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Abstract

Objectives To assess the beneficial and harmful
effects of adding ivabradine to usual care in
participants with heart failure.

Design A systematic review with meta-analysis
and trial sequential analysis.

Eligibility criteria Randomised clinical trials
comparing ivabradine and usual care with usual
care (with or without) placebo in participants with
heart failure.

Information sources Medline, Embase, CENTRAL,
LILACS, CNKI, VIP and other databases and trial
registries up until 31 May 2021.

Data extraction Primary outcomes were all-cause
mortality, serious adverse events and quality of
life. Secondary outcomes were cardiovascular
mortality, myocardial infarction and non-serious
adverse events. We performed meta-analysis of
all outcomes. We used trial sequential analysis to
control risks of random errors, the Cochrane risk
of bias tool to assess the risks of systematic errors
and the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) to assess
the certainty of the evidence.

Results We included 109 randomised clinical
trials with 26567 participants. Two trials were
at low risk of bias, although both trials were
sponsored by the company that developed
ivabradine. All other trials were at high risk
of bias. Meta-analyses and trial sequential
analyses showed that we could reject that
ivabradine versus control reduced all-cause
mortality (risk ratio (RR)=0.94; 95%CI 0.88 to
1.01; p=0.09; high certainty of evidence). Meta-
analysis and trial sequential analysis showed
that ivabradine seemed to reduce the risk of
serious adverse events (RR=0.90; 95%CI 0.87
to 0.94; p<0.00001; number needed to treat
(NNT)=26.2; low certainty of evidence). This
was primarily due to a decrease in the risk of
‘cardiac failure’ (RR=0.83; 95%CI 0.71 to 0.97;
p=0.02; NNT=43.9), ‘hospitalisations’ (RR=0.89;
9500 CI 0.85 to 0.94; p<0.0001; NNT=36.4) and
‘ventricular tachycardia’ (RR=0.59; 95% (I
0.43 to 0.82; p=0.001; NNT=212.8). However,
the trials did not describe how these outcomes
were defined and assessed during follow-up.
Meta-analyses showed that ivabradine increased
the risk of atrial fibrillation (RR=1.19; 95% CI
1.04 to 1.35; p=0.008; number needed to harm
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SUMMARY BOX

WHAT IS ALREADY KNOWN ABOUT THIS
SUBJECT?

= Ivabradine is recommended in
patients with symptoms of heart
failure despite optimal background
therapy for reducing heart failure
hospitalisation in the 2017 American
guidelines on heart failure.

= Ivabradine is recommended for
reducing cardiovascular mortality and
heart failure hospitalisation in the
2016 European guidelines on heart
failure.

= Arecent Cochrane review did
not find evidence of a difference
between ivabradine and placebo/
no intervention on cardiovascular

mortality and serious adverse events.

(NNH)=116.3) and bradycardia (RR=3.95; 95% CI
1.88 to 8.29; p=0.0003; NNH=303). Ivabradine
seemed to increase quality of life on the Kansas
City Cardiomyopathy Questionnaire (KCCQ)
(mean difference (MD)=2.92; 950%CI 1.34 to
4.50; p=0.0003; low certainty of evidence), but
the effect size was small and possibly without
relevance to patients, and on the Minnesota
Living With Heart Failure Questionnaire
(MLWHFQ) (MD=-5.28; 95%CI -6.60 to —3.96;
p<0.00001; very low certainty of evidence), but
the effects were uncertain. Meta-analysis showed
no evidence of a difference between ivabradine
and control
mortality and myocardial infarction. Ivabradine
increase the risk of non-serious

when assessing cardiovascular

seemed to
adverse events.

Conclusion and relevance High certainty
evidence shows that ivabradine does not seem
to affect the risks of all-cause mortality and
cardiovascular mortality. The effects on quality
of life were small and possibly without relevance
to patients on the KCCQ and were very uncertain
for the MLWHFQ. The effects on serious adverse
events, myocardial infarction and hospitalisation
are uncertain. Ivabradine seems to increase the
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SUMMARY BOX

WHAT ARE THE NEW FINDINGS?

= In our systematic review, including 109 randomised
clinical trials with 26 567 participants, ivabradine
did not seem to reduce all-cause mortality,
cardiovascular mortality or myocardial infarction.

= lvabradine seemed to decrease the risk of serious
adverse events, mainly due to a reduction in cardiac
failure and hospitalisations, but these outcomes
were poorly defined and poorly assessed.

= The effect on quality of life was small and probably
without relevance to patients.

= lvabradine seemed to increase the risk of atrial
fibrillation, bradycardia and non-serious adverse
events.

HOW MIGHT IT IMPACT CLINICAL PRACTICE IN THE

FORESEEABLE FUTURE?

= Based on the evidence, the guideline
recommendations on the treatment of heart failure
with ivabradine should be reconsidered.

risk of atrial fibrillation, bradycardia and non-serious adverse
events.
PROSPERO registration number: CRD42018112082.

Introduction
Of all deaths worldwide, 30% are attributable to cardiovascular
disease.' Heart failure is characterised by symptoms related to
fluid retention such as peripheral oedema, breathlessness and
dyspnoea.” Heart failure can be caused by either functional cardiac
disease (eg, a decrease in the function of the myocardium) or struc-
tural cardiac disease (eg, disease of the cardiac valves).> * Medical
management of heart failure includes the use of beta-blockers,
angiotensin receptor blockers, ACE inhibitors and diuretics (loop
diuretics, thiazides and potassium-sparing diuretics). Ivabradine is
a relatively new drug that was first introduced into heart failure
guidelines in Europe in 2012 and in America in 2017.% ¢
Ivabradine selectively inhibits the sinus node, thereby
decreasing the heart rate. The decrease in heart rate, results in a
decreased myocardial oxygen demand and an increased myocar-
dial oxygen supply, thereby improving the mismatch seen in heart
failure.” Therefore, ivabradine might be an effective intervention
in people with heart failure.” ® A recently published Cochrane
review assessed the beneficial and harmful effects of ivabradine
in people with heart failure and included 19 trials with 19628
participants and did not find evidence of a difference between
ivabradine and control in regard to cardiovascular mortality and
serious adverse events.” Another systematic review included 10
trials with 18036 participants, did not search all relevant data-
bases, did not consider the risk of random error and did not assess
the certainty of evidence using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)." To the best
of our knowledge, no previous systematic review has assessed the
beneficial and harmful effects of ivabradine compared with usual
care (ie, placebo or no intervention) for people with heart failure,
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searching all relevant databases while considering the risks of
both systematic errors and random errors.” """

Methods

We described our methodology in detail in our protocol that was
published before conducting the literature search.” '® We reported
this systematic review according to the recommendations of the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines."” We included all trials comparing ivabra-
dine with placebo or no intervention in patients with heart failure.
Four authors (MM, EEN, S-HY and NL) independently searched
and screened for trials published prior to 31 May 2021 in Medline,
Embase, CENTRAL, LILACS, CNKI, VIP and other databases and
trial registries, see supplement 1 in online supplemental file 1 for a
detailed list of databases and trial registries. Detailed search strat-
egies are presented in supplement 2 in online supplemental file 2.
We included randomised clinical trials regardless of their design,
the trial setting, the publication status, year, language or reporting
of outcomes. Five authors (MM, EEN, NJS, NL and S-HY) worked
in pairs and independently extracted data and assessed the risks
of bias in the included trials. If data were missing or unclear,
we attempted to contact the trial authors by email. We resolved
disagreements through discussion or by consulting a third author
(JCJ).2 We planned to include non-randomised studies identified
during the literature search for the reporting of serious and non-
serious adverse events. However, we did not identify such studies
during the literature search, and we did not systematically search
for such studies. Therefore, there is a risk that we have not identi-
fied and reported on all relevant serious and non-serious adverse
events, especially those that are rare or only associated with long-
term treatment.

We predefined three primary outcomes: all-cause mortality,
serious adverse events and quality of life. We also predefined
three secondary outcomes and eight exploratory outcomes.” We
used the trial results reported at maximal follow-up for all our
outcomes.

We predefined several subgroup analyses for the assessment of
the primary outcomes:

» Trials at high risk of bias compared with trials at low risk of
bias

» Men compared with women

» Participants with a resting heart rate at or above 70 beats/min
compared with below 70 beats/min.

» Trials administering ivabradine at or above median daily dose
compared with below median daily dose

» Trials administering ivabradine at or above median duration
compared with below median duration

Assessment of risk of bias

To assess the risks of systematic errors, we assessed the risk of
bias for each included trial. The risk of bias was assessed indi-
vidually by five reviewers working in pairs (MM, EEN, NJS, S-HY
and NL)."” We assessed the risk of small study bias using funnel
plots and funnel plot asymmetry tests. We planned to assess the
risk of for-profit bias as part of the risk of bias assessment but
post-hoc decided to only acknowledge for-profit bias throughout
the review in line with the Cochrane Handbook.'®

Assessment of statistical and clinical significance

We used Review Manager V.5.4 for all meta-analyses.'® We chose
to analyse all primary and secondary outcome meta-analyses
using fixed effect due to the BEAUTIFUL and the SHIFT trials
accounting for more than 85%wt in all primary and secondary
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meta-analyses (excluding the quality of life assessment with the
Minnesota Living With Heart Failure Questionnaire (MLWHFEQ),
see the Quality of life section).”? * ' Random-effects meta-
analyses were also performed as sensitivity analyses. We used trial
sequential analysis to control random errors (see below) and we
adjusted the thresholds for statistical significance, as suggested
by Jakobsen and colleagues, to control for the risks of random
errors.”’ ° » We used three primary outcomes and, therefore,
adjusted the p value to 0.025 as the threshold for statistical signif-
icance. When analysing our secondary and exploratory outcomes,
we used a p value of 0.05 as the threshold for statistical signifi-
cance, since these outcomes were meant to be hypothesis gener-
ating.

For continuous outcome data, we converted medians and
IQRs to means and SDs and we converted SEs to SDs. Continuous
outcomes were reported using mean differences (MDs) with 95%
CIs. Dichotomous outcomes were reported using risk ratios (RRs)
with 95% CIs. We visually inspected forest plots for the presence
of heterogeneity and quantified heterogeneity using I statistics.
Meta-analyses results are presented in forest plots (see supplement
5 to 12 in online supplemental file 1).

Meta-analyses might include too few participants to obtain
enough statistical power for the reliable assessment of interven-
tion effects. Even with statistically significant results, the cred-
ibility is poor when too few participants are included, and the
intervention effects may be overestimated or underestimated. Trial
sequential analysis calculates the required information size (the
number of participants) needed to confirm or reject predefined
anticipated intervention effects.”> Furthermore, trial sequential
analysis expands the CIs when the accrued information size has
not reached the required information size. Trials included in meta-
analyses might introduce heterogeneity, which is also accounted
for in trial sequential analysis by increasing the required infor-
mation size with increasing heterogeneity.”” In an empirical
review, false positive results were present in 7 out of 100 of
Cochrane meta-analyses with a total of 14 false-positive meta-
analytic results. Trial sequential analysis would have prevented
13 of those, had it been implemented.”” Trial sequential analysis
reduces the risk of false positive results and inaccurate effect esti-
mates in systematic reviews of interventions.”” We reported the
Trial Sequential Analysis adjusted-confidence intervals (CIs) that
accounts for the uncertainty of the effect when the accumulating
data in the meta-analysis had not yet reached the required infor-
mation size. We also reported trial sequential analysis-adjusted
CIs, if the cumulative Z-curve crossed any of the trial sequential
analysis boundaries of either benefit, harm or futility.

To assess the impact of missing data, we used ‘best-worst
case’ and ‘worst-best case’ analyses.”” We used GRADE to assess
the certainty of evidence.”* >> We downgraded the certainty of
evidence by two levels due to imprecision in GRADE if the accrued
number of participants was below 50% of the diversity-adjusted
required information size (DARIS) and by one level if the accrued
number of participants was between 50% and 100% of DARIS. We
did not downgrade if the cumulative Z-curve crossed the moni-
toring boundaries for benefit, harm or futility, or the DARIS was
reached.

Results

From our literature search, we identified 4192 records. Addi-
tionally, 11 trials were identified from other sources. After
the removal of duplicates, a total of 2539 records remained.
We excluded a total of 2194 records based on their title or
abstract. We excluded another 236 records based on their full

text, see supplement 3 in online supplemental file 1. Therefore,
we included a total of 109 clinical trials randomising 26567
participants.”® ! 2732 Eighteen trials compared ivabradine with
placebolo 21262744555663687072747682919394 118 and 91 trialS Compared
ivabradine with ‘no intervention’. Of the 91 trials comparing
ivabradine with ‘no intervention’, 48 trials used guideline-based
therapy in bOth group&ZB 30 32-36 38-40 48 51 60-62 64 66 67 69 73 75 77 78 80
84-87 89 92 95-99 101 103 109 112 113 115 116 120 122 123 125 128 132 37 trialS uSGd
various beta-blockers at an equal dose in both groups other than
guideline—based therapy’29 31 41 43 45-47 49 50 52-54 57-59 71 81 83 88 90 100
102 104 106-108 110 111 114 117 119 121 124 126 127 129 131 1 trlal uSed CyCliC
AMP analogue other than guideline-based therapy,” 4 trials used
levosimendan other than guideline-based therapy*” ® ' *° and 1
trial used trimetazidine other than guideline-based therapy.’’” See
online supplemental file 2, baseline characteristics.

The BEAUTIFUL and the SHIFT trials contributed with more
than 85%wt in all primary and secondary outcome meta-
analyses.”® > For both trials, we identified methodological limita-
tions. First, neither of the trials were adequately registered prior
to randomising the first participants in 2004 and 2006, respec-
tively.” *! 13713 Therefore, it was not adequately documented that
the methodology used in the trials, including some outcomes and
participating centres, was predefined. Second, primarily based on
the results of these two trials, we found indications of a beneficial
effect of ivabradine when assessing serious adverse events (see the
Results section), primarily due to ivabradine decreasing the risk
of ‘cardiac failure’ and ‘hospitalisations’ (see the Serious adverse
events section). However, in the two trials, it was not described
how ‘cardiac failure’ and ‘hospitalisation’ were assessed during
follow-up or how ‘cardiac failure’ and ‘hospitalisation’ were
defined. In the BEAUTIFUL trial, all-cause hospitalisation was not
reported, which raises concerns of selective outcome reporting.*’
Third, in the SHIFT substudy assessing quality of life using the
Kansas City Cardiomyopathy Questionnaire (KCCQ), only 1944
participants (29.9%) of the 6505 participants analysed in the main
trial were included.”” The reason was because some countries did
not participate or did not have a translated version of the KCCQ,
but otherwise it was unclear how this selection of participants was
conducted.” Fourth, for serious and non-serious adverse events,
there were discrepancies between the data reported in the publica-
tion of the SHIFT trial when compared with the raw data presented
on ClinicalTrials.gov, see supplement 11 in online supplemental
file 1.”! *> The BEAUTIFUL and the SHIFT trials and its authors
were sponsored by the company that developed ivabradine, but
the trials were otherwise judged to be at low risk of bias. All other
included trials were judged to be at high risk of bias, see online
supplemental file 1, risk of bias. Due to these limitations, there is a
risk that we overestimate the beneficial effects and underestimate
the harmful effects of ivabradine.” '® 7

See supplement 4 online supplemental file 1 for risk of bias
graph and summary.

Primary outcomes

All-cause mortality

Two trial results were judged to be at low risk of bias (but
at risk of for-profit bias).”® *' In trials at low risk of bias,
mortality occurred in 1075 (12.3 %) of 8720 in the ivabra-
dine groups compared with 1099 (12.6 %) of 8702 in the
control groups. Meta-analysis showed no evidence of a differ-
ence between ivabradine and control on all-cause mortality
(RR=0.98; 95% CI 0.86 to 1.10; [’=58%; figure 4 in online
supplemental file 1). Meta-analysis of all trials showed a
similar result (RR=0.94; 95% CI 0.88 to 1.01; p=0.09; 22 trials;
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high certainty of evidence; figure 6 in online supplemental
file 1). Visual inspection of the forest plot and I” statistics
(I?=12%) indicated heterogeneity that might not be important.
Trial sequential analysis showed that we had enough infor-
mation to reject that ivabradine reduced the risk of all-cause
mortality by 15% (RR=0.94; 95%CI 0.86 to 1.03; p=0.09;
1’=16%; D*=61%); figure 8 in online supplemental file 1). This
outcome result was judged to be at low risk of bias (but at risk
of for-profit bias). Incomplete outcome data alone seemed to

have the potential to influence the results. Visual inspection
of the funnel plot and Harbord’s test (p=0.51) did not indi-
cate funnel plot asymmetry. See summary of findings table
(figure 1) and supplement 5 in online supplemental file 1.

Serious adverse events
Serious adverse events occurred in 3393 of 10 101 participants in
the ivabradine groups compared with 3758 of 10043 in the control

Patient or population: patients with heart failure
Setting: any setting

Intervention: vabradine

Comparison: placebo/no intervention/usual care

N of

Anticipated absolute effects

Certainty of

Outeom participants the Re:?ti\;e Risk with Risk
uicomes (studies)  evidence :507% placeboho difference
Follow-up (GRADE) (95%¢C1) intervention fisual with
care Ivabradine
8 fewer per
RR 0.94
" 19257 [CICICLe) 1.000
All-cause mortality g b 134 per 1.000
(22 RCTs) High 2.0, (0.88 to 1.01) (16 fewer to 1
more)
37 fewer per
RR 0.90
Serious adverse events 20144 @®OO 374 per 1.000 1.000
(31 RCTs) Low bicd (49 fewer to 22
(0.87 to 0.94) Fawan)

MD 2.92 higher
. 1781 8000 -
Quality of life (KCCQ) berf (1.34 higher to
(2RCTs)  Low b 4.5 higher)
MD 5.28 lower
— 221 8000
Quality of life (MLWHFQ) b (6.6 lower to
(4RCTS)  Very low 9/ 3.96 lower)
2 fewer per
RR 0.98
) . 18738 o000 1.000
Cardiovascular mortality (15 RCTs) High 2 e 103 per 1.000 (10 fewer to 6
’ : more)
0 fewer per
RR 1.00
Myocardial infarction 18190 @@OO_ 17 per 1.000 1.000
(9 RCTs) Low @i (0.80 to 1.24) (3 fewer to 4
' : more)
47 more per
RR1.10
eart 21598 CODD 1.000
Non-serious adverse events 49 RCTs) High ab:¢ 1.5 471 per 1.000 (33 more ;o 57
more

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative

effect of the intervention (and its 95% CI).

CL confidence interval; MD: mean difference; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: we are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there

is a possibility that it is substantially different

Low certainty: our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: we have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of

effect

Explanations

a. The two largest trials weighing more than 85%n all primary and secondary outcome meta-analyses and its authors were sponsored by the
company that developed ivabradine. Therefore, there was a substantial risk of for-profit bias. However, the two largest trials were otherwise at low risk
of bias and the certainty of the evidence has not been downgraded due to risk of bias.

b. The accrued information size reached the required information size in Trial Sequential Analysis. Therefore, imprecision was not present.

c. 2 statistics showed no heterogeneity or heterogeneity that might not be important. Therefore, there was no inconsistency.

d. The reporting of serious adverse events was heterogeneous. The effect was mainly attributable to a reduction in hospitalisations. However, how
hospitalisations were defined and assessed was not adequately reported or pre-defined. Therefore, the certainty of the evidence was downgraded by

two.

e. The study accounting for 95% of weight in the meta-analysis excluded 70% of the participants originally included in the main study from the quality of
life substudy due to "countries not participating or not having a translated version of the quality of life measure, otherwise it was unclear how this
selection of participants was conducted. Therefore, we downgraded the certainty of the evidence by one due to risk of bias.

f. The individual effect estimates had high variability and I2 statistics showed substantial heterogeneity. Therefore, the certainty of evidence was

downgraded by one due to inconsistency.

g. All trials were small and at high risk of bias. Therefore, the certainty of the evidence was downgraded by two due to risk of bias.
h. I statistics indicated moderate heterogeneity and two trials included an effect that was below the minimal important difference. Therefore, the

certainty of the evidence was downgraded by one due to inconsistency.

i. The accrued information size was below 50% of the required information size. Therefore, severe imprecision was present and the certainty of the

evidence downgraded by two.

Figure 1 Summary of findings. RR, risk ratio. RCTs, randomised clinical trials. GRADE, Grading of Recommendations Assessment, Development and

Evaluation.
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groups. Meta-analysis showed evidence of a beneficial effect of
ivabradine versus control on serious adverse events (RR=0.90;
95% CI 0.87 to 0.94; p<0.00001; 31 trials; number needed to treat
(NNT)=26.3; low certainty of evidence; figure 17 in online supple-
mental file 1). Visual inspection of the forest plot and I*=37%
indicated heterogeneity that might not be important. Trial sequen-
tial analysis showed that we had enough information to confirm
that ivabradine decreased the risk of serious adverse events by
10% (RR=0.90; 95% CI 0.87 to 0.94; p<0.0001; IZ=370/0; D2=850/0;
Trial sequential analysis graph not produced due to the first trial
exceeding the required information size). This outcome result was
judged to be at high risk of bias. Incomplete outcome data alone
did not seem to have the potential to influence the results. Visual
inspection of the funnel plot and Harbord’s test (p=0.32) did not
indicate funnel plot asymmetry. See Summary of findings table
(figure 1) and supplement 6 in online supplemental file 1.

Individual serious adverse events

The 31 trials reported on 1033 individual serious adverse events.
The majority of these serious adverse events were primarily
reported in the BEAUTIFUL and the SHIFT trials. For all types of
individual serious adverse events, we calculated RRs, 95% CIs and
p values.

Ivabradine may decrease the risk of the following adverse
events classified as serious by the trialists: cardiac failure
(RR=0.83; 95%CI 0.76 to 0.90; p<0.00001; Iz=410/0; NNT=43.9;
5 trials), ventricular tachycardia (RR=0.59; 95%CI 0.43 to 0.81;
1°=00%; NNT=212.8; 3 trials) and hospitalisation (RR 0.89; 95% CI
0.85 to 0.94; p<0.0001; ’=56%; NNT=37; 17 trials).

Ivabradine may increase the risk of bradycardia (RR=3.95;
950%CI 1.88 to 8.29; p=0.0003; I’=0%; number needed to harm
(NNH)=303; 3 trials).

We regarded atrial fibrillation as a serious adverse event
regardless of how it was reported in the included trials. Therefore,
we conducted a meta-analysis, including the highest proportion of
participants with atrial fibrillation as reported in the trials. Ivabra-
dine may increase the risk of atrial fibrillation (RR=1.17; 95% CI
1.03 to 1.32; p=0.02; 2=0%; NNH=129.9; 10 trials).

Quality of life
Quality of life was reported using the KCCQ in two trials,
including the SHIFT trial, analysing 1781 participants. Meta-
analysis showed evidence of a beneficial effect of ivabradine
versus control on quality of life using the KCCQ (MD=2.92; 95% CI
1.34 to 4.50; p=0.0003; low certainty of evidence; figure 27 in
online supplemental figure 1). Visual inspection of the forest plot
and 1’=86% indicated substantial heterogeneity. Trial sequential
analysis showed that we had enough information to confirm that
ivabradine increased the quality of life by 2.92 points (TSA graph
not produced due to the first trial exceeding the required infor-
mation size). This outcome result was judged to be at high risk of
bias. Incomplete outcome data seemed to have the potential to
influence the results. We predefined that we would consider the
observed SD divided by ‘2’ as the minimal important difference.”
In the trials using the KCCQ, the observed difference between
ivabradine and control was 2.92 points at follow-up. The SD was
approximately 16.8 points; hence, the minimal important clin-
ical difference was 8.4 points. Therefore, the observed difference
of 2.92 points at follow-up was only one-third of the minimal
important difference.

Quality of life was reported using the MLWHFQ in 4 trials
randomising 221 participants. In three trials, it was unclear

whether SDs or SEs were reported and these were excluded from
the analyses.” ® %> Meta-analysis showed evidence of a differ-
ence between ivabradine and control on quality of life using the
MLWHFQ (MD=-5.28; 95%CI -6.60 to -3.96; p<0.00001; very
low certainty of evidence; figure 32 in online supplemental
figure 1). Visual inspection of the forest plot and I’=35% indi-
cated moderate heterogeneity. Trial sequential analysis showed
that we had enough information to confirm MD of 5.28 points by
ivabradine (MD=-5.28; 95% CI -7.32 to -3.24; p<0.0001; 12=35%);
D?=520; figure 34 in online supplemental figure 1). This outcome
result was judged to be at high risk of bias. Incomplete outcome
data alone did not seem to have the potential to influence the
results. In the trials using MLWHFQ, the observed difference
between ivabradine and control was 5.28 points at follow-up.
The SD was 3.70; hence, the minimal important difference was
1.85 points. The observed difference of 5.28 points was above the
minimal important difference. However, the evidence was very
uncertain. See Summary of findings table (figure 1) and supple-
ment 7 in online supplemental file 1.

Secondary outcomes

Cardiovascular mortality

Two trial results were judged to be at low risk of bias (but at
risk of for-profit bias).”® *! In trials at low risk of bias, cardiovas-
cular mortality occurred in 918 (10.6 %) of 8720 in the ivabradine
groups compared with 926 (10.6%) of 8702 in the control groups.
Meta-analysis showed no evidence of a difference between ivabra-
dine and control on cardiovascular mortality (RR=0.99; 95% CI
0.86 to 1.15; p=0.91; I’=66%; figure 39 in online supplemental
file 1). Meta-analysis of all trials showed showed a similar result
(RR=0.98; 95% CI 0.90 to 1.06; p=0.58; 15 trials; high certainty of
evidence; figure 41 in online supplemental file 1). Visual inspec-
tion of the forest plot and I°=7% indicated heterogeneity that
might not be important. Trial sequential analysis showed that we
had enough information to reject that ivabradine reduced the risk
of cardiovascular mortality by 15% when compared with control
(RR=0.98; 95%¢CI 0.88 to 1.08; p=0.58; I’=7%; D*=49%; figure
43 in online supplemental file 1). This outcome result was judged
to be at low risk of bias (but at risk of for-profit bias). Incom-
plete outcome data alone did not seem to have the potential to
influence the results. Visual inspection of the funnel plot and
Harbord’s test (p=0.36) did not indicate funnel plot asymmetry.
See Summary of findings table (figure 1) and supplement 8 in
online supplemental file 1.

Mpyocardial infarction

Two trial results were judged to be at low risk of bias (but at risk
of for-profit bias).”® # In trials at low risk of bias, myocardial
infarction occurred in 144 (1.7%) of 8709 in the ivabradine groups
compared with 142 (1.6%) of 8690 in the control groups. Meta-
analysis showed no evidence of a difference between ivabradine
and control on myocardial infarction (RR=1.01; 95%CI 0.80 to
1.27; p=0.92; I’=0%; figure 49 in online supplemental file 1).
Meta-analysis of all trials showed a similar result (RR=1.00;
950 CI 0.80 to 1.24; p=0.96; 9 trials; low certainty of evidence;
figure 50 in online supplemental file 1). Visual inspection of the
forest plot and I’=0% indicated no heterogeneity. Trial sequen-
tial analysis showed that we did not have enough information to
reject that ivabradine reduced the risk of myocardial infarction by
15% when compared with control (RR=1.01; 95% CI 0.41 to 2.43;
p=0.83; I’=00%; D*=00%; figure 52 in online supplemental file 1).
This outcome result was judged to be at low risk of bias (but at risk
of for-profit bias). Incomplete outcome data alone seemed to have
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the potential to influence the results. See Summary of findings
table (figure 1) and supplement 9 in online supplemental file 1.

Non-serious adverse events

Two trial results were judged to be at low risk of bias (but at risk
of for-profit bias).?® ! In trials at low risk of bias, non-serious
adverse events occurred in 5264 (60.4%) of 8709 participants
in the ivabradine groups compared with 4798 (55.2%) of 8690
participants in the control groups. Meta-analysis showed evidence
of a harmful effect of ivabradine versus control on non-serious
adverse events (RR=1.10; 95%CI 1.00 to 1.21; p=0.05; I*=930%;
figure 57 in online supplemental file 1). Meta-analysis of all trials
showed a similar result (RR=1.10; 95% CI 1.07 to 1.12; p<0.00001;
NNH=22.5; 49 trials; high certainty of evidence; figure 59 in
online supplemental file). Visual inspection of the forest plot and
’=12% indicated heterogeneity that might not be important. Trial
sequential analysis showed that we had enough information to
confirm that ivabradine increased the risk of non-serious adverse
events by 10% when compared with control (RR=1.10; 95% CI 1.07
to 1.12; p<0.0001; I>=12%; D?=83%; figure 61 in online supple-
mental file 1). This outcome result was judged to be at low risk of
bias (but at risk of for-profit bias). Incomplete outcome data alone
did not seem to have the potential to influence the results. Visual
inspection of the funnel plot and Harbord’s test (p=0.21) did not
indicate funnel plot asymmetry. See Summary of findings table
(figure 1) and supplement 10 in online supplemental file 1.

Individual non-serious adverse events

Ivabradine may increase the risk of ‘bradycardia’ (RR=1.62;
950%CI 1.01 to 2.60; p=0.05; ’=45%; NNH=39.4; 25 trials), ‘heart
rate decreased’ (RR=4.32; 95%CI 3.39 to 5.50; [’=0%; NNH=33; 3
trials), and phosphenes (RR=4.71; 95% CI 3.67 to 6.04; p<0.00001;
1°=00%; NNH=33.8; 20 trials).

Ivabradine may decrease the risk of ‘sinus tachycardia’
(RR=0.39; 95% CI 0.27 to 0.56; p<0.00001; NNT=52.4; 2 trials) and
‘hypotension’ (RR=0.70; 95% CI 0.55 to 0.90; ’=0%; NNT=192.3;
5 trials).

Exploratory outcomes
The results of our exploratory outcomes are reported in supple-
ment 12 in online supplemental file 1.

Subgroup analyses
We predefined several subgroup analyses for the primary
outcomes.”

When assessing all-cause mortality, test for subgroup differ-
ences (p=0.06) suggested a difference between trials administering
ivabradine at or above median duration (RR=0.95; 95% CI 0.88 to
1.02) compared with trials administering ivabradine below median
duration (RR=0.47; 95%CI 0.23 to 0.99).

When assessing serious adverse events, test for subgroup
differences (p=0.005) suggested a difference between trials admin-
istering ivabradine at or above median duration (RR=0.92; 95% CI
0.88 to 0.95) compared with trials administering ivabradine below
median duration (RR=0.53; 95%CI 0.36 to 0.77).

When assessing quality of life on the KCCQ, test for subgroup
differences (p=0.007) suggested a potential difference between
trials administering ivabradine at or above median duration
(MD=2.40; 95%¢CI 0.77 to 4.03) compared with trials adminis-
tering ivabradine below median duration (MD=12.00; 95% CI 5.23
to 18.77). When assessing quality of life on the MLWHFQ, test
for subgroup differences (p=0.05) suggested a potential difference
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between trials administering ivabradine at or above median dura-
tion (MD=-13.80; 95% CI -23.17 to —4.44) compared with trials
administering ivabradine below median duration (MD=-1.14;
95% CI -9.90 to 7.61).

See the respective supplementary sections for all-cause
mortality, serious adverse events and quality of life for all
subgroup analyses.

For all other subgroup analyses, test for subgroup differences
did not show evidence of a difference between the subgroups or
the subgroup analyses could not be conducted.

Discussion

The objective of our systematic review was to assess both
the beneficial and harmful effects of adding ivabradine to
usual care versus usual care with or without placebo in people
with heart failure. We included 109 randomised clinical trials
randomising 26 567 people with heart failure. All trials were
judged to be at high risk of bias, except for the BEAUTIFUL
and the SHIFT trials that were judged to be at low risk of
bias (but at risk of for-profit bias).'® ?**' The BEAUTIFUL and
the SHIFT trials accounted for more than 85% of weight in
most meta-analysis and we did, therefore, now downgrade
the certainty of the evidence due to risk of bias for most
outcomes. However, we downgraded the certainty of the
evidence for serious adverse events due to methodological
limitations regarding the reporting of serious adverse events
(see second paragraph of the Results section). Our results must
be interpreted in the light of the high risks of bias and risks
of for-profit bias that might result in overestimation of bene-
ficial effects and underestimation of harmful effect of ivabra-
dine. Due to the BEAUTIFUL and the SHIFT trials contributing
with more than 85% of weight in all primary and secondary
outcome meta-analyses, the results and conclusions presented
in this systematic review can mostly be applied to people
matching the populations in the BEAUTIFUL and the SHIFT
trials.

Our results showed that ivabradine does not seem to affect
the risks of all-cause mortality, cardiovascular mortality and
myocardial infarction. Ivabradine seemed to decrease the risk
of serious adverse events, primarily due to a decrease in the
risk of ‘cardiac failure’, ‘hospitalisations’ and ‘ventricular
tachycardia’ However, in the BEAUTIFUL and the SHIFT trials,
and in the other trials reporting these outcomes, it was not
described how these outcomes were assessed during follow-up
or how the outcomes were defined. The effects on quality of
life using the KCCQ were small and possibly without relevance
to patients. The effects on quality of life using the MLWHFQ
were very uncertain. Ivabradine seemed to increase the risk
of atrial fibrillation, bradycardia, and non-serious adverse
events. See Summary of findings table (figure 1).

Our systematic review has strengths. First, we predefined
our methodology in detail in a protocol that was published
prior to conducting the literature search.” '® Second, we
identified a total of 109 trials, which is more than any other
previous systematic review on the topic. This has increased
our precision and, therefore, strengthened our results. The
recently published Cochrane review only identified 19 trials
with 19628 participants (90 trials less than ours).’ Third, we
used trial sequential analysis on both primary and secondary
outcomes' and we adjusted our thresholds for statistical
significance for the primary outcomes" to control the risks
of random errors. Fourth, we judged the risk of bias of all
included trials to assess the risks of systematic errors.’* *°
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Fifth, we used our eight-step procedure to assess if the thresh-
olds for statistical and clinical significance were crossed."’
Moreover, we included all randomised clinical trials identified
through our literature search without imposing restrictions on
their publication type, status, language and their reporting of
outcomes. We attempted to contact the authors of the trials if
data were incomplete or additional information was needed.

Our review also has limitations. First, all the included
trials were judged to be at a high risk of bias as well as
having a high risk of selective outcome reporting bias and
for-profit bias.'® Nine of the trials were in some way spon-
sored by the company that developed ivabradine, including
the BEAUTIFUL and the SHIFT trials that randomised 17 475
participants, accounting for more than 85% in all primary and
secondary meta-analysis.?’ 2! >° ¢ 70748193 Research has shown
that drug trials funded by manufacturing companies tend to
show more favourable efficacy results than trials funded by
other sources.'® Moreover, 18 trials were reported only as
abstracts which made the interpretation of methodology and
results problematic.zs 28-32 3439 44 73 91 9596 99 100 138-140 Therefore,
there is a risk that our results are also biased and, therefore,
overestimate the beneficial effects of ivabradine and underes-
timate the harmful effects.'® 4!~

Conclusion and relevance

High certainty evidence shows that ivabradine does not
seem to affect the risks of all-cause mortality and cardio-
vascular mortality. The effects on quality of life were small
and possibly without relevance to patients on the KCCQ and
were very uncertain for the MLWHFQ. The effects on serious
adverse events, myocardial infarction and hospitalisation
are uncertain. Ivabradine seems to increase the risk of atrial
fibrillation, bradycardia and non-serious adverse events,

Differences between the protocol and the systematic review

We conducted our literature search in parallel with another
systematic review on the effects of adding ivabradine to usual
care in participants with angina pectoris due to coronary artery
disease.'*” We originally planned to analyse and report the results,
including participants with coronary artery disease and partici-
pants with heart failure into one review, but due to clinical and
statistical heterogeneity, we decided to report the results in two
separate reviews.”
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