Table 1: Characteristics and key outcomes of pre-clinical and clinical studies included in the review.

Ist Author ~ Study Sample Size Age  Male Clinical Settin Dose of Other Concurrent Outcomes
(vear)  Design P (years) (%) ¢ Ivabradine Medication
Case reports
Ivabradine 5 mg BID improved the patient’s symptoms significantly,
and reduced mean HR to 84 bpm, with no side effects observed.
After the dose was increased to 7.5 mg BID and the patient was
discharged from the hospital, the patient reported no palpitations
with ECG showing normal sinus rhythm and mean HR of 79 bpm
Efficacy of ivabradine therapy for 5 mg BID, up- at I-week follow-up. 72-hour Holter recording showed 12,000
Cinier R | 18 o idiopathic VA originating from LV titrated to 7.5 mg None reparted PVC burden, which was significantly lower compared to before
(2022 * summit and resistant to multiple anti- BID at discharge P ivabradine treatment. To exclude the effect of catheter ablation
arrhythmic drugs and catheter ablation. and emphasize the effect of ivabradine, ivabradine treatment was
discontinued for one week. 72-hour Holter recording revealed an
overall burden of 45,000 PVC’s, indicating that the suppression of
PVC’s was due to ivabradine and not a delayed effect of catheter
ablation.
Tvabradine therapy showed suppression of ventricular ectopy and
Efficacy of ivabradine therapy in zlarrhythr.nias and a reductionl in HR. Five days aﬁgr discontinuing
Kohli R | B 100% patient with severe CPVT phenotype ~ SmgBID  Flecainide (150 mg BID); 1vabrad1ne,‘ patient exper}enced syncopal episode ~ due o
(2020 * refractory to flecainide, nadolol, and nadolol (60 mg BID) _ polymorphic VT which terminated after ICD shock. After restarting
sympathectomy. ivabradine, patient continued to do well with no side effects.
Ivabradine therapy resulted in a significant reduction in ventricular
Effect of ivabradine therapy on ectopic beats load from over 20% prior to commencement of
. . .2 25mgBID, . . " . o .
ventricular ectopic beats in patient with . ivabradine, to 4%. Additionally, cardiac resynchronization device
Mughal o . S . up-titrated to § . o
i CR 1 79 0%  non-ischemic dilated cardiomyopathy None reported ventricular pacing improved to 70%.
(2019) . ) o mg BID
undergoing cardiac resynchronization
device implantation.
Efficacy of ivabradin thera Case I: Ivabradine in combination with nadolol resulted in
Heacy oty Y e I 0.08mg/  Case 1: Nadolol (135 complete suppression of VA upon repeat exercise tests at 8, 36, and
in patients with CPVT in whom .
Vaksmann ) . kgorSmgQD.  mgkgBID). Case 2: 62 weeks after starting therapy. Treatment was well tolerated. Case
,9 cs 2 18 50%  side effects of treatment prompted ) P . L L - L
(2018) discontinuation of flecainide of nadolol Case 2:0.09 mg/ Flecainide (2.8 mg/kg or 2: Ivabradine in combination with flecainide showed significant
. “kgor S mg BID. 150 mg QD). reduction of PVCs upon repeat exercise testing 2 weeks after
)
Experimental studies
Anti-athythvic propertes of vabradine Ivabradmelz did not prevgnt gnhythmlc pacing of hlPSC-CMs from
38 stem cell . L . 6 mg/kg CPVT patients. Ivabradine did not reduce the arrhythmic phenotype
in CPVT in in vitro human induced- . . . S . .
Bueno-Levy cultures, 15 pluripotent sem cell culture, x vivo ivabradine or 20 of calcium transients in sinoatrial nodal tissue of transgenic CPVT
5 PC  sinoatrialnodal N/A  NA - . o kg TRAM- None reported mice. Compared to TRAM-34, ivabradine was unable to reduce
(2019) . mouse sinoatrial node tissue, and in vivo o . .
tissue samples, . . 34 in vivo the ventricular premature complexes and ventricular
36 mice transgenic CPVT mice, compared o tachyarrhythmias in transgenic CPVT mice.
SK4 channel inhibitor TRAM-34. yamy g '
Tvabradine exerted no significant effect on Tength of QT interval
Effect of ivabradine on digitalis-induced 4 15, P :I.ls) or actllon potelmlal duraion (_15 ms, ps), but did
. . . result in an increase in effective refractory period (+17 ms, p<0.03).
Frommeyer VAs in ex-vivo Langendorff-perfused 7.5 mg BID Ouabain (0.2 pM) . - . L
Q017 PC 13 NA  NA abbit hearts Ivabradine treatment significantly increased post-repolarization
' refractoriness (+32 ms, p<0.01) compared to sole ouabain
treatment. Ivabradine trcatmenl led to significant suppression of
Ivabra%me regucea average HR Ey 17%. Comgmek incidence of
, . , 10% chloral hydrate (3 YT/VF 2}nd mhythmlc mortality post-induced AMI was redgced
Effect of ivabradine on VAs in non- mikg body weight): in rats given ivabradine compared to control. Ivabradine partially
Mackiewicz reperfused AMI-induced male wistar 10 mg/kg & body weight): prevented proarthyhmic effects of AMI including increased Ca**
; PC 114 NA  NA acetaminophen (67 mg/ml * " . . . . L
(2014) rats drinking water) sensitivity of ryanodine receptors, increase in HCN4 expression in
s the LV and I current in LV cardiomyocytes 24 hours post-AMI, and
dispersion of monophasic action potential duration 45 minutes and
5 mak BotF; 1vagraéme_ antdi metoprolol reduced HR by 17% and
. . [ MK 10% chloral hydrate (3~ arrhythmic mortality (14% and 19%, respectively, versus 33% in
Effect of ivabradine vs. metoprolol on  ivabradine . .
. . . ml/kg body weight);  control, p < 0.05) and VAs in post-AMI rats. Both drugs reduced
Marciszek VA in non-reperfused AMI-induced ~ compared ) . o .
¢ PC 180 NA  NA . acetaminophen (67 mg/ml QTc prolongation and decreased sensitivity of ryanodine receptors
(2020) male wistar rats to 20 mg/kg L N . . )
drinking water) in isolated cardiomyocytes, but otherwise had no effect on Ca’
metoprolol
handling, velocity of conduction or repolarization. No effects of
Ivabraﬁme mguceé HR reguctlon fiotﬁ éurmg 1sc]ﬁem1a 15‘%112{
bpm vs. control 272414 bpm, p<0.05) and at reperfusion (168+13
Effect of ivabradine on reperfusion VAs bpm vs. 276+14 bpm, p<0.05), and was associated with reduced
Ng in AMI-induced ex-vivo male Sprague- 1uM reperfusion VF incidence (20% vs. 90%, p<0.05). Optical mapping
(2013)" e # NA - NA Dawley rat hearts None repoted showed a delay to ischemia-induced conduction slowing (time to

50% conduction slowing: 10.21.3 min vs. 5.140.7 min, p<0.05)
and to loss of electrical excitability in ivabradine-perfused hearts

(27.7:4.3 min vs. 14,5+0.6 min, p<0.05).




Compared to controls, ivabradife reduced HR by 31% and was
associated with a significant decrease in VF occurrence and 2.9-
Effect of ivabradine on VF in AMI- Midazolam (0.1 mg/kg); fold increase in VF threshold (p<0.001). Ivabradine prevented

(\g(l)]g;z PC 54 NA  NA induced domestic pigs 0.5mgke chloralose (100 mg/kg) ischemia-induced monophasic action potential duration shortening
without affecting peak LV pressure time derivative. Ivabradine
significantly reduced the hypoxic area compared to controls (26%
vs 38%, p<(),
Compe;’red to confrols ivabradine reduced HR by 32% (p<0.01),
Effect of ivabradine on VE, myocyte , 1ncrea§ed VF th{eshold by 2.9 times (p<0.001) apd redu?ed vthe
. . . Ketamine (20 mg/kg); hypoxic area without change to LV pressure time derivative.
Vaillant ultrastructure, and regional myocardial ~ 0.25 mg/kg . ) .
\ PC 12 NA  NA . ) . propofol (3 mg/kg), alpha- Ivabradine preserved cardiomyocyte morphology, particularly
(2011) blood flow in AMI-induced domestic . . . .
s chloralose (100 mg/kg) mitochondrial ultrastructure. Regional myocardial blood flow to
P hypoxic areas was increased following ivabradine administration
compared to baseline (+218% vs +97%, p<0.05
. . . Ivabradine and propranolol induced similar reducnon in HR (22-
Effect of ivabradine on time to onset
. . - . 26% vs. 20-21%, p<0.01 vs. control). Ivabradine was associated
. of VF in AMI-induced domestic pigs, Ketamine (20 mgkg); ., . ! o
Vaillant R 0.25 mg/kg with a significant increase in time to onset of VF (2325 s) compared
5 PC 80 NA  NA compared to control (saline) and propofol (3 mg/kg), alpha- . . .
(2013)2 mparator (propranolol) hloralose (100 mgke) to propranolol (682 s) and control (401 s). Only ivabradine partially
COmPAralor {propranciot). chioralose ks prevented the decrease in phosphocreatine-to-ATP ratio and ADP
accumulation at onset of VF.
RCTs and observational studies
2.5mg BID for Ivabradine significantly reduced resting HR by a mean of
- 49 .49 1 ioni 1
2 weeks, up Spironolactone (25 mg/ 25.9+9.4%, without significant change in blood pressure. There

Rayan
(2011)'¢

Safety and efficacy of ivabradine in titrated to 5 mg
reducing HR in patients with idiopathic BID for 2 weeks,
dilated cardiomyopathy. up-titrated to 7.5

mg BID until
end of 3 months.

was no prolongation of PR, QTc, or QRS interval durations.
Ventricular ectopic activity was significantly reduced (p<0.001).
There was a significant correlation between resting HR, NYHA
class, and LVEF (p<0.001).

day); digoxin; ACE-
inhibitor and carvedilol
up-titrated to maximally
tolerated dose.

35 18 100%.

(20142

RCT

At 3 months, mean HR was 60.749.0 bpm in ivabradine group
and 70.6+10.1 bpm in placebo group. After median follow-up
of 27.8 months, there was no significant difference between the
Background therapy of  ivabradine group and placebo group in incidence of mortality from
aspirin, statins, ACE-  cardiovascular causes or nonfatal AMI (6.8% vs. 6.4%; hazard ratio,
inhibitors, and beta-  1.08;95% CI, 0.96 to 1.20; p=0.20). Ivabradine was associated with
blockers. an increase in the incidence of mortality from cardiovascular causes
or nonfatal AMI among patients with activity-limiting angina but
not among those without activity-limiting angina (p=0.02). The
incidence of bradycardia was higher for ivabradine than placebo
oup (p<0.001).

Morbidity-mortality benefits of
ivabradine compared to placebo in 7.5 mg BID

0,
19102 65 7% patients with CAD without clinical HF.

Mert
(2017

RCT

e positive chronotropic effect of incremental dobutamine doses
was blunted by beta-blockers and was completely removed by
ivabradine. The median number of PVCs, ventricular couplets,
and total VAs significantly increased with incremental doses of
dobutamine in the control group (p=0.018) and, to a lesser extent
in the ivabradine group (p=0.015). In the beta-blocker group

Effects of ivabradine on dobutamine- Dobutamine (incremental the absolute mumber of PVCs was smaller than in control or

induced VAs compared to beta-blocker 7.5 mgBID  doses of 5, 10, and 15 pg/ ivabradine group. Ivabradine reduced PVCs by 43% at S pglkg/min
therapy ke/min at 6 hour steps) dobutamine and by 38% at 10 pg/kg/min dobutamine compared

to control (PVCs median 256 vs. 147 and 251 vs. 158), with no
significant difference at 15 pg/kg/min dobutamine between control
and ivabradine groups (p>0.05). Thus, ivabradine administered
without background beta-blockage attenuated the arrhythmogenic
effect of increasing doses of dobutamine in the low and moderate
dobutamine dose but not in the high dobutamine dose groups.

3 65 69%

Steg
(2013

RCT

TV bolus (5 mg In both vabradine and placebo groups, HR was reduced over 8
ivabradine or h, with a faster and more substantial decrease on ivabradine than
placebo) over All drugs usually  placebo (22.3+1.3 vs. 8.9+1.8 bpm, p<0.0001). After treatment
Effect and tolerability of IV ivabradine ~ 30 seconds,  administered to patients discontinuation, HR was similar in both groups. Throughout
on HR and hemodynamic parameters ~ immediately ~ with AMI and PCI (statins, the study, there was no difference in blood pressure or cardiac
after PCI for STEML followed by IV aspirin, ACE inhibitors, biomarkers between groups. On echocardiography at baseline and
infusion (Smg  anti-platelets, beta-  post-treatment, final LV volumes were lower in ivabradine group
ivabradine or blockers). both for LV end-diastolic volume (87.1+28.2 vs. 117.8+21.4 ml,
placebo) over 8 p=0.01) and LV end-systolic volume (42.5+19.0 vs. 59.1+11.3 mL,

hours p=0.03) without differences in volume change or LVEF.

124 59 8%

Age (years) is reported as mean. ACE: Angiotensin-converting-enzyme, AMIL: Acute myocardial infarction, BID: Bis in die (twice per day), CAD: Coronary artery disease, CPVT:
Catecholaminergic polymorphic ventricular tachycardia, HF: Heart failure, hiPSC-CM: human induced pluripotent stem cells derived cardiomyocyte, HR: Heart rate, ICD: Implantable
cardioverter-defibrillator, IV: Intravenous, LV: Left ventricle, LVEF: Left ventricular ejection fraction, NYHA: New York Heart Association, PCI: Percutaneous coronary intervention,
PVC: Premature ventricular contraction, CR: Case report, CS: Case Series, PC: Pre-clinical, C: Cohort, RCT: Randomized controlled trial, STEMI: ST-elevated myocardial infarction, VA:
Ventricular arthythmia, VF: Ventricular fibrillation, VT: Ventricular tachycardia.





