
INTRODUCTION

Heart failure is a clinical syndrome that occurs when the heart is 
unable to provide sufficient blood flow to meet metabolic demands or 
accommodate systemic venous return. This disease has a multisystem 
impact due to disturbances that occur not only in the heart, but also in 
skeletal muscle, kidney function, sympathetic nervous system and neu-
rohormonal changes1,2). Heart failure is one of the main health problems 
because it affects more than 23 million people in the world. Based on 
data from the European Society of Cardiology (ESC), 65-75% of 
186,364 patients with an average age of 70 years had a history of heart 
failure3,4). In Indonesia itself, according to the 2018 Basic Health 
Research, it was recorded that cases of heart failure reached 1.5% or 
29,550 patients based on a doctor's diagnosis5). In heart failure, there is a 
decrease in the quality of the heart to circulate and push blood through-
out the body. This causes a decrease in stroke volume due to a decrease 
in ventricular ejection, impaired filling, or both, resulting in impaired 
heart pumping ability and the impact is not meeting the body’s oxygen 
needs. As a result, clinical manifestations arise in patients such as dys-
pnea, fatigue, and peripheral edema due to fluid retention6,7).

Currently, heart failure treatment uses two methods. Angiotensin 
converting enzyme (ACE) inhibitors, beta-blockers, and/or aldosterone 

receptor blockers block neurohormonal activation (negative inotropic) 
(ARBs). Positive inotropic medicines promote heart contractility. Beta 
adrenergic receptor agonists and phosphodiesterase inhibitors indirectly 
raise intracellular calcium concentration in cardiac myocytes. Increased 
intracellular calcium can induce increased oxygen demand, heart rate, 
arrhythmia, hypotension, and mortality. These medications also shorten 
systolic length, reducing heart contraction efficiency. A novel therapy 
with fewer side effects is needed8,9).

OM as a cardiac myosin activator has the potential to be a new ther-
apeutic without increasing intracellular calcium of the heart muscle, 
minimizing negative effects. OM enhances cardiac contractility through 
binding to myosin S1's catalytic domain, according to Patel et al. OM 
activates cardiac myosin, causing a conformational shift that promotes 
ATP hydrolysis and Pi release, and accelerates the transition from a 
weakly bound to a highly bound state. OM enhances the amount of 
myosin heads linked to actin, increasing contraction force8). 

OM can improve cardiac function, decrease ventricular wall pres-
sure and improve ventricular remodeling. With the advantages that OM 
has, it will facilitate stronger heart contractions with minimal side 
effects8). Therefore, this systematic study was made to analyze qualita-
tively the Effectiveness of Cardiac Myosin Activator (Omecamtiv 
Mecarbil) on Outcome in Heart Failure Patients.
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ABSTRACT
Objective: This study aims to evaluate Omecamtiv Mecarbil (OM) therapeutic efficacy and adverse effects in heart failure 

cases.
Design: This article is a systematic review.
Material and methods: This systematic review used the PRISMA approach with precise inclusion and exclusion criteria to 

collect articles from PubMed, Science Direct, DOAJ, and epistemonikos. From 175 database articles, 4 articles met inclusion cri-
teria.

Results: Heart failure affects the heart, muscles, kidneys, sympathetic nervous system, and neurohormonal alterations. This 
condition affects 23 million individuals worldwide, making it a major issue. Beta adrenergic receptor agonists and phosphodies-
terase inhibitors enhance intracellular calcium to treat heart failure.

Discussion: An overabundance of intracellular calcium can cause oxygen depletion, arrhythmias, hypotension, and death. 
Recent investigations reveal that omecamtiv mecarbil (OM) as a cardiac myosin activator has good efficacy and few side effects, 
making it a promising heart failure therapy. OM improved heart failure outcomes such as systolic ejection time, stroke volume, 
left ventricular diameter, heart failure incidence, dyspnea relief, and cardiovascular disease mortality. 

Conclusion: OM as a therapy for heart failure has improved result quality, therefore it could be a new therapy with few side 
effects.
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METHODS

This systematic review is based on the preferred reporting items for 
systematic reviews and meta-analyses statement (PRISMA) guidelines. 
The study search was conducted by three reviewers (G.R, S.A, P.A) on 
various valid literature databases, such as PubMed, science direct, direc-
tory of open access journal (DOAJ), clinicaltrial.gov and epistenomikos 
with the keywords ((Omecamtiv Mecarbil) AND (Treatment)) AND 
(Heart Failure).

Study Selection
The studies that were eligible for inclusion in this systematic review 

were those that met the following criteria: 1) Study was published in the 
last 10 years; 2) Publication type is original article; 3) Study design is 
experimental study (randomized controlled trial and clinical trial); 4) 
The population are heart failure patients; 5) The intervention is ome-
camtiv mecarbil; 6) The comparator is placebo or current heart failure 
therapy; and 7) Study outcomes are systolic ejection time, left ventricu-
lar diameter, stroke volume, ejection fraction, composite heart failure, or 
death from cardiovascular events. 

Data Extraction Method
Data from each of the included studies were collected and assessed 

qualitatively. The data taken are: 1) the researcher and the year of study; 
2) Sample characteristics (grouping and number of samples); 3) Dosage 
of OM administration; 4) Study outcomes; 5) OM side effects. Data 
were collected by 2 reviewer (R.G, I.I), then readjusted by 2 reviewers 
(A.S, A.P). The data that has been collected is then presented in form of 
table.

Studies's Quality Assesment
Study quality was assessed by two reviewers (G.R and S.A) by 

evaluating the risk of bias using Review Manager 5.4 software. Aspects 
of the risk of bias assessed include: 1) Random sequence generation; 2) 
Allocation concealment; 3) Blinding of participants and personnel; 4) 
Blinding of outcome assessment; 5) Incomplete outcome data; 6) 
Selective reporting; 7) Other bias. The risk grouping for bias is high, 
low, or unclear. The results of this assessment are presented in the form 

of summaries and graphs.

DISCUSSION

Study Selection Result
Based on the results of the study search, a total of 175 studies were 

obtained. Subsequently, 23 duplicate studies were excluded. It was then 
screened by reading the titles and abstracts of the remaining 152 studies. 
Based on the desired study criteria, the reviewer excluded 16 studies 
published more than the last 10 years, 32 studies had inappropriate 
forms of publication (protocol publications, books or congresses, com-
ments, expert opinions, or letters to the editor), 54 studies had inappro-
priate research designs (review studies, systematic reviews, meta-analy-
sis), 56 studies with populations (patients) that did not meet the criteria 
(in vitro, in vivo populations, or subjects with other diseases), 4 studies 
that had inappropriate interventions (other than OM), and 5 studies that 
had inappropriate outcomes. As a result, the remaining 5 studies were 
then screened in full-text to see the completeness of the study data. The 
result found 1 study that could not be accessed in full-text. In the end, 4 
inclusion studies were obtained in this systematic study which were 
used in comparative analysis between studies/qualitative synthesis (Fig. 
1).

Included Studies Risk of Bias 
Overall, the included studies had a low risk of bias, but there were 

some studies that had a high risk in certain aspects. There are two stud-
ies10,11) of 5 studies using a double-blind study. There is one study10) have 
a high risk of selection and other bias aspects because randomization 
involves geographic respondents and a significant difference in baseline 
values (p < 0.05) between the intervention group and the comparison 
group (Figure 2).

Figure 1: The Selection of Studies using PRISMA Guideline

Figure 2: Risk of Bias Graph of Included Studies
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Mechanism of Action of OM as Cardiac Myosin Activator in 
Heart Failure Patients

Sarcomere is a cellular structure that comprises of thin and thick fil-
aments that interdigitate. Thin filaments contain actin, troponin, and tro-
pomyosin; thick filaments contain myosin. The sarcoplasmic reticulum 
releases calcium ions with each heart cycle. This calcium binds to tropo-
nin and shifts tropomyosin to open actin and myosin binding sites. After 
attaching to actin filaments, cardiac myosin shortens the sarcomere by 
tugging thin filaments9,12). Myocardial myosin converts ATP's chemical 
energy into mechanical force. Myosin hydrolyzes ATP to ADP and Pi, 
which gives myosin energy. Once fully connected to its actin-binding 
site, myosin becomes strongly bonded, releasing Pi from its head and 
bending it to pull on actin filaments12,13). In heart failure patients where 
the neurohormonal system is unable to compensate for the decrease in 
CO2, OM acts as an activator of the cardiac myosin protein by selec-
tively activating the S1 subfragment domain of cardiac myosin. OM 
increases ATP turnover by accelerating actin phosphate release and 
slowing 5'-diphosphate (ADP) release. This increases the actin-myosin 
binding time, which causes an increase in the number of myosin mole-
cules attached to actin, thereby prolonging cardiac muscle contraction 
without increasing left ventricular pressure. OM also does not increase 
the number of calcium ions in cells, so that through this mechanism car-
diac muscle cells do not require more energy9,12,13).

Effect of OM Therapy on Stroke Volume and Left Ventricular 
Diameter

A study conducted by Teerlink et al in 2016, used OM as a treat-
ment in HF patients by improving heart function and decreasing ventric-
ular diameter. This study included 448 patients with chronic heart fail-
ure with a left ventricular EF of 40% or lower. The sample of 448 
patients was divided into 150 patients who were given 25 mg of OM 
orally twice daily (fixed dose group), 149 patients who were given 25 
mg of OM and titrated to 50 mg twice daily and another 149 patients 
who received placebo11). At week 20, the results showed that there was 
an increase in stroke volume in the fixed dose group (5 mL, 2---8, p = 
0·0036) and the titrated group (4 mL, 1---7, p = 0·0217) compared to 
placebo. Meanwhile, left ventricular end systolic (LVES) and left ven-
tricular end diastolic (LVED) diameters were reduced in the titrated 
group compared to placebo, but not in the fixed dose group11).

Effect of OM Therapy on Systolic Ejection Time and 
Improvement of Dyspnea

The potential of OM in improving systolic ejection time was also 
described in a 2016 study by Teerlink et al. The results of administering 
OM to 150 patients in the fixed dose (25 mg) group showed an increase 
in systolic ejection time by 11 ms, while in 149 patients in the group 
with the same dose of OM. titrated from 25 mg to 50 mg, the systolic 
ejection time increases to 25 ms. This explains that the mechanism of 
action of OM has the potential to prolong the systole time of the heart 

muscle resulting in an increase in stroke volume11).
In addition, Teerlink et al in the same year also conducted 3 cohort 

studies and evaluated the improvement of dyspnea in heart failure 
patients by administering OM intravenously. Plasma OM concentrations 
in the three studies were targeted at 115 ng/ml, 230 ng/ml, and 310 ng/
ml after 48 hours, respectively. The results of the three studies showed 
that the administration of OM did not show a significant improvement 
in dyspnea but its administration was well tolerated. Of the three stud-
ies, the cohort 3 study with the highest dose gave better results in 
improving dyspnea than the other two studies, so that the high dose 
administration was able to give a better effect on dyspnea with minimal 
side effects10).

Effect of OM on Outcome of Composite of Heart Failure and 
Death due to Cardiovascular Disease

Teerlink et al., in 2020, also studied OM's effect on HF patients’ 
outcomes. 4120 patients got oral OM treatment (25 mg, 37.5 mg, or 50 
mg depending on blood plasma levels) twice a day, whereas 4112 
patients received a placebo. The primary outcome was heart failure, 
while the secondary outcomes were death from cardiovascular disease, 
KCCQ symptom score, first hospitalization for heart failure, and death 
from any cause. In the OM treatment group, 37% of patients suffered 
cardiac failure (composite), while 39.1% did in the placebo group. This 
means that OM had a lower incidence of heart failure than placebo. 
Death from cardiovascular events was similar in the OM group (19.6%) 
and placebo group (19.4 percent). 2.5 points separate KCCQ scores 
(OM result minus placebo). First heart failure hospitalization in the OM 
group was 27.7%, lower than the placebo group (28.7 percent). In both 
groups, all deaths were equal (25.9 percent). These primary and second-
ary outcomes suggest OM may reduce heart failure and death14). 

Effect of OM Therapy on Ejection Fraction (EF)
The study conducted by Teerlink et al. using OM in HF patients 

with different baseline EF characteristics was carried out to see clinical 
outcomes, namely composite endpoints and death from cardiovascular 
events. This study included 8232 patients with EF > 97% and 4456 
patients with EF < 28%. OM therapy significantly reduced primary end-
point and mortality in all populations. The analysis then proceeded to 
assess the primary endpoint in the population with EF > 28% and EF < 
28% and showed that EF significantly affected the therapeutic effect of 
OM. In the population with EF < 28%, there was a difference of 16% 
composite endpoint or death from cardiovascular events (control group 
and OM) compared to the population EF > 28% where there was no sig-
nificant difference between the control group and OM.15)

Furthermore, it was found that the incidence of hospitalization for 
patients with heart failure was directly proportional to the decrease in 
EF in both the control and OM groups. These results suggest that the 
best therapeutic effect of OM is obtained in populations with lower EF. 
This is in line with the mechanism of action of OM which selectively 
increases systolic function in patients with decreased EF. These findings 
are in accordance with the concept of OM therapy which provides a 

Table 1: Characteristic of Included Studies
Author (Year) Sample Route of  Outcome Side Effects
  Intervention

Teerlink, et al  303 OM and  Intravenous There was an increase in systolic ejection time, a  Some patients experienced an increase in cardiac 
(2016b)10) 303 placebo,   decrease in ventricular diameter, and significant  troponin and the incidence of other side effects 
	 EF	≤	40%	 	 improvement	of	dyspnea.	 such	as	hypokalemia,	SVT,	VT,	and	AF	was	
    found to be lower than placebo.

Teerlink, et al  299 OM and  Oral There was an increase in systolic ejection time  There is a slight increase in cardiac troponin I 
(2016a)11) 149 placebo,   and stroke volume and a decrease in left  plasma concentration.
	 EF	≤	40%	 	 ventricular	diameter.	

Teerlink, et al  4120 OM and  Oral There was a decrease in the incidence of  Ventricular tachyarrhythmia (7.1%), QT 
(2020)14) 4112 Placebo.  composite of heart failure and death with OM  prolongation (4.3%), and serious ventricular 
   therapy. arrythmia (2.9%)

Teerlink, et al  8256 HFrEF Oral and  The  therapeutic potential with OM was found to  N/A
(2021)15)  injection be increased and best in patients with decreased 
   EF (EF < 28%).

EF: Ejection Fraction; HFrEF: Heart Failure with Reduced Ejection Fraction; SVT: Supraventricular Tachycardia; VT: Ventricular Tachycardia; AF: Atrial Fibrillation.
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greater clinical effect in patients with more severe heart failure because 
in more severe patients, there is a higher disturbance of cardiac myosin 
so that it is in line with the goal of OM therapy as an agent that activates 
cardiac myosin15).

CONCLUSION

The use of OM as cardiac myosin activator in heart failure has 
shown good results in improving the quality of heart failure outcomes 
such as systolic ejection time, left ventricular diameter, stroke volume, 
improvement in dyspnea, composite of heart failure incidence, and mor-
tality from heart failure. OM acts directly on cardiac myosin and does 
not affect intracellular calcium levels so that side effects are minimal. 
This shows that OM has the potential to be an innovative, non-invasive 
therapy in heart failure. Further studies with a larger and heterogeneous 
population are needed to look more specifically at the therapeutic effect, 
dose, side effects, and other data related to the treatment of heart failure 
using OM.
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