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Abstract

Background Patients with mitral valve stenosis have increased heart rate. HR reduction is known as an important treatment
and therapy strategy for patients with mitral valve stenosis. Aim of the review The aim of this systematic review and meta-
analysis was to compare the efficacy of ivabradine versus beta-blockers in patients with mitral stenosis in sinus rhythm.
Methods Randomized controlled trials were searched in Cochrane Library, PubMed, Web of Science, CRD, Scopus, and
Google Scholar with no start time limitation and ending June 2018. Risk of bias across was assessed by the Cochrane Risk of
Bias Assessment tool. Fixed effects models were used to combine the results and the mean difference with a 95% confidence
interval. This meta-analysis was performed using Meta Package in R software. Results Five studies entered meta-analysis.
The total number of patients treated with ivabradine and beta-blockers was 178 and 178 respectively. The results showed
that the mean of maximum HR and HR at rest was lower at about 5.03 units and upper 4.32 units respectively with use of
ivabradine compared with the use of beta-blockers. These values were statistically significant. Conclusion It seems that the
efficacy of ivabradine is good in comparison with betablockers, but it still requires more clinical trials.

Keywords Heart rate - Ivabradine - Meta-analysis - Mitral stenosis
Impacts on practice e Ivabradine has no effect on cardiac systole and seems to

be safer than beta-blockers.
e [Ivabradine has positive effect on the maximum heart rate

e The use of beta-blockers for patients with mitral valve and also on the heart rate at rest, and therefore seems a
stenosis, does not improve exercise tolerance. suitable drug to treat mitral stenosis in sinus rhythm.
Electronic supplementary material The online version of this Background

article (https://doi.org/10.1007/s11096-018-00778-z) contains

supplementary material, which is available to authorized users. . . .
Increased heart rate (HR) is seen in many cardiovascu-

DX Hossein Hosseinifard lar disorders [1, 2]. In mitral stenosis, low cardiac output

hosseinefard @ gmail.com state leads to increased HR. With exercise, HR increases
substantially which results in shorter diastolic periods.
Consequently, blood flow through stenosed valve in such
short diastolic periods are compromised [3—7]. For this
reason, HR reduction is known as an important treatment
and therapy strategy for patients with mitral valve stenosis
[8]. Treatment for stenosis of the mitral valve is usually
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non-DHP calcium channel blockers such as verapamil or
diltiazem [7]. These drugs are widely used in controlling
heart rate, angina, heart failure, and arrhythmias [9, 10].
On the other hand, they can reduce the contraction power
of the myocardium, and this complication may prevent the
use of medication [11, 12].

Recently a new drug called ivabradine has entered the
field of drug technology. Ivabradine is a negative chrono-
tropic drug that acts concurrently on the sinusoidal node
and has no effect on myocardial drainage [13]. Ivabradine
directly inhibits the sinoatrial node depolarization without
altering and ventricle conduction, thus reducing the dose-
dependent heart rate [14]. Ivabradine reduces hyperpolari-
zation-activated cyclic nucleotide-gated (HCN) pacemaker
spontaneous activity and reduces heart rate by inhibiting a
specific funnel generated by the HCN channel [15-17] This
is useful for reducing heart rate in patients with heart failure
because a rapid heart rate is associated with an increase in
mortality in patients with heart failure [15]. In patients with
heart failure, ivabradine reduces the risk of hospitalization
[18]. It is prescribed for patients with symptoms of stable
heart failure (normal heart rate of at least 70 beats per min-
ute) and mitral valve stenosis [19].

There are several randomized clinical trials (RCT) on the
efficacy of ivabradine. There are other articles that show
contradictory results [20-23]. Evidence from ivabradine’s
study suggests that atenolol increases the duration of exer-
cise and controls heart rate in patients with mild mitral ste-
nosis [24]. In another study, no significant difference was
found between the two drugs, ivabradine and atenolol in
patients [22]. According to the different results from articles
that have examined the efficacy of ivabradine, the strength
of the drug in protecting patients with mitral valve stenosis
is unclear.

Aim of the review

The present study aimed to evaluate the efficacy of ivabra-
dine in comparison with beta-blockers through meta-analysis
of RCTs. This study was aimed at performing a meta-analy-
sis using existing RCTs to evaluate the efficacy of ivabradine
in comparison with beta-blockers.

Method

This was a meta-analysis study that utilized RCTs to eval-
uate the efficacy of ivabradine in comparison with Beta-
blockers in patients with mitral stenosis in sinus rhythm,
based on Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [25].

Data sources and literature searches

In order to access RCTs, a systematic search was done in
the databases including PubMed, Cochrane Library, Sco-
pus, Center for Review and Dissemination (CRD), and
Google Scholar. The keywords “ivabradine”, “f-blockers”,
“randomized controlled trials”, “RCTs”, “rate control”,
“heart rate”, “mild to moderate mitral stenosis” and “exer-
cise” combined by using OR and AND operators, with no
start time limitation and ending June 2018 were searched.
The reference list of the selected studies, unpublished
studies (grey literature) and studies presented at confer-
ences were also searched. The complete search strategy is
presented in Appendices table S1.

Inclusion and exclusion criteria

After removing duplicate studies, to select the full text
of appropriate articles, we include all randomized clini-
cal trials, clinical trial studies in the treatment group with
ivabradine and the group of beta-blockers and patients
with mitral valve stenosis.

We exclude review articles, studies other than RCT
that were published in languages other than English, and
studies of incomplete information about the mean and
standard deviation of the intended outcomes, as well as
summaries of conferences that were not published (we did
not have full access to them), were excluded from this
meta-analysis.

Data extraction and quality assessment

Articles were retrieved from databases using mentioned
keywords. Selection of articles was done in 3 steps. The
Endnote X5 Resources Management Software was used to
organize, study titles and abstracts, and identify duplicates.
After removing duplicates, the titles of all articles reviewed
and articles that didn’t match with inclusion criteria were
removed. For the next step, the abstract and the full text of
the articles were studied and checked based on inclusion
criteria and study objectives. The study selection and quality
assessment were done by two researchers independently, and
in case of disagreement, the subject was referred to a third
person. Information extracted from articles was summarized
in the extraction form. Extracted information includes first
author, year of publication, country of study, type of inter-
vention, sample size, the average age of patients, mean heart
rate, exercise time average, total exercise time, maximum
and minimum heart rate with Holter monitor before and after
the intervention with their standard deviation.
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Statistical analysis

Changes in outcomes of patients were measured after
intervention. Finally, using Meta-analysis, the mean dif-
ference between the two groups was used and the effi-
cacy of ivabradine was compared with beta-blockers in
the treatment of mitral valve stenosis. The heterogene-
ity of the studies was examined by Cochran (Q) and I?
statistics, which expresses the percentage of variations
between studies. For I? < 25% indicates low heterogene-
ity, 25% < 1> <50% of average heterogeneity and I> > 75%,
heterogeneity was considered high [26]. In case of het-
erogeneity, random effect model was used to calculate the
overall effect size. The funnel plot was used to examine
the publication bias. We performed the analysis using the
CMA v.2.0 software and P value < 0.05 was considered as
statistically significant.

]

Fig.1 PRISMA flow diagram

Results
Study characteristics

In the systematic search of all databases, 791 ivabradine
related articles were identified. After removing duplicates,
668 papers remained. By reviewing the full text of these
articles and considering the inclusion and exclusion criteria,
5 articles were entered into the meta-analysis (see Fig. 1).
These 5 studies had 356 patients in total. These studies were
published between 2012 and 2016. The patient characteris-
tics are shown in Table 1.

Risk of bias in the selected studies
All the five included articles had open-label design, in which

there was no possibility of blinding. Thus, this design caused
selection, performance and detection bias (See Fig. 2).
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Table 1 Characteristics of included studies in meta-analysis

Author Year Study type Type of drug Sample size P value age

Agrawal 2016 Interventional, randomized, open label, IVA 5 mgor 7.5 mg Metoprolol 50 mg or 100 mg 97 patients  0.783
non-cross over study

Saggu 2015 Prospective, open-label crossover IVA 5 mg or 7.5 mg Metoprolol 50 mg or 100 mg 34 28.9+66.6
double-blind trial

MUHAMMAD 2016 Prospective, open-label IVA 5mgor 7.5 mg Atenolol 50 mgor 100 mg 50 28.9+6.6

PARAKH 2012 Randomized, open-label, crossover trial IVA 5 mg Atenolol 50 mg 50 30.9 (7.9)

Rajesh 2016 Randomized, open-label, parallel group IVA 5 mg Atenolol 50 mg 82 38

trial cross-over

Meta-analysis

Finally, five articles included in this meta-analysis. The total
number of subjects studied was 356, of whom 178 were
treated with ivabradine and 178 were treated with beta-
blockers. From the four variables of the selected response,
two variables of maximum heart rate and heart rate at rest
were possible for meta-analysis.

The mean (standard deviation) for max Exercise HR,
mean total exercise time (s), maximum HR on holter,
mean HR on holter and minimum HR on holter was 170.26
(14.19), 121.18 (72.00), 115.66 (19.96), 84.30 (2.81) and
57.65 (1.45) respectively.

At the maximum heart rate, heterogeneity was not sig-
nificant between studies (12=0.000, Q-Value=3.70, P
Value =0. 448). The fixed effects model was used to com-
bine the results. The meta-analysis of results showed that
the mean maximum heart rate in the treatment of mitral
valve stenosis by ivabradine was 5.03 units less than beta-
blockers. (Pooled Estimate[Iva-BB] (SD)=—-5.03(1.37),
95%Cl=(-17.71; —2.35), Z=—3.67, P Value < 0.001).

Also, the analysis in subgroups was based on the type
of drug in the beta-blocker group. Meta-analysis results in
subgroups are shown in Table 2. In Fig. 3, the forest plots
are shown in the meta-analysis of the maximum heart rate.

The three studies had data on heart rate at rest. Het-
erogeneity was not significant among studies. The fixed
. effects model was used to combine the results. Meta-anal-

ysis results showed that heart rate at rest was higher with
ivabradine 4.32 units in comparison with beta-blockers in

Blinding of outcome assessment {detection hias)

Incomplete outcome data (attrition hias)
Selective reporting (reporting hias)

Other hias

Agrawal 2016

MUHAMMAD 2016

PARAKH 2012

Rajesh 2016

®  © | ® O |scinding of participants and personnel (performance hias)

® O O O | ~nocation concealment (selection bias)

® ® ®| @ | @ |randomsequence generation (selection bias)

Saagu 2015

Fig. 2 Quality of included trials mitral

Table 2 The result of subgroups in the comparative efficacy of ivabradine versus beta blockers

Groups Number Effect size and 95% confidence interval Test of null (2-tail) Heterogeneity
studies

Point estimate ~ SE Lower limit  Upper limit  Z-value P value Q-value df(Q) P value I-squared

Atenolol 3 -2.63 232 -=7.19 1.92 -1.13 0.257 0.88 2 0.643 0.000
Metoprolol 2 -6.31 170 -9.63 -2.98 -3.72 0.000 1.19 1 0.276 15.874
Overall 5 -5.03 1.37 =771 —-2.35 -3.67 0.000 3.70 4 0.448 0.000
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HR at Maximal Exercise(min)

Group by  Study name Statistics for each study
N Difference Standard Lower Upper
in means error  Variance limit  limit

Atenolo Parakh h. et al(2012) -7.400 5799 33631-18.766 3.966
Atenolo Rajesh GN.et al(2016) -1.830 2.563 6.570 -6.854 3.194
Atenolo Muhammad F. et al(2016)  3.000 17.135 293.602 -30.584 36.584
Atenolo -2.635 2.323 5395 -7.187 1.918
Metoprolol Agrawal V. et al(2016) -6.690 1.732 2.999 -10.084 -3.296
Metoprolol Saggu DK. et al(2015) 2.600 8.343 69.606 -13.752 18.952
Metoprolol -6.306 1.696 2.875 -9.630 -2.983
Overall -5.030 1.370 1.876 -7.714 -2.346

Difference in means and 95% CI

Z-Value p-Value

Fig. 3 Forest plot of maximum heart rate comparing ivabradine with beta-blockers

order to treat mitral valve stenosis. (Pooled Estimate[Iva-
BB] (SD)=4.32(1.49), 95%CI1=(1.40-7.25, Z=2.901, P
Value =0.004). Figure 4 shows the forest plot of the heart
rate at rest.

Evaluation of publication bias
Figure 5 is the funnel plot to explore publication bias. Based
on the regression test Egger, there was no statistically sig-

nificant difference between publication biases. (t=0.995; P
value =0.392).

HR at Rest(min)
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Discussion

The stenosis of the mitral valve restricts the flow of blood
from the left atrium to the left ventricle. This can lead to
heart failure, rapid, slow, or irregular heartbeat (arrhythmia)
[27]. Ivabradine and beta-blockers can both reduce heart rate
in rest and activity. However, several studies have shown
that beta-blockers and calcium channel blockers can be use-
ful in tachycardia and prevent pulmonary capillary wedge
pressure. Due to the negative effects on the myocardium, it
seems that patients with mitral valve stenosis do not have
much effect [11, 12, 28]. Previous studies have shown that
with the use of beta-blockers, in the sinus rhythm of patients
with mitral valve stenosis, no improvement in duration of
exercise tolerance test as assessed by mean exercise time
to dyspnea is achieved. Compared with beta-blockers and

Model Study name Statistics for each study

Difference Standard Lower Upper

in means error Variance limit  limit
Saggu DK. et al(2015) 4.100 2.231 4978 -0.273 8473
Agrewal V.et al(2016) 4.540 2.024 4.098 0572 8508
Muhammad F. et al(2016) ~ 3.000 15.524  241.002 -27.427 33.427
Fixed 4.329 1.492 2227 1404 7254

Fig.4 Forest plot of heart rate comparing Ivabradine with beta-blockers

@ Springer

Difference in means and 95% CI

Z-Value p-Value

1.838 0.066
2.243 0.025
0.193 0.847
2.901 0.004 | ‘ ‘ |
-50.00 -25.00 0.00 25.00 50.00
Favours A Favours B



International Journal of Clinical Pharmacy (2019) 41:22-29 27
Fig.5 Egger’s publication bias Funnel Plot of Standard Error by Difference in means
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calcium channel blockers, ivabradine has been taken into
consideration, because it has no effect on cardiac systole
and it is safer [20, 29].

This systematic review and meta-analysis aimed to evalu-
ate the efficacy of ivabradine in comparison with beta-block-
ers in patients with mitral valve stenosis. Five RCTs with
356 patients included in this study [20-24]. Two outcomes
of HR at maximal exercise (min) and HR at rest (min) were
analyzed in this study. In the current meta-analysis study,
the mean maximum heart rate in ivabradine was 5.03 units
lower than beta-blockers. In the outcome of the heart rate
at rest, for the treatment of mitral valve stenosis, ivabradine
was 4.32 units more than beta-blockers. Regarding these
results, it can be argued that ivabradine, in comparison with
beta-blockers, controls better heart rate in exercise, but has
less effect on reducing heart rate at rest. This benefit of
ivabradine alongside with its other benefits like having no
negative effect on cardiac conduction, contractility, relaxa-
tion or repolarization, or blood pressure, this drug is a very
good option.

In the study of Pasceri et al. [30] has been shown that
ivabradine in patients with mitral valve stenosis reduces
sinus thythm. Parakh et al. [24] showed that ivabradine 5 mg
twice daily, compared to Atenolol 50 mg per day reduced the
increased heart rate in patients with mitral valve stenosis.

The studies on the positive effect of ivabradine on reduc-
ing sinus rhythm as well as reducing the heart rate in patients
with mitral valve stenosis can confirm our results. In other
studies, about the efficacy of ivabradine, in reducing heart
rate at rest and during exercise has been shown to be in line
with the results of this study [31-33].

In general, the present meta-analysis revealed a signifi-
cant reduction in the outcome HR at maximal exercise (min)
and HR at Rest (min). While meta-analysis Ye et al. con-
cluded that ivabradine had no effect on peak heart rate and

Difierence in means

heart rate in resting mode compared to placebo and beta-
blockers. Of course, this meta-analysis was done in patients
with angina and the difference in the results of the study is
probably because of the difference between the type of heart
disease or the larger sample size in the Ye et al. study [34].

Limitations

This study had several limitations. First, based on five arti-
cles, there is a need for more studies to validate the meta-
analysis. For this reason, the analysis of all the implications
studied in various articles, as well as comparisons of ivabra-
dine with the various drugs commonly used in the treatment
of mitral stenosis was not possible. Only two therapeutic
indexes were analyzed and other items were not identified.
And other types of beta-blockers were considered, which
may not have the same effect. Comparison of ivabradine
with various of beta-blockers was not applicable. Another
limitation is that data from these papers were not enough to
assess differences in functional capacity and patient satisfac-
tion, so only heart rate as a surrogate marker was evaluated.
We didn’t examine the cost of ivabrdine, as this medication
is an expensive medication and cost will be a large part in
clinical application.

Conclusion

According to studies on the effects of ivabradine, it seems
that this drug has the potential to be effective in the treat-
ment of mitral valve stenosis. The decision to prescribe
ivabradine in the treatment of mitral valve stenosis, however,
still requires clinical trials with conventional control groups
for treating the disease with longer follow-up periods.

@ Springer



28

International Journal of Clinical Pharmacy (2019) 41:22-29

Acknowledgments The authors would like to thank Dr. Masoud Moza-
fari for his facilitative and collaborative efforts to this research.

Funding This work was supported by Health management and eco-
nomics research center, Iran University of Medical Sciences “[Grant
Number: 95-02-163-28619]”

Conflicts of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

References

10.

11.

12.

13.

De Santis V, Vitale D, Santoro A, Magliocca A, Porto AG, Nen-
cini C, et al. Ivabradine: potential clinical applications in critically
ill patients. Clin Res Cardiol. 2013;102(3):171-8.

Guglin M. Heart rate reduction in heart failure: ivabradine or beta
blockers? Heart Fail Rev. 2013;18(4):517-28.

Al Zaibag M, Al Kasab S, Ribeiro P, Al Fagih M. Percutaneous
double-balloon mitral valvotomy for rheumatic mitral-valve ste-
nosis. Lancet. 1986;327(8484):757-61.

Carabello BA. Mitral valve regurgitation. Curr Probl Cardiol.
1998;23(4):197-241.

Sun JP, Felner JM. Mitral Valve Stenosis. Practical Handbook of
Echocardiography: 101 Case Studies. 2010:38-41.

Muhammad F, Nazeer A, Rehman Z. The comparison of effects
of ivabradine and atenolol on heart rate and symptoms in patients
with mild-to-moderate mitral stenosis. Pak J Med Health Sci.
2016;10(2):345-7.

Bonow RO, Carabello BA, Chatterjee K, de Leon AC Jr., Faxon
DP, Freed MD, et al. ACC/AHA 2006 guidelines for the man-
agement of patients with valvular heart disease: a report of the
American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (writing Committee to Revise
the 1998 guidelines for the management of patients with valvu-
lar heart disease) developed in collaboration with the Society of
Cardiovascular Anesthesiologists endorsed by the Society for
Cardiovascular Angiography and Interventions and the Society
of Thoracic Surgeons. J Am Coll Cardiol. 2006;48(3):e1-148.
Guglin M. Heart rate reduction in heart failure: ivabradine or beta
blockers? Heart Fail Rev. 2013;18(4):517-28.

Members TF, Montalescot G, Sechtem U, Achenbach S, Andreotti
F, Arden C, et al. ESC guidelines on the management of stable
coronary artery disease: the Task Force on the management of
stable coronary artery disease of the European Society of Cardiol-
ogy. Eur Heart J. 2013;34(38):2949-3003.

Riccioni G. Ivabradine: the hope for a good treatment of ischemic
heart disease. Curr Med Chem. 2013;20(14):1817-23.

Alan S, Ulgen MS, Ozdemir K, Keles T, Toprak N. Reliabil-
ity and efficacy of metoprolol and diltiazem in patients having
mild to moderate mitral stenosis with sinus rhythm. Angiology.
2002;53(5):575-81.

Monmeneu JM, Marin FO, Reyes FG, Jordan AT, Garcia
MM, Bodi VP, et al. Beta-blockade and exercise capacity in
patients with mitral stenosis in sinus rhythm. J Heart Valve Dis.
2002;11(2):199-203.

Tardif J-C, Ponikowski P, Kahan T. Efficacy of the I; current inhib-
itor ivabradine in patients with chronic stable angina receiving
beta-blocker therapy: a 4-month, randomized, placebo-controlled
trial. Eur Heart J. 2009;30(5):540-8.

. DiFrancesco D. Funny channels in the control of cardiac rhythm

and mode of action of selective blockers. Pharmacol Res.
2006;53(5):399-406.

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

De Santis V, Vitale D, Santoro A, Magliocca A, Porto AG,
Nencini C, et al. Ivabradine: potential clinical applications in
critically ill patients. Clin Res Cardiol. 2013;102(3):171-8.
Fala L. Corlanor (Ivabradine), First HCN Channel Blocker, FDA
Approved for the Treatment of Patients with Heart Failure. Am
Health Drug Benefits. 2016;9(Spec Feature):56.

Speranza L, Franceschelli S, Riccioni G. The biological
effects of ivabradine in cardiovascular disease. Molecules.
2012;17(5):4924-35.

Urbanek I, Kaczmarek K, Cygankiewicz I, Ptaszynski P. Risk-
benefit assessment of ivabradine in the treatment of chronic
heart failure. Drug Healthc Patient Saf. 2014;6:47.

Werdan K, Perings S, Koster R, Kelm M, Meinertz T, Stockl G,
et al. Effectiveness of ivabradine treatment in different subpopu-
lations with stable angina in clinical practice: a pooled analysis
of observational studies. Cardiology. 2016;135(3):141-50.
Agrawal V, Kumar N, Lohiya B, Sihag BK, Prajapati R, Singh
T, et al. Metoprolol vs ivabradine in patients with mitral stenosis
in sinus rhythm. Int J Cardiol. 2016;221:562-6.

Muhammad F, Nazeer A, Rehman Z. The comparison of
effects of ivabradine and atenolol on heart rate and symptoms
in patients with mild-to-moderate mitral stenosis. Pak J Med
Health Sci. 2016;10(2):345-7.

Rajesh GN, Sajeer K, Sajeev CG, Bastian C, Vinayakumar D,
Muneer K, et al. A comparative study of ivabradine and atenolol
in patients with moderate mitral stenosis in sinus rhythm. Indian
Heart J. 2016;68(3):311-5.

Saggu DK, Narain VS, Dwivedi SK, Sethi R, Chandra S, Puri
A, et al. Effect of ivabradine on heart rate and duration of exer-
cise in patients with mild-to-moderate mitral stenosis: a rand-
omized comparison with metoprolol. J Cardiovasc Pharmacol.
2015;65(6):552.

Parakh N, Chaturvedi V, Kurian S, Tyagi S. Effect of ivabradine
vs atenolol on heart rate and effort tolerance in patients with
mild to moderate mitral stenosis and normal sinus rhythm. J
Card Fail. 2012;18(4):282-8.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. PLoS Med. 2009;6(7):e1000097.

Higgins J. Green S. Cochrane handbook for systematic reviews
of interventions Version 5.1. 0. The Cochrane Collaboration.
Confidence intervals. 2011.

Otto CM, Gaasch W, Yeon S. Clinical Manifestations and diag-
nosis of rheumatic mitral stenosis. UpToDate, Post, TW. 2018.
Mardikar H, Sahasrabhojaney V, Jalgaonkar P, Mahorkar U,
Mardikar M, Waghmare B. Long term effects of atenolol in
patients of mitral stenosis and normal sinus rhythm. Indian J
Med Res. 1995;101:25-7.

Manz M, Reuter M, Lauck G, Omran H, Jung W. A single intra-
venous dose of ivabradine, a novel If inhibitor, lowers heart rate
but does not depress left ventricular function in patients with
left ventricular dysfunction. Cardiology. 2003;100(3):149-55.
Pasceri E, Curcio A, Achille F, de Serio D, Zinzi S, Torella
D. Acute reduction of transmitral gradient after I (f) channel
inhibition in patients with mitral valve stenosis or a mitral annu-
loplasty ring [Abst 974]. Europace. 2009;11(Suppl 2):S6.
Borer JS, Fox K, Jaillon P, Lerebours G. Antianginal and antii-
schemic effects of ivabradine, an If inhibitor, in stable angina:
a randomized, double-blind, multicentered, placebo-controlled
trial. Circulation. 2003;107(6):817-23.

Lépez-Bescos L, Filipova S, Martos R. Long-term safety and
efficacy of ivabradine in patients with chronic stable angina.
Cardiology. 2007;108(4):387-96.

Tardif J-C, Ford I, Tendera M, Bourassa MG, Fox K. Efficacy
of ivabradine, a new selective /; inhibitor, compared with



International Journal of Clinical Pharmacy (2019) 41:22-29

29

34.

atenolol in patients with chronic stable angina. Eur Heart J.
2005;26(23):2529-36.

Ye L, Ke D, Chen Q, Li G, Deng W, Wu Z. Effectiveness of
ivabradine in treating stable angina pectoris. Medicine.
2016;95(14):e3245.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Comparative efficacy of ivabradine versus beta-blockers in patients with mitral stenosis in sinus rhythm: systematic review and meta-analysis
	Abstract
	Impacts on practice
	Background
	Aim of the review
	Method
	Data sources and literature searches
	Inclusion and exclusion criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Study characteristics
	Risk of bias in the selected studies
	Meta-analysis
	Evaluation of publication bias

	Discussion
	Limitations
	Conclusion
	Acknowledgments 
	References




