months follow-up, the ivabradine group had
a significantly higher event rate of all-cause mortality (12.9%
vs. 8.5%; HR = 1.48; 95% CI, 1.06–2.07, P = 0.022) and HF
death (10.1% vs. 6.0%; HR = 1.67; 95% CI, 1.14–2.44,
P = 0.009) than the non-ivabradine group. Furthermore, after
12 months follow-up, the ivabradine group had a significantly
higher event rate of all-cause hospitalization (43.8% vs.
33.4%; HR = 1.33; 95% CI, 1.20–1.46, P < 0.001) and CV hos-
pitalization (40.9% vs. 31.9%; HR = 1.27; 95% CI, 1.15–1.41,
P < 0.001) than the non-ivabradine group (Table 2).

Echocardiographic parameters and renal
outcomes

After 12 months follow-up, there were no significant differ-
ences in LVEF, LVEDD, and LA size between the ivabradine
and non-ivabradine groups (Table 2). After 12 months fol-
low-up, there was no significant difference in the rate of
worsening renal function between the ivabradine and
non-ivabradine group (Table 2).

Subgroup analysis of patients with left ventricular
ejection fraction ≤35% that were consistent with
the participants in SHIFT study

There were 786 (88.6%) patients in the ivabradine group and
772 (66.8%) in the non-ivabradine group, whose LVEF were
≤35%. The HR was still significantly lower in the ivabradine
group than in the non-ivabradine group at different
follow-up time. The comparisons of the clinical outcomes
and LV function between the ivabradine group and
non-ivabradine group with LVEF ≤35% after IPTW are summa-
rized in Supporting Information, Table S4. After 12 months
follow-up, the primary outcome of HF hospitalization and
CV death was significantly higher in the ivabradine group
than in the non-ivabradine group (43.4% vs. 30.9%;
HR = 1.47; 95% CI, 1.15–1.87, P = 0.002). Similarly, CV death,
HF hospitalization and all-cause hospitalization were signifi-
cantly higher in the ivabradine group than in the
non-ivabradine group (Supporting Information, Table S4).
There were no differences in the LVEF, LVEDD, and LA size be-
tween the ivabradine group and non-ivabradine group with
LVEF ≤35%.

Sensitivity analysis by propensity-score matching

The clinical outcomes, echocardiographic results and HR were
analysed after PSM and these were summarized in
Supporting Information, Table S5. Briefly, HR was lower in
ivabradine group than non-ivabradine group in the 12 month
follow-up period. After 12 months follow-up, the primary out-
come of HF hospitalization and CV death was significantly
higher in the ivabradine group than in the non-ivabradine
group (43.6% vs. 31.4%; HR = 1.47; 95% CI, 1.20–1.78,
P < 0.001). Similarly, HF hospitalization was significantly
higher in the ivabradine group than in the non-ivabradine
group (35.4% vs. 26.2%; HR = 1.37; 95% CI, 1.10–1.70,
P = 0.006) (Supporting Information, Table S5). There were
also no differences in the LVEF, LVEDD, and LA size between
the ivabradine group and non-ivabradine group after PSM.

Discussion

In this study, we found that symptomatic HFrEF patients with
a history of paroxysmal AF prescribed with ivabradine had a
significantly lower mean HR than those not prescribed with
ivabradine. However, the incidence rates of CV death and
HF hospitalization were significantly higher in the ivabradine
group than in the non-ivabradine group, even though there
were no differences in the rates of worsening renal function
and LVEF after 12 months follow-up between the two groups.

Pre-existing AF was an exclusion criterion in the SHIFT
study, in which ivabradine treatment reduced HR by 8.1 b.p.
m. and resulted in a 5% reduction in hospitalization for wors-
ening HF. However, patients in the ivabradine group were
more likely to develop new-onset AF (ivabradine 9% vs. pla-
cebo 8%; P = 0.012).2 Moreover, ivabradine treatment was as-
sociated with a relative risk of AF of 1.15 (95% CI 1.07 to 1.24,
P = 0.0027) among 21 571 patients in a previous meta-
analysis.14 Although several case reports and one
small-volume randomized controlled study reported that
ivabradine significantly decreased the ventricular rate in pa-
tients with non-paroxysmal AF compared to placebo,15–18

the clinical outcomes of ivabradine treatment in symptomatic
HFrEF patients with a history of paroxysmal AF remain un-
known. In this study, we showed that symptomatic HFrEF pa-
tients with a history of paroxysmal AF prescribed with
ivabradine had significantly higher incidence rates of CV
death and HF hospitalization than those without ivabradine,
despite a significantly lower HR in the ivabradine group.
Our results suggest that ivabradine may not be suitable for
symptomatic HFrEF patients with a history of paroxysmal
AF. Several potential mechanisms may explain our observa-
tions. Ivabradine may contribute to new-onset AF as shown
in SHIFT study and previous meta-analysis.14 Prior study with
heart failure rabbit model showed that ivabradine treatment
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increased pulmonary vein arrhythmogenesis and contributed
to the development of AF, particularly in HF rabbits.19 There-
fore, we hypothesized that ivabradine might increase AF bur-
den in symptomatic HFrEF patients with a history of paroxys-
mal AF and AF burden has been reported to be associated
with mortality and hospitalization for HF in patients with
HFrEF.20 The increased AF burden potentially induced by
ivabradine could contribute to our results that ivabradine
group had higher incidence rates of CV death and HF hospi-
talization than non-ivabradine group despite that ivabradine
group had a lower mean HR.

There were several limitations to this study. First, it is a ret-
rospective cohort study, and we could not rule out bias in our
study. Although some baseline characteristics, such as dura-
tion of HF and prescription rates of medications, were rela-
tively different between the two groups, we conducted IPTW
to match all important baseline characteristics between the
two groups in order to minimize the effect of baseline charac-
teristics on clinical outcomes. However, some baseline char-
acteristics, such as physical activity, fragile status and func-
tional class, could not be adjusted. Second, HR is an
important parameter in ivabradine studies. However, we
could not completely exclude daily variations in HR during
follow-up. Lastly, we hypothesized that ivabradine may
contribute to increased AF burden in HFrEF patients, and AF
burden was associated with mortality and hospitalization
for HF in HFrEF patients.20 However, we did not specifically
examine AF burden during follow-up in this retrospective
cohort study.

Conclusion

Ivabradine treatment was associated with an increased risk of
HF hospitalization and CV death in symptomatic HFrEF pa-
tients, including those with LVEF ≤ 35%, with a history of par-
oxysmal AF. Further large prospective randomized studies are
warranted to validate our findings.
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