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INTRODUCTION 

Acute myocardial infarction (AMI) is characterized by 

cellular death or necrosis of myocardial tissue occurring 

due to severe or prolonged ischemia. ST-elevation 

myocardial infarction (STEMI), a fatal form of AMI, is 

supposed to be the resultant of complete occlusion in a 

coronary artery. The extent and location of the infarction 

are influenced by degree of ischemic burden, availability 

of coronary collateral blood flow, rapidity of reperfusion 

and the location of the plaque in the coronary artery.1 

Initially, AMI was treated symptomatically by controlling 

pain, arrhythmic condition, giving bed rest, nitrates and 

β-blockers. Then as the years passed, the AMI patients 

were being assessed angiographically, and treated using 
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ABSTRACT 

 

Background: The ST-elevation myocardial infarction (STEMI), a fatal disease, is rapidly extending in patients, 

worldwide. Therefore, proper and timely diagnosis followed by appropriate management becomes necessary. The 

study aimed to compare the effectiveness of metoprolol and ivabradine in acute STEMI patients. 

Methods: This was an observational, comparative, in-hospital study carried out in patients admitted in the in-patient 

cardiac department, intensive cardiac care unit of a tertiary care centre in India. Total 60 patients diagnosed with acute 

ST-elevation MI were included in the study and were equally divided into two groups. Group 1 involved patients who 

were given metoprolol for treatment and group 2 involved patients who were given ivabradine. The patients were 

assessed in terms of heart rate, NYHA class, and ejection fraction. Follow-up of 30 days was taken in all patients. 

Results: Ivabradine reduced mean heart rate from 85.57 bpm at baseline to 78.23 bpm. Heart rate in the metoprolol 

group was reduced from 81.93 bpm to 76.47 bpm over the same time period. Metoprolol and ivabradine showed 

significant improvement in the ejection fraction volume during the in-hospitalization stay. Ivabradine showed a better 

improvement in ejection fraction when compared to metoprolol but the difference was not found to be statistically 

significant. Higher mortality was assessed in ivabradine group compared to metoprolol.  

Conclusions: The study gives the gold standard efficacy and mortality benefit of metoprolol, although ivabradine on 

the other hand gave better responses in heart rate reduction and improvements in ejection fraction.  
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thrombolytics and percutaneous coronary intervention 

(PCI) as first-line therapies. The other drugs were then 

been used for maintaining the conditions and improving 

prognosis. 

Increased heart rate has been allied with an increase in 

cardiovascular mortality and increase in heart rate 

represent as a risk factor for hypertension, atherosclerosis 

leading to increased incidences of coronary artery 

disease, and myocardial infarction.2,3 Therefore, heart rate 

control becomes a chief objective in treatment of patients 

with STEMI.  

β-blockers lead to slowing of heart rate, reduction in 

myocardial contractility, and lowering of systemic blood 

pressure. Moreover, metoprolol reduces the oxygen 

requirements of the heart, thus making it useful in the 

long-term. The current guidelines for STEMI give the 

strong recommendation (class I) to oral β-blocker therapy 

in patients without a contraindication particularly with 

high HR or blood pressures.4 Ivabradine, inhibitor of If  

current of cardiac pacemaker cells without affecting other 

cardiac ionic currents, reduces heart rate and has no effect 

on cardiac contractility, repolarisation, or atrioventricular 

conduction.5,6 It has been recently approved as an 

alternate drug of choice for heart rate lowering in acute 

coronary syndrome especially in patients with clinical 

heart failure and in conditions where β-blockers are 

contraindicated, for example in patients of asthma or 

severe chronic obstructive airway disease.2,3 Thus, this 

study aimed to compare the effectiveness of metoprolol 

and ivabradine in acute STEMI patients.  

METHODS 

This was an observational, comparative, in-

hospitalization study carried out in patients admitted in 

the in-patient cardiac department, intensive cardiac care 

unit of a Tertiary care centre in India. Total 60 patients 

diagnosed with acute STEMI were included in the study 

and were equally divided into two groups. Group 1 

involved patients who were given metaprolol for 

treatment and group 2 involved patients who were given 

ivabradine. 

Patients, both males and females, of age >18 years, who 

got admitted within 24 hours of symptoms of myocardial 

infarction, with mean heart rate >80 beats/min, ST 

elevation of 1 mm in the peripheral leads / 2 mm in 

precordial leads were included in the study. Patients who 

were admitted to hospital 24 hours after onset of 

symptoms of STEMI; who previously underwent 

percutaneous coronary intervention and coronary artery 

bypass grafting; and those with persistent hypotension, 

cardiogenic shock were excluded from the study. 

The patients after being diagnosed with ST elevation 

myocardial infarction were first given dual antiplatelet 

therapy followed by thrombolysis. Coronary Angiogram 

followed by revascularisation was done later as per the 

operators’ discretion. 

In group 1, twelve hours after thrombolysis patients 

received oral metoprolol: initially 25 mg bid, 24-48 hours 

later the dose was increased to 50 mg bid in patients with 

HR >70 beats/min if tolerated. In group 2, twelve hours 

after thrombolysis patients received 2.5 mg of ivabradine 

PO bid, increased to 5 mg twice per day 24 hours after, 

and 48 hours later the dose was increased to 7.5 mg twice 

in patients with HR >70 beats/min. Both drugs were 

titrated to obtain a HR target from 60 to 70 beats/min. 

The heart rates and blood pressure were taken on 

admission, and thereafter every 6 hourly in 

hospitalisation stay and on follow-up; and ejection 

fraction values were noted on admission and on 

discharge. NYHA class was also assessed. Patients' 

follow-ups were taken after 30 days. 

Statistical analysis 

Results on continuous measurements are presented as 

mean and standard deviation. Results on categorical 

measurements are presented as counts and percentages. 

Student’s t- test, Chi square test and paired t-test were 

used for analysis of the data. Data were analysed using 

SPSS software version 15.  

RESULTS 

A total of 60 patients were included in the study, with 30 

patients in each group. Two patients were of age between 

21-40 years, 29 patients were of age between 41-60 

years, and 29 patients were of age between 61-80 years. 

39 patients were male and 21 were female.  

Diabetes (43.3% and 70.0%) and hypertension (43.3% 

and 70.0%) were most prevalent conditions in patients of 

both groups. Smoking was a co-morbid condition in 12 

and 11 patients, respectively in both groups. The details 

about the prevalence of co-morbid conditions are 

presented in Table 1.   

Table 1: Co-morbid conditions in patients of                  

both groups.  

 
Metoprolol 

(N = 30 

patients) 

Ivabradine 

(N = 30 

patients) 

Asthma, n (%) 1 (3.3%) 3 (10.0%) 

Cerebrovascular 

accident, n (%) 
2 (6.7%) 6 (20.0%) 

Alcoholic, n (%) 5 (16.7%) 1 (3.3%) 

Diabetes mellitus, n (%) 13 (43.3%) 21 (70.0%) 

Smoking, n (%) 12 (40.0%) 11 (36.7%) 

Tobacco, n (%) 10 (33.3%) 11 (36.7%) 

Hypertension, n (%) 13 (43.3%) 21 (70.0%) 
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Metoprolol and ivabradine individually showed 

significant improvement in ejection fraction during in-

hospital stay. Ivabradine showed a better improvement in 

ejection fraction when compared to metoprolol but the 

difference was not found to be statistically significant (p 

= 0.148). Morbidity assessed in terms of functional status 

(NYHA) Class did not show major difference in both 

groups and was statistically insignificant (p = 0.065). 

More sick patients (class IV) were observed in ivabradine 

group (Table 2). 

Table 2: Ejection fraction and NHYA class details.  

Variable 

Metoprolol 

(N = 30 

patients) 

Ivabradine 

(N = 30 

patients) 

Ejection fraction at 

admission (Mean±SD, %) 
45.9±9.5 38.9±8.9 

Ejection fraction at 

discharge (Mean±SD, %) 
53.8±8.6 49.0±6.7 

Improvement in 

ejection fraction (Mean 

±SD, %) 

7.9±5.2 10.1±6.2 

NYHA class I, n (%) 22 (73.3%) 22 (73.3%) 

NYHA class II, n (%) 2 (6.7%) 4 (13.3%) 

NYHA class III, n (%) 6 (20.0%) 1 (3.3%) 

NYHA class IV, n (%) 0 (0%) 3 (10.0%) 

NYHA - New York Heart Association 

Table 3: Heart rates of patients at different                          

time points.  

  Group Mean 
Std. 

Deviation 

p 

value 

HR1 
Metoprolol 81.9 11.3 

0.396 
Ivabradine 85.6 20.4 

HR2 
Metoprolol 81.9 11.3 

0.396 
Ivabradine 85.6 20.4 

HR3 
Metoprolol 82.0 8.2 

0.917 
Ivabradine 82.3 9.1 

HR4 
Metoprolol 79.4 7.3 

0.599 
Ivabradine 80.4 7.8 

HR5 
Metoprolol 76.5 5.6 

0.264 
Ivabradine 78.2 6.5 

FU 
Metoprolol 74.6 3.1 

0.899 
Ivabradine 74.5 2.9 

HR 1,2,3,4,5 = Heart rate of day 1,2,3,4,5 respectively; FU = 

Follow-up 

The changes in heart rate over the treatment period and at 

follow-up are shown in Table 3. Ivabradine reduced mean 

heart rate from 85.6 bpm at baseline to 78.2 bpm. Heart 

rate in the metoprolol group was reduced from 81.9 bpm 

to 76.5 bpm over the same time period. No Significant 

difference was found in the mean heart rate reduction 

between the two groups in the prescribed duration of 

study. 

In-hospital mortality was 6.7% and 10% in metoprolol 

group and ivabradine group respectively (p = 0.640). 

Higher mortality was seen in   ivabradine group 

compared to metoprolol group as more number of sick 

patients (NYHA class-IV), diabetics and hypertensives 

were found in ivabradine group (Figure 1). However, 

none of the parameters reached statistical significance.  

 

Figure 1: Mortality in both groups up to 30 days 

follow-up. 

DISCUSSION 

β-Blockers are a first-line treatment in secondary 

coronary prevention after acute myocardial infarction 

with a marked reduction in mortality.7  

On the other hand, ivabradine reduces heart rate but does 

not pose any inotropic or lusitropic effect, thus 

maintaining ventricular contractility.8 Ivabradine reduced 

mean heart rate from 85.6 bpm at baseline to 78.2 bpm. 

Heart rate in the metoprolol group was reduced from 81.9 

bpm to 76.5 bpm over the same time period. Though the 

increment in heart rate was more in ivabradine group, no 

significant difference was found in the mean heart rate 

reduction between the two groups in the prescribed 

duration of study (7.1 and 5.4 bpm, respectively). 

Similarly, in the BEAUTIFUL trial which evaluated 

ivabradine for improving cardiovascular outcomes in 

coronary patients with left ventricular systolic 

dysfunction, ivabradine reduced the mean heart rate by 

11 bpm from the baseline heart rate (71.6 bpm) to 61 bpm 

at a mean dose of 12.36 mg/day at one month.9  

Moreover, the SHIFT trial evaluated the effect of pure 

heart rate reduction by ivabradine in addition to guideline 

based treatment on cardiovascular outcomes, symptoms 

and quality of life in patients with systolic heart failure, 

ivabradine reduced the mean heart rate (79.9 bpm) by 16 

bpm versus 5 bpm for placebo at one month and 

maintained throughout the course of the study.10  
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Morbidity assessed in terms of functional status (NYHA 

class) did not show any major difference in both the 

groups and the values were not significant (p = 0.065) in 

the present study. In-hospital mortality was 6.7% and 

10% in metoprolol group and ivabradine group, 

respectively (P = 0.640). Therefore, higher mortality was 

seen in ivabradine group compared to metoprolol group 

thereby suggesting that metoprolol as compared to 

ivabradine has mortality benefits. But on the other side, 

more number of patients with advanced heart failure and 

diabetics were in Ivabradine group. However, the 

percentage mortality difference between the two groups 

was not significant. 

Metoprolol and ivabradine showed significant 

improvement in the ejection fraction during the in-

hospital stay. Ivabradine showed a better improvement in 

ejection fraction when compared to metoprolol but the 

difference was not found to be statistically significant. In 

a previous study, Fasullo et al, compared ivabradine and 

metoprolol in patients with reperfused AMI with 

impaired left ventricular function. The heart rate 

reduction in metoprolol and ivabradine group was 27 

bpm and 25 bpm, respectively; and the improvement in 

ejection fraction was 4.7% and 9.9% in metoprolol and 

ivabradine group, respectively at 60 days follow-up. 

There was one case of death in each group.2 

Thus, it can be postulated that ivabradine leads to better 

heart rate reduction and better improvement in ejection 

fraction than metoprolol, though the difference was not 

statistically significant. In addition, ivabradine possesses 

some other advantages like it is devoid of most of the 

adverse effects of beta-blockers (and of calcium channel 

blockers) and it can be suitably used as an alternative 

when the first line drugs cannot be adequately tolerated.11 

Additional studies now must assess other potential 

actions of ivabradine in patients with coronary disease. 

Moreover, studies can be performed to evaluate 

ivabradine’s beneficial effects on post-myocardial 

infarction remodelling when HR is not reduced.2 With 

increasing interest in effects of ivabradine, it is not only 

considered as drug of choice in case of contraindication 

of β-blocker, but it can effectively be used in combination 

with β-blockers for an optimal therapeutic effect.12 

Study limitations  

The study has some limitations of including small sample 

size, short follow up, and lack of randomization. 

CONCLUSION 

The study gives the gold standard efficacy and mortality 

benefit of metoprolol, although ivabradine on the other 

hand gave better responses in heart rate reduction and 

improvements in ejection fraction. Further advanced 

studies with greater sample size and extensive follow-ups 

are required to get considerable results about the efficacy, 

safety and tolerability of the drugs involved in this study. 
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