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ABSTRACT

Introduction:  Ivabradine reduces heart rate (HR), 
episodes of angina, and nitrate consumption, and 
increases exercise capacity in patients with chronic 
angina (CA). In this exploratory study, myocardial 
perfusion scintigraphy (MPS) was used to evaluate 
changes in the percentage of myocardial ischemia 
after ivabradine therapy in patients with CA.
Methods:  This prospective, open-label, single-
arm study included patients with CA receiving 
maximum tolerated doses of beta blockers, who 
had a resting HR ≥ 70 bpm and had experienced 
ischemia according to MPS during an exercise 
test at baseline. Participants received ivabradine 
5 mg twice daily (titrated according to HR) con‑
comitant with beta blockers. A second MPS was 
performed after 3 months, without interruption 
of treatment with beta blockers or ivabradine. The 
primary outcome was change in the percentage of 
myocardial ischemia from baseline to 3 months. 
Time to ischemia during the exercise test, the pro‑
portion of patients presenting angina during the 
exercise test, and health status, assessed using the 

seven-item Seattle Angina Questionnaire-7 (SAQ-
7), were also evaluated.
Results:  Twenty patients (3 females) with 
a mean (± standard deviation [SD]) age of 
62.2 ± 6.5 years were included in the study, of 
whom 55% had diabetes, 70% had previous myo‑
cardial revascularization, and 45% had previous 
myocardial infarction. The percentage of patients 
with myocardial ischemia significantly decreased 
from baseline to 3 months after initiation of treat‑
ment with ivabradine (− 2.9%; 95% confidence 
interval [CI] − 0.3 to − 5.5; p = 0.031). Mean time to 
appearance of ischemia increased from 403 ± 176 s 
at baseline to 466 ± 136 s at 3 months after ini‑
tiation of ivabradine (Δ62 s; 95% CI 18–106 s; 
p = 0.008), and the proportion of patients experienc‑
ing angina during the exercise test decreased from 
40% at baseline to 5% also at 3 months (p = 0.016). 
Mean resting HR decreased from 76 ± 7 bpm at 
baseline to 55 ± 8 bpm at 3 months (p < 0.001). The 
mean SAQ-7 summary score improved from 69 ± 21 
at baseline to 83 ± 12 at 3 months (p = 0.001). No 
serious adverse effects were reported.
Conclusion:  Ivabradine added to beta block‑
ers was associated with a reduction in detectable 
myocardial ischemia by MPS in patients with CA.
Infographic available for this article.
Trial Registration:  The trial has been retro‑
spectively registered with the Brazilian Registry 
of Clinical Trials (REBEC) under the following 
number RBR-5fysqrh (date of registration: 30 
November 2023).
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Key Summary Points 

Why carry out the study?

To date, there have been no published studies 
reporting the use of myocardial perfusion 
scintigraphy (MPS) to evaluate the effect 
of ivabradine on myocardial perfusion in 
ischemic patients with chronic angina (CA) 
who are receiving concomitant beta blockers.

Since elevated resting heart rate (HR) is a 
marker of cardiovascular risk, the effects of 
reducing HR with a known agent such as 
ivabradine was evaluated using MPS in beta-
blocker–treated patients with CA.

What was learned from this study?

The primary outcome was the change in 
the percentage of myocardial ischemia after 
3 months of ivabradine therapy.

Ivabradine was associated with a decrease 
in detectable myocardial ischemia by MPS 
in patients with CA on maximum tolerated 
doses of beta blockers; these effects were 
accompanied by an increase in time to the 
appearance of ischemia and a reduction in 
angina during the exercise stress test.

Overall, duration of exercise, HR, and Seattle 
Angina Questionnaire-7 scores also improved 
after ivabradine treatment, and no serious 
adverse effects were reported.

DIGITAL FEATURES

This article is published with digital features, 
including infographic, to facilitate understand‑
ing of the article. To view digital features for this 
article, go to https://​doi.​org/​10.​6084/​m9.​figsh​
are.​25265​038.

INTRODUCTION

Although clinical practice strategies for ischemic 
heart disease (IHD) prevention and treatment 
have evolved in recent years, the consequences 
of this condition remain a significant burden on 
human health, and it remains the leading global 
cause of cardiovascular deaths [1]. IHD affects 
approximately 244 million people worldwide, 
according to 2020 estimates [2], and the preva‑
lence increases with age in both sexes [3].

Patients with IHD commonly experience 
angina, which is caused by a mismatch in oxy‑
gen supply and demand, and often precipitated 
by exercise [4]. Angina pectoris can be incapaci‑
tating and have an adverse effect on a patient’s 
quality of life (QoL), including their emotional 
well-being and ability to engage in physical 
activity [5–7].

An elevated resting heart rate (HR) is a marker 
of cardiovascular risk in the general popula‑
tion, as well as in patients with cardiovascular 
disease, and is associated with cardiovascular 
morbidity and mortality in patients with IHD 
[8, 9]. HR is a key determinant of myocardial 
oxygen consumption; an elevated HR reduces 
diastolic time and consequently affects coro‑
nary flow [7], potentially resulting in ischemia 
and angina [10]. Treatment to reduce the HR 
improves symptomatic ischemia in patients with 
chronic angina (CA) [11]. This approach targets 
the underlying mechanisms of angina instead of 
the standard approach of targeting obstructive 
IHD, and as such represents a paradigm shift in 
the approach to the management of angina and 
ischemia [12].

The European Society of Cardiology (ESC) 
guidelines on chronic coronary syndromes 
(CCS) recommend beta blockers or non-dihydro‑
pyridine calcium channel blockers for patients 
with CA and elevated HR [13]. The ESC guide‑
lines also recognize that the combination of a 
beta blocker and a second-line agent may be 
considered in selected patients according to the 
HR and blood pressure (BP) [13].

Ivabradine reduces the HR and increases the 
duration of diastole without affecting BP, vas‑
cular tone, or left ventricular systolic function 

https://doi.org/10.6084/m9.figshare.25265038
https://doi.org/10.6084/m9.figshare.25265038
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by inhibiting the “funny” current (If) in the 
sinoatrial node [11, 14, 15]. In combination with 
beta blockers, ivabradine not only reduces HR, 
the frequency of angina episodes, and nitrate 
consumption, but also increases total exercise 
duration on the exercise treadmill test (ETT) 
and improves QoL in patients with CA [16, 17]. 
Furthermore, ivabradine increases coronary flow 
reserve [18, 19] and seems to positively affect 
coronary collateral function in patients with CA 
[20].

Myocardial perfusion scintigraphy (MPS) is 
an imaging method that has long been fun‑
damental to clinical cardiovascular imaging 
and has been accepted as a reliable diagnos‑
tic tool for myocardial ischemia [21]. MPS uses 
single-photon emission computed tomography 
(SPECT) and injected radiopharmaceuticals to 
assess the extent (percentage) and severity of 
induced myocardial ischemia in the left ven‑
tricle, while simultaneously measuring left 
ventricular function and volumes [22, 23]. A 
meta-analysis demonstrated the value and 
effectiveness of MPS in assessing myocardial 
perfusion, with a sensitivity of 86% and a spec‑
ificity of 74%; the reported normalcy rate (a 
more reliable measure of performance) of MPS 
was 88% [24]. In addition to the incremental 
prognostic value over clinical assessment, MPS 
may also help to guide therapy. The amount of 
ischemia identified using MPS sets the individ‑
ual risk used for risk-based decisions regarding 
myocardial revascularization or optimization of 
medical therapy [22]. One strength of ischemia 
detection by MPS is the wealth of prognostic 
data accumulated over the years with this tech‑
nique and its association with detecting subsets 
of patients at increased risk of major cardiovas‑
cular events [25].

However, to date, no published studies have 
used MPS to evaluate the effect of ivabradine 
on myocardial perfusion. The aim of this pre‑
liminary study was to evaluate, using MPS, the 
change in the percentage of myocardial ischemia 
after adding ivabradine to a beta-blocker regi‑
men in ischemic patients with CA.

METHODS

Study Design

This prospective open-label, single-arm study 
was conducted at Quanta Diagnóstico por Ima‑
gem, a high-volume imaging center in Curitiba, 
Brazil, which has performed more than 6000 
MPS procedures annually since 2003.

Patients had to meet the following eligibility 
criteria to be included in the study: (1) diagnosis 
of CA; (2) age of 18–70 years; (2) symptomatic 
even when  on beta blockers (at maximum tol‑
erated doses); (4) resting HR ≥ 70 beats per min‑
ute (bpm); (5) sinus rhythm; (6) left ventricular 
ejection fraction (LVEF) > 40%; and (7) presence 
of myocardial ischemia at the baseline MPS, 
performed with an ETT to evaluate ischemia 
induced under controlled medical conditions. 
An upper age limit of 70 years was selected to 
ensure that all patients in our study could start 
on the same dose of ivabradine 5 mg twice daily 
(b.i.d.) (the recommended starting dosage in 
patients aged ≥ 75 years is 2.5 mg b.i.d.).

Exclusion criteria were: (1) unstable IHD; (2) 
acute myocardial infarction (MI) < 6  months 
previously; (3) LVEF ≤ 40%; (4) HR < 70 bpm; (5) 
presence of left bundle branch block; (6) a pace‑
maker;(7) inability to perform the ETT due to 
physical limitations; (8) pregnancy or nursing 
status (women); (9) contraindications to ivabra‑
dine in accordance with the summary of product 
characteristics; and (10) a contraindication to 
MPS.

The schedule of study visits and observations 
are summarized in Fig. 1. Treatment with ivabra‑
dine 5 mg b.i.d. was initiated by study investi‑
gators at the baseline visit (visit 1). Four weeks 
after ivabradine initiation, the dose was titrated 
according to HR, persistence of symptoms, and 
tolerance of the drug. The dose was increased to 
7.5 mg b.i.d. if the HR was > 60 bpm, but titrated 
down to 2.5 mg  (half of a 5 mg tablet) b.i.d. 
if, during the treatment with 5 mg ivabradine 
b.i.d., the HR decreased to < 50 bpm at rest 
or the patient experienced symptoms related 
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to bradycardia, such as dizziness, fatigue, or 
hypotension. Similarly, in patients who were 
receiving 7.5 mg ivabradine  b.i.d., the dose was 
titrated down to 5 mg b.i.d. if the HR decreased 
to < 50 bpm at rest or patients developed symp‑
toms of bradycardia. A second MPS was per‑
formed 3 months after the initiation of ivabra‑
dine (2–3 months after reaching the optimal 
dose), without interruption or change in the 
dose of the beta blocker and/or ivabradine.

The primary endpoint was the percentage of 
myocardial ischemia, which was evaluated in a 
blinded manner by the same two independent 
investigators at baseline and at 3 months. During 
the analysis of images, investigators were aware of 
neither patient identity nor ivabradine adminis‑
tration. Time to ischemia (angina, horizontal or 
down-sloping ST-segment depression of ≥ 1 mm), 
duration of exercise, and peak HR during the 
ETT were also evaluated. Patients were asked to 
answer items from the physical limitation, angina 
frequency, and QoL domains of the shortened 
seven-item Seattle Angina Questionnaire (SAQ-
7) [26] at baseline (first visit), during the second 
visit (1 month after initiation of ivabradine), and 
during the last visit (3 months after initiation of 
ivabradine).

After providing written informed consent, 
patients entered the study. Patients received 

background therapy for CCS according to con‑
temporary guidelines. The study was approved by 
the Research Ethics Committee of the Hospital 
de Clinicas da Universidade Federal do Paraná, in 
Curitiba, Paraná, Brazil (ethics approval number 
3.182.920), and all procedures were followed in 
accordance with the Helsinki Declaration of 1964, 
as revised in 2013.

Exercise Treadmill Test

Symptom-limited ETTs, using the standard Bruce 
protocol, were performed for the MPS stress test. 
Treatment for CCS, including beta blockers and 
ivabradine, was not interrupted when patients 
undertook the ETT. Time to onset of angina, time 
to limiting angina during the ETT, total exercise 
duration, and time to 1-mm horizontal or down-
sloping ST-segment depression were determined 
by the investigator. HR was obtained from the 
electrocardiogram (ECG) recording, and the rate-
pressure product was determined using BP meas‑
urements at rest and during exercise. Interrup‑
tion criteria were limiting angina, dyspnea, and 
extreme fatigue. The depression of the ST-segment 
was measured at the J-point in three consecutive 
QRS complexes with a flat baseline.

Fig. 1   Study design and procedures. Asterisk indicates 
that the MPS images were analyzed in a blinded man-
ner (both patient identity and ivabradine administration 
unknown) by two independent investigators. b.i.d. twice 

daily, ETT exercise treadmill test, MPS myocardial perfu-
sion scintigraphy, SAQ-7 seven-item Seattle Angina Ques-
tionnaire
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Myocardial Perfusion Scintigraphy

The MPS studies were performed accord‑
ing to institutional protocols following cur‑
rent guidelines. Images were acquired on the 
Ventri Cardiac Imaging System (2006 model; 
GE HealthCare, Chicago, IL, USA) or the NM 
530c Discovery Nuclear Medicine System 
(2012 model; GE HealthCare). Resting scans 
were performed 30–60 min after intravenous 
injection of the radiopharmaceutical 99mTc-
sestamibi. Stress tests were conducted on a 
separate date with another administration of 
99mTc-sestamibi, and images were acquired 
after 15–60 min of physical stress. Radiophar‑
maceutical activity was determined based on 
body mass index, and activity optimization 
was allowed by increasing acquisition time, as 
recommended by the guidelines [21, 27, 28]. 
The radiation dose applied during MPS in the 
clinic is 8.4 msV, consistent with American 
Society of Nuclear Cardiology recommenda‑
tions of a dose < 9 msV [27]. Images were pro‑
cessed using quantified SPECT gated software 
(QGS; Cedars-Sinai, Los Angeles, CA, USA) 
and analyzed by standard semi-quantitative 
visual quantification. Using the 17-segment 
polar map, each segment was scored from 0 
to 4 according to radiopharmaceutical uptake 
(0 = normal, 1 = discrete reduction, 2 = moderate 
reduction, 3 = significant reduction, 4 = absence 
of radiopharmaceutical uptake).

From the sum of values attributed to each 
segment in the stress phase, the summed stress 
score (SSS) and summed rest score (SRS) were 
obtained. The summed difference score (SDS) 
was calculated as SSS − SRS. The primary out‑
come of interest was the total ischemic burden, 
reflected by the percentage of ischemic myo‑
cardium. Normalized values were calculated by 
dividing the measured SSS, SRS, and SDS score 
by 68 (derived from a deficit of 4 points in each 
of the 17 segments of the MPS polar map) and 
then multiplying the result by 100% to convert 
the value to a percentage [21]. The degree of 
ischemia was also categorized as: (1) absent or 
minimal, if SDS < 2; (2) mild, if SDS 2–4; (3) mod‑
erate, if SDS 5–8, and (4) significant, if SDS > 8 
[29, 30]. All MPS readings were performed 

independently by two trained nuclear cardiolo‑
gists who were blinded to whether ivabradine 
was administered or not. Any disagreement was 
resolved by a consensus achieved with the assis‑
tance of a third trained nuclear cardiologist.

Statistical Methods

Sample Size Calculation

Since there are no published studies evaluating 
MPS in ivabradine-treated patients, we examined 
the sample sizes used in other published studies 
of ivabradine (between 12 and 59 patients) [15, 
18, 19]. In addition, data from the nuclear sub-
study of the COURAGE trial [23] showed a differ‑
ence in the ischemic myocardium of –2.7% with 
percutaneous coronary intervention and optimal 
medical therapy and –0.5% with optimal medical 
therapy alone.

On this basis, we estimated that 20 patients 
would be necessary to detect a 4 ± 6 percentage 
change in myocardial ischemia after treatment 
with ivabradine with a power of 80% and a two-
sided alpha of 5%, assuming a baseline myocar‑
dial ischemia of 8%.

Statistical Analyses

Continuous variables were evaluated for the 
Gaussian distribution of the data and presented 
as mean ± standard deviation (SD) if normal, or 
median (25th percentile, 75th percentile) if non-
normal. Categorical variables were presented as 
proportions. Continuous variables were compared 
before and after initiation of ivabradine treatment 
using the paired t-test or the Wilcoxon signed 
rank test if the delta between the two measure‑
ments was normal or non-normal, respectively. 
Categorical variables before and after the inter‑
vention were compared using the McNemar exact 
test. The level of significance was set as 0.05; p val‑
ues were not adjusted for multiple comparisons. 
Analyses were performed using Stata version 15 
(Stata Corp, College Station, TX, USA).



347Cardiol Ther (2024) 13:341–357	

RESULTS

Twenty patients were enrolled in the study, con‑
ducted between November 2019 and November 
2022.

Baseline Characteristics

The mean (± SD) age of the study population 
(17 males, three females) was 62.2 ± 6.5 years 
(Table  1), and the mean resting HR was 
76 ± 7 bpm (Table 2). Overall, 45% of the patients 
(n = 9) had a previous MI, 70% had previous 
revascularization (n = 14), and 55% had diabetes 
(n = 11).

Patients were already receiving appropriate 
therapy for CCS, in accordance with current 
guidelines, when enrolled in the study. Existing 
beta-blocker treatments were metoprolol (40% 
of patients; n = 8), carvedilol (25%; n = 5), nebivo‑
lol (20%; n = 4), and bisoprolol (15%; n = 3). The 
median (25th–75th percentile) daily dose was 
50 (50–100) mg of metoprolol, 5 (3.75–5) mg 
of nebivolol, and 50 (25–50) mg of carvedilol; 
all patients taking bisoprolol received a dose of 
5 mg/day. Of the 20 patients, 95% were using 
statins (n = 19) and 75% (n = 15) were on angi‑
otensin-converting enzyme inhibitors or angi‑
otensin II receptor blockers. No changes were 
made to the existing baseline therapy regimens 
during the study. After dose titration, the ivabra‑
dine dose was 5 mg b.i.d. in 13 patients (65%), 
7.5 mg b.i.d. in six patients (30%), and 2.5 mg 
b.i.d. in one patient (5%).

Three months after reaching the maximum 
tolerated dose of ivabradine, the mean (±S 
D) resting HR had decreased significantly to 
55 ± 8 bpm (p < 0.001; Table 2).

Myocardial Ischemia Determined by MPS

No change in the mean SRS (± SD) was noted 
(3.3 ± 6.9 at baseline to 3.7 ± 7.3 at 3 months; 
p = 0.38; Table  2). However, the decrease in 
the SSS from 8.4 ± 8.9 at baseline to 6.9 ± 7.9 
at 3  months was close to statistical signifi‑
cance (p = 0.071), and a significant decrease was 
observed in the absolute SDS (from 5.1 ± 4.5 at 

baseline to 3.2 ± 3.4 at 3 months; p = 0.031). An 
overall statistically significant reduction in the 
SDS percentage of myocardial ischemia of − 2.9% 
(95% CI − 0.3 to − 5.5) was calculated (from a 
mean of 7.5 ± 6.6% at baseline to 4.6 ± 5.0% after 
3 months of ivabradine treatment; p = 0.031; 
Fig. 2).

The percentage of patients with differ‑
ent degrees of ischemia at baseline and after 
3 months of ivabradine treatment is shown 
in Fig. 3 (p = 0.060). The addition of ivabra‑
dine to beta-blocker treatment resulted in an 
increase in the percentage of patients with no 
ischemia and a decrease in the percentage of 
those with mild, moderate and, particularly, 
severe ischemia.

Figure 4 provides an example of improvement 
in myocardial ischemia detected by MPS in a 
58-year-old male patient with type 2 diabetes, 
who presented with angina triggered by physi‑
cal exertion (up to 3 episodes weekly). MPS at 
baseline showed moderate to severe ischemia in 
the inferior wall and moderate ischemia in the 
anterolateral wall of the left ventricle (Fig. 4a). 
In addition, ventricular function was normal, 
LVEF after exercise was 66%, SDS was 15, and 
exercise time was 9.5 min according to the Bruce 
protocol. MPS performed 3 months after the 
initiation of ivabradine treatment showed an 
improvement in ischemia in the anterolateral 
wall and the inferior wall (persisting with mod‑
erate ischemia in the inferior wall and apex of 
the left ventricle; Fig. 4b). Normal ventricular 
function persisted, and LVEF after exercise was 
63%, SDS was 11, and exercise time increased to 
11 min (Bruce protocol).

Exercise Parameters

The proportion of patients who experienced 
angina during the ETT decreased from 40% at 
baseline to 5% after 3 months of ivabradine 
treatment (p = 0.016; Table 2). In addition, the 
mean (± SD) time taken for ischemia to appear 
increased significantly from 403 ± 176 s at base‑
line to 466 ± 136 s at 3 months (Δ62 s; 95% CI 
18–106 s; p = 0.008). Although total exercise 
duration increased from 474 ± 161 s at baseline 
to 496 ± 142 s at 3 months (Δ21 s; 95% CI − 2.0 
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to 45 s), statistical significance was not reached 
(p = 0.071). Peak HR decreased from 140 ± 9 bpm 
at baseline to 124 ± 15 bpm at the 3-month fol‑
low-up visit (p < 0.001).

Seattle Angina Questionnaire‑7 Scores

Assessment of health status, as measured by the 
SAQ-7 summary score, increased from a mean 
(± SD) score of 69 ± 21 at baseline to 83 ± 12 at 
the 3-month follow-up (p = 0.001; Table  3). 
Each domain of the SAQ-7 showed statistically 
significant improvements: (1) the angina fre‑
quency domain score increased from 79 ± 18 
at baseline to 90 ± 12 at 3 months (indicating a 
reduction in patient-reported angina frequency; 
p < 0.001); (2) the QoL domain increased from 
54 ± 29 at baseline to 71 ± 22 at 3 months (indi‑
cating an improvement of QoL; p = 0.019); and 
(3) the physical limitation domain increased 
from 75 ± 22 at baseline to 89 ± 13 at 3 months 
(indicating a reduction in physical limitations; 
p = 0.007).

Side Effects

Phosphenes (increases in brightness in limited 
areas of the visual field resulting in luminous 
phenomena even in the absence of light) were 
reported by six patients at the second visit 
(1 month after initiation of ivabradine treat‑
ment) and by eight patients at the third visit 
(3 months after reaching the maximum toler‑
ated dose of ivabradine). While three of the 
six patients who experienced phosphenes at 
the second visit did not report phosphenes at 
the third visit, the other three patients had 
persistent mild phosphenes at the third visit. 
The five remaining patients presented mild 
phosphenes at the third visit only. No inter‑
vention was necessary due to the occurrence 
of phosphenes.

Asymptomatic bradycardia (HR < 50 bpm) was 
present in three patients each at the second and 
third visits. Two of the three patients who pre‑
sented asymptomatic bradycardia at the second 
visit did not present with bradycardia at the 
third visit.

No cases of symptomatic bradycardia, hypo‑
tension, side effects requiring intervention, or 
serious adverse effects were reported in this 
study. None of the patients dropped out of the 
study.

Table 1   Baseline characteristics of patients (n = 20)

Data are presented as the number of patients (n) with the 
percentage in parentheses (%), unless otherwise indicated
ACEI Angiotensin-converting enzyme inhibitors, ARB 
angiotensin II receptor blockers, BP blood pressure, CAD 
coronary artery disease, MI myocardial infarction, MR 
myocardial revascularization, SD standard deviation

Baseline characteristics Values

Age (years), mean ± SD 62.2 ± 6.5

Female 3 (15.0%)

Hypertension 15 (75.0%)

Diabetes mellitus 11 (55.0%)

Dyslipidemia 18 (90.0%)

Current smoker 1 (5.0%)

Family history of CAD 5 (25.0%)

Previous MR 14 (70.0%)

Previous MI 9 (45.0%)

BP (mmHg), mean ± SD

 Systolic 130.1 ± 19.6

 Diastolic 75.4 ± 7.4

Beta blockers

 Metoprolol 8 (40.0%)

 Bisoprolol 3 (15.0%)

 Nebivolol 4 (20.0%)

 Carvedilol 5 (25.0%)

Other cardiovascular drugs

 Nitrate 4 (20.0%)

 Calcium channel blocker 10 (50.0%)

 ACEI/ARB 15 (75.0%)

 Diuretic 5 (25.0%)

 Cholesterol-lowering agent (statin) 19 (95.0%)
 Antiplatelets 20 (100.0%)
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DISCUSSION

The results of this study demonstrated that in 
the 20 patients with CA taking the maximum 
tolerated doses of beta blockers, treatment with 
ivabradine was associated with a decrease in 
myocardial ischemia detectable by MPS, accom‑
panied by an increase in time to appearance of 
ischemia and a reduction in the proportion (per‑
centage) of patients presenting with angina dur‑
ing the ETT.

To the best of our knowledge, this is the 
first study to report the effect of ivabradine on 
ischemia using MPS. Our rationale for choosing 
this SPECT imaging modality was twofold: (1) 
it is able to provide a quantitative evaluation 
of myocardial ischemia [22]; and (2) the result‑
ing prognostic data are valuable in determining 
the choice of treatment (optimal pharmacologic 
therapy vs. invasive treatment) in patients with 
CA [21].

Ischemia and angina typically develop dur‑
ing increased cardiac workload [31]; as such, the 

ETT is a known method to simulate exercise-
inducible ischemia [32]. Our preliminary study 
showed a significant reduction in the percent‑
age of myocardial ischemia during exercise, as 
well as in the corresponding SDS values, from 
5.1 ± 4.5 (categorized as moderate ischemia) to 
3.2 ± 3.4 (mild ischemia). Maranta et al. [32] 
previously reported that ivabradine (evaluated 
by stress echocardiography) not only reduced 
acute left ventricular dysfunction and myocar‑
dial stunning in patients with coronary artery 
disease (CAD) and exercise-inducible ischemia 
but also improved both longitudinal strain in 
ischemic segments and average global longitudi‑
nal strain value. Despite not reaching statistical 
significance, we also observed a reduction in the 
overall percentage of patients with mild, moder‑
ate, and severe ischemia, as well as an increase in 
the percentage of normal examination results at 
3 months of follow-up.

Notwithstanding the small sample size of 
our study, we demonstrated that MPS is able 
to detect regional changes in ischemia during 
ivabradine treatment. The changes shown in 

Table 2   Exercise and myocardial perfusion parameters before and 3 months after initiation of treatment with ivabradine

Data are presented as mean ± SD, unless otherwise indicated
ETT Exercise treadmill test, HR heart rate, MPS myocardial perfusion scintigraphy, SBP systolic blood pressure, SD stand-
ard deviation, SDS summed difference score, SRS summed rest score, SSS summed stress score

Parameter Before ivabradine (n = 20 
patients)

After ivabradine (n = 20 
patients)

p value

Resting HR, bpm 76 ± 7 55 ± 8  < 0.001

Exercise parameters

 Peak HR, bpm 140 ± 9 124 ± 15  < 0.001

 Peak SBP, mmHg 175 ± 16 168 ± 20 0.22

 Total exercise duration, s 474 ± 161 496 ± 142 0.071

 Time to ischemia, s 403 ± 176 466 ± 136 0.008

 Angina during ETT, n (%) 8 (40.0) 1 (5.0) 0.016

MPS parameters

 SRS, absolute values 3.3 ± 6.9 3.7 ± 7.3 0.38

 SSS, absolute values 8.4 ± 8.9 6.9 ± 7.9 0.071

 SDS, absolute values 5.1 ± 4.5 3.2 ± 3.4 0.031
 SDS, percentage of myocardial ischemia 7.5 ± 6.6 4.6 ± 5.0 0.031
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Fig. 4 are illustrative of the type of pattern seen 
on MPS imaging scans in our study. Although 
moderate ischemia persisted in the inferior wall 
and apex of the left ventricle of this patient, 
their MPS imaging scans demonstrated marked 
improvements in ischemia in the anterolateral 
wall and in the inferior wall after ivabradine 
was administered for 3 months. Reductions in 
HR and SDS were also noted, and exercise time 
increased.

There are several underlying mechanisms 
which could explain how ivabradine reduces 
myocardial ischemia as assessed by MPS. Ivabra‑
dine lowers the HR by inhibiting the If current 
in the sinoatrial node and increases diastolic 
time, improving coronary flow [15] and increas‑
ing coronary flow reserve [18, 19]. In one study, 
increased coronary flow reserve persisted even 
after HR correction (where paced HR was iden‑
tical to the HR before treatment), suggesting 

improved microvascular function [18]. Another 
study demonstrated that there was a greater 
improvement in coronary flow reserve with 
ivabradine treatment than with bisoprolol 
treatment in patients with CA, despite a simi‑
lar decrease in the HR, indicating that the effect 
of ivabradine goes beyond HR reduction [19]. 
Ivabradine improves coronary collateral func‑
tion [20], augmenting regional blood flow [31]. 
Ivabradine may also improve endothelial dys‑
function and reduce oxidative stress, thus pre‑
venting atherosclerosis [33, 34]. All these actions 
induced by ivabradine may contribute to the 
decreased myocardial ischemia and frequency 
of angina that we observed in this study.

Beta blockers are usually recommended for 
the management of patients with angina and 
a high HR [13]. In one double-blind study of 
889 patients with CA, 4 months of treatment 
with the combination of ivabradine 7.5 mg b.i.d. 

Fig. 2   Distribution of the percentage of myocardial 
ischemia before and 3 months after the initiation of ivabra-
dine treatment. The horizontal line through the box rep-
resents the median, and the lower and upper limits of the 

box represent the 25th and 75th percentiles, respectively. 
Whiskers were drawn based on 1.5-times the interquartile 
range, and the dots outside the boundaries of the whiskers 
are the outliers. SD Standard deviation
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and atenolol at the dosage commonly used in 
clinical practice led to an improvement in total 
exercise duration, time to limiting angina, time 
to angina onset, and time to 1 mm ST depres‑
sion using the standard Bruce protocol for the 
ETT [17]. However, in the present study, we did 
not find a significant increase in total exercise 
duration after 3 months of ivabradine treat‑
ment, which could be due to the lack of power 
in our study. On the other hand, we did show 
a significant increase in time to appearance of 
ischemia (angina or 1 mm ST depression) after 
3 months of ivabradine treatment (using the 
standard Bruce protocol), as well as a reduction 
in the percentage of angina during the ETT. In 
our study, patients were also on different beta 
blockers, which might have affected the results.

Data from 33,177 patients  in the CLARIFY 
registry showed that despite a high percent‑
age of beta-blocker usage, 44% of the patients 
with chronic stable angina had a resting HR 
of > 70 bpm and that this HR was associated 

with more frequent angina and ischemia [35]. 
In our study, in which all patients were on the 
maximum tolerated doses of beta blockers, the 
mean (± SD) HR of 76 ± 7 bpm before initiating 
ivabradine treatment decreased to 55 ± 8 bpm 
(p < 0.001) after 3 months of ivabradine treat‑
ment. The BEAUTIFUL trial showed that in 
patients with stable CAD and left ventricular sys‑
tolic dysfunction with a HR of ≥ 70 bpm, ivabra‑
dine in addition to the appropriate conventional 
cardiovascular treatment was associated with a 
36% reduction in hospital admissions for fatal 
and non-fatal MI and a 30% reduction of coro‑
nary revascularization [36].

There are conflicting views on the presence 
of myocardial ischemia being a predictor of car‑
diovascular events. On one hand, the ISCHEMIA 
[37, 38] and MASS [39] studies have shown that 
chronic myocardial ischemia does not increase 
the risk of major cardiovascular events, while 
on the other hand, the PROMISE study found 
that not only the presence, but also the extent 

Fig. 3   Percentage of participants with different degrees of ischemia according to the SDS before and after 3  months of 
ivabradine treatment. SDS Summed difference score
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Fig. 4   Myocardial perfusion scintigraphy images for a 58-year-old male patient. a On presentation, b after 3  months of 
ivabradine treatment
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of myocardial ischemia is associated with an 
increased the risk of major cardiovascular events 
[40].

Failure to increase doses of beta blockers and 
discontinuation of therapy could worsen CA 
and increase the HR [41] while, to the contrary, 
increasing doses of beta blockers could cause 
hypotension and lead to a higher risk of wors‑
ening angina [42] and cardiovascular events 
[43]. Previous studies have shown that the addi‑
tion of ivabradine to beta blockers resulted in 
more pronounced anti-anginal efficacy than 
the up-titration of beta blockers, and that the 
combination was better tolerated [16, 44, 45]; 
moreover, this approach was associated with an 
improvement in patient-reported outcomes [16, 
44]. Consistent with these data, we found that 
adding ivabradine to the treatment regimen of 
patients who were already receiving the maxi‑
mum tolerated doses of beta blockers led to a 
significant improvement in all three domains of 
angina frequency, QoL, and physical limitation 
on the SAQ-7. This tool has become an increas‑
ingly important and commonly used instrument 
for accurately quantifying patient perspectives 
about the impact of CAD on health status (i.e., 
symptoms, function, and QoL) in clinical trials 
[26].

The most common ivabradine-related side 
effects were phosphenes and bradycardia, which 
are known to be dose dependent and related to 
the pharmacological action of ivabradine [46]. 
In the present study, phosphenes were mild, did 
not require interruption or change in the dose of 

the drug, and were reported by six patients in the 
second visit (1 month after initiation of ivabra‑
dine treatment) and by eight patients in the third 
visit (3 months after reaching the maximum toler‑
ated dose of ivabradine). There were no cases of 
symptomatic bradycardia, serious bradycardia, or 
adverse effects requiring intervention.

This study was not without limitations, pri‑
marily the small sample size and the absence of 
a control group. The study was likely underpow‑
ered to detect significant differences in some of 
the parameters assessed, and without a control 
group it is difficult to exclude the potential for 
training effects or changes in patient behavior 
as a result of clinical trial participation to impact 
on outcomes. In addition, since ivabradine was 
an add-on therapy, the results after 3 months of 
treatment would be indicative of only short-term 
benefits, and another study would be needed to 
assess long-term benefits. The results obtained 
using a small sample size of 20 patients (including 
only 3 females) may not be generalizable to the 
whole population of patients with CA, and par‑
ticularly not to women. However, Kaski et al. [46] 
found that ivabradine had anti-anginal effects 
irrespective of age, sex, or angina severity. With‑
out a control group, the validity of the outcomes 
must be interpreted with caution, although analy‑
sis of the MPS images was undertaken in a blinded 
fashion and by two independent evaluators to 
limit bias and optimize the consistency of data. 
In addition, data on subsequent revascularization 
were not available since clinical endpoints were 
closed after the second MPS without long-term 

Table 3   Seven-item Seattle Angina Questionnaire scores before and 3 months after initiation of treatment with ivabradine

Data are presented as mean ± SD
QoL quality of life, SAQ-7 7-item Seattle Angina Questionnaire, SD standard deviation

SAQ-7 domain Before ivabradine (n = 20 patients) After ivabradine (n = 20 patients) p value

Physical limitation 75 ± 22 89 ± 13 0.007

Angina frequency 79 ± 18 90 ± 12  < 0.001

QoL 54 ± 29 71 ± 22 0.019
Summary score 69 ± 21 83 ± 12 0.001
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follow-up. Lastly, since the normalcy of MPS is 
88% [24], we cannot exclude the possibility that 
the imaging modality itself could have an impact 
on the results.

CONCLUSION

This study showed that ivabradine was well 
tolerated and associated with a reduction in 
the percentage of ischemia evaluated by MPS 
in patients with CA under treatment with beta 
blockers. Time to appearance of ischemia, 
proportion of patients developing angina 
during the exercise test, and overall patient 
SAQ-7 scores also improved with ivabradine 
treatment.
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