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INTRODUCTION 

Cardiovascular diseases (CVD) are reported to be a 

leading cause of mortality in Indian population.1 

According to global burden of disease reports, India (272 

per 100,000 population) presents higher age standardized 

CVD death rates than the global population (235 per 

100,000 population).2 Acute coronary syndrome 

constituting ST-elevation myocardial infarction (STEMI), 

N-STEMI and unstable angina conditions is responsible 

for one-third of total CVD deaths.3 STEMI is defined as 

the characteristic clinical symptom of myocardial 

ischemia (MI), with persistent electrocardiographic STE, 

and the subsequent release of biomarkers of myocardial 
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ABSTRACT 

 

The prevalence of cardiovascular diseases continues to increase in India, with a rapid epidemiological transition. 

Timely management of ST-elevation myocardial infarction (STEMI)is the key to decrease mortality and morbidity 

rates. In India, patients most often do not receive optimal therapy owing to a number of factors such as socio-

economic constraints, lack of knowledge, geographical restrictions etc, leading to suboptimal outcomes. The timely 

delivery of optimal reperfusion strategy for STEMI patients is immensely challenging for physicians, due to several 

reasons. Primary percutaneous coronary Intervention (PCI) is still a global gold standard for the treatment of STEMI. 

Delayed case presentation is a significant challenge, especially in Indian tier towns/cities, because of prolonged 

transportation time or traffic delays with regards to reaching a PCI facility. Keeping in mind the accessibility to PCI 

facility because of geographical locations as well as affordability concerns especially in smaller Indian towns, 

pharmaco-invasive approach is almost as effective and a practical approach for reduction of morbidity and mortality 

rates. Timely establishment of reperfusion therapy is critical for improving myocardial salvage in patients with 

STEMI. There is an urgent need for developing strategies for efficient STEMI management, such as timely delivery 

of reperfusion therapy; reinforcement of health system and professionals, implementation of guideline-based 

interventions, streamlined insurance policy and greater emphasis on patient awareness for detection of symptoms. In 

addition to the timely reperfusion therapy and other standard care drugs, statins and potassium channel activators have 

demonstrated clinically significant improvements in the outcome of STEMI management.  
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necrosis.4 Approximately 3 million STEMI cases are 

reported in India every year, and only 20% of the patients 

can afford  proper treatment and care.2 There are a 

number of factors that are responsible for delay in 

STEMI management and these need to be addressed 

carefully at each step. 

The aim of this article was to collate expert experience 

and opinions on the significance of pharmaco-invasive 

therapy in STEMI patients when primary PCI cannot be 

performed in timely manner, in tier 1/2 cities of India. 

The present paper highlights the important points put 

forth in an expert meeting, held in eight cities of India, in 

order to improve care and outcomes in patients presenting 

with STEMI. 

METHODOLGY 

A series of expert meetings involving specialists like 

cardiologists and physicians were conducted in eight 

cities of India (Figure 1). These experts shared their 

experience on the importance of PCI therapy during 

STEMI management and the significance of pharmaco-

invasive therapy in STEMI patients when primary PCI 

cannot be performed in timely manner. Individual expert 

meeting opinions were collected and finally their 

consensus was compiled into one document. 

  

Figure 2: Locations of the expert meetings in 8 Indian 

tier cities. 

STEMI MANAGEMENT 

Percutaneous coronary intervention (PCI) is the first 

choice for management of STEMI patients, as it has been 

reported to result in a higher percentage of lasting and 

complete reperfusion. Primary PCI intervention restores 

normal flow angiographically, in the previously occluded 

artery, in more than 90% of patients.5 In STEMI setting, 

PCI is the preferred intervention- provided it can be 

initiated as per recommended timelines in an appropriate 

manner.6 The door to balloon time for PCI should be 

achieved in patients presenting within 90 minutes or>120 

minutes respectively.5,6 The expert consensus meeting 

also highlighted the importance of timely intervention of 

PCI in patients presenting with STEMI. 

Timely PCI Intervention PRAMI (preventive angioplasty 

in acute myocardial infarction) trial, demonstrated a 

significant decrease in incidence of lower ischemic 

outcomes in STEMI patients undergoing complete 

revascularization at time of primary PCI, including non-

culprit vessel PCI.7 TRIANA trial reported that primary 

PCI is an appropriate intervention for STEMI cases even 

for the elderly population.8 CvLPRIT (complete versus 

lesion-only primary pci trial)trial demonstrated a 

significant reduction in major adverse cardiac events 

(MACE) endpoints in patients who underwent 

multivessel PCI.9 Based on the available clinical 

evidences and landmark trails, recent guidelines also 

suggest timely intervention of PCI as an appropriate 

reperfusion therapy in patients presenting with 

myocardial infarction.10 

Hurdles for STEMI Management in Indian towns 

However, in a developing country like India, timely PCI 

continues to be a challenge owing to the following 

factors: 2,5,6,10 

1) Delay in seeking medical attention or calling an 

ambulance 2) lack of awareness about the disease and its 

early signs and symptoms 3) dearth of PCI centers in 

remote areas 4) lack of 24 x 7 availability of PCI centers 

in metro cities as well as in smaller towns 5) poorly 

trained paramedics and technicians 6) transportation 

difficulty and traffic delays: Timely transfer to PCI 

centers remains a huge challenge considering the dearth 

of emergency ambulance services and poor state of road 

infrastructure 7) delays within a care center due to factors 

such as availability of PCI centre during busy hours, 

arrangement of finances, obtaining consent or availability 

of round the clock workforce 8) arranging finances on an 

emergency basis and lack of health insurance policies. 

This expert committee also put forth the need gaps in 

timely management of STEMI. 

“In Indian scenario, frequency of primary PCI 

intervention in hospitals is very low due to the challenges 

faced due to lack of transfer facility, financial constraints, 

unavailability of cardiologists around the clock and 

difficulty in obtaining patient/relative consent.” 

The “Create” and “Kerala” ACS registries stated that in 

Indian population there is a significant delay in patient 

presentation and initiation of timely reperfusion 

therapy.11,12 Create ACS registry study was conducted in 

89 centers from 10 regions and 50 cities in India, aimed 

to improve treatment outcomes in ACS patients. It 

demonstrated that in Indian scenario, most patients were 
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from lower middle (52.5%) classes and median time 

taken from symptoms to hospital was 360 minutes, with 

50 minutes from hospital to thrombolysis. It included 

majority of patients from cities in India with PPCI 

facilities available, median time from symptom onset to 

reach hospital being 300 minutes.12 In addition to this, 

Kerala ACS registry evaluated data from 25,748 ACS 

admissions in 125 Kerala hospitals to address treatment 

and health system gaps during intervention. Data registry 

reported that thrombolytics was used in 41% STEMI, 

19% non-STEMI and 11% unstable angina cases. PCI 

(Percutaneous coronary intervention rates) rates were 

found marginally higher in STEMI admissions. The 

available data demonstrated that ACS management can 

be improved by focusing on factors which help in 

reducing the symptom-to-door time or door-to-needle 

time.11 Reduction in delays in access to hospital and 

provision of affordable treatments could significantly 

reduce morbidity and mortality rates.   

In such a scenario, pharmaco-invasive (PI) therapy has 

been reported to play a significant therapeutic role. PI 

therapy is a strategy consisting of early fibrinolysis 

followed by transferring the patient to a PCI-capable 

center either for immediate PCI for patients with failed 

thrombolysis, or for non-urgent coronary angiography to 

regulate the necessity for additional revascularization 

within 3 to 24 hours.13 Several clinical trials have also 

supported this approach to be adopted for patients with 

acute STEMI, where PCI cannot be performed.14,15 

The expert group members were of the same opinion for 

adoption of pharmaco-invasive therapy in Indian 

scenario: 

“Keeping in view the Indian scenario, pharmaco-invasive 

approach is a more practical and suitable option in 

patients who present after long time following symptom 

onset.” 

PCI is the gold standard of therapy although in order to 

further reduce rehospitalization and mortality rates in 

patients with STEMI where PCI is unapproachable, 

improvements or alternative management is required. It is 

important to address factors which are responsible to 

improve survival rates in patients presenting with 

STEMI, to decrease incidence of downstream 

rehospitalization, secondary MI, myocardial injury or 

even heart failure.16-18 Another significant reason behind 

secondary attack in post-MI patients is lack of adherence 

to a medication regimen.19 PCI rates are also very low 

because of accessibility and cost issues and that is why 

pharmaco-invasive therapy is the way ahead for patients 

with acute coronary syndrome.6,10,16,17 Taking into 

consideration the presence of various logistic barriers in 

timely PCI management in Indian scenario, Sharma 

(2018), reaffirmed that pharmaco-invasive approach is a 

safe alternative for STEMI patients presenting at non-PCI 

centers in India.20 Several other clinical trials such as 

Caress-In-Ami, Transfer-Ami, West Study, Stream, Step 

Ami have reported the potential benefits of pharmaco-

invasive strategy.5 

Pharmaco-invasive therapy 

Pharmaco-invasive (PI) therapy has tremendous 

significance in Indian scenario. It involves initially 

administering fibrinolytic agents and then systematically 

performing an angiography within 3-24 hours, after start 

of fibrinolytic therapy regardless of whether fibrinolysis 

results in successful reperfusion or not.21 The use of 

antiplatelets, β-blockers, statins and angiotensin 

converting enzyme inhibitors (ACEIs)/angiotensin 

receptor blockers (ARBs in ACEI intolerant patients) in 

STEMI patients reduced the clinical risk of mortality and 

MACE events.2 It has also been reported, that an 

impressive number of patients (5-10%) presenting with 

ACS, have atrial fibrillation and use oral anticoagulants 

(OAC).22 

Although primary PCI facility is available in most of the 

Indian metro and urban cities, it is limited by several 

factors such as cost of procedure, traffic congestion, lack 

of 24×7 availability to STEMI facilities and increased 

footfall in the PCI centres.23 Suburban hospitals may 

also be plagued with limited facility in PCI cathlabs. 

Thus, the PI approach is of utmost importance in Indian 

scenario due to unavailability of PCI facilities in small 

cities, towns and villages (Figure 2).21,24 

 

Figure 2: Pharmaco-invasive approach of                   

STEMI care.  

Thrombolytic agents in PI approach for optimizing 

STEMI management 

Thrombolytic therapy for acute myocardial infarction 

(AMI) was incorporated into the armamentarium of 

clinicians over 2 decades ago. Thrombolytic therapy 

recanalizes the thrombotic occlusion related with STEMI 

and the restoration of coronary flow reduces infarct size. 

It also improves myocardial function and survival over 

short and long-term.26 Thrombolytics plays a vital role in 

cardio-vascular disease management. An effective 

treatment should concentrate on rapid clot dissolution, 

reduction of tissue damage and boosting survival rates.27 
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The evolution of the thrombolytics over the last two 

decades has seen a significant transition from first 

generation (streptokinase, urokinase) to fibrin-specific, 

nonantigenic, second generation (alteplase) and third 

generation thrombolytics (reteplase, tenecteplase). This 

evolution is associated with longer half-lives, resistance 

to plasminogen activator inhibitor-1, better 90 minutes 

patency rates and TIMI flow grade 3. In a given health 

care setting, the choice of thrombolytic agent should 

consider factors such as mortality risk, intracranial 

hemorrhage, age, timing of thrombolytic treatment and 

cost effectiveness.26 

Indian consensus meeting (2013) recommends a time 

guided fibrinolytic therapy either with reteplase, 

tenecteplase, alteplase or streptokinase along with 

adjunctive PI therapy when PCI cannot be done in given 

timelines.21,28 These have demonstrated superior clinical 

efficacy, safety and tolerability along with rapid 

reperfusion, effective clot lysis activity, easy 

administration and minimal risk of mishandling or dose 

errors over other fibrinolytic agents.21,29 It has also 

reported 50% lowering of ST-segment in greater number 

of patients at 90 minutes post dosing and improves long 

term survival.29 

The third-generation fibrinolytic agents e.g. reteplase has 

increased fibrin specificity, increased resistance to 

inhibition by plasminogen activators and longer half-life. 

Reteplase is a fibrin-specific recombinant plasminogen 

activator derived from t-PA. The benefits of reteplase 

(3rd generation) are higher than other fibrinolytic agents 

such as its feasibility to administer a double dosing 

regimen resulting in rapid reperfusion. Dose adjustment 

on the basis of body weight is not required in reteplase 

therapy. It has proven superiority in patency rates 

compared to first/second generation lytic agents. It 

actively penetrates the clot rather than accumulating on 

the top, thus leading to effective clot lysis. Comparatively 

greater ease of administration and lesser chances of 

dosing errors are seen as infusion is not required during 

reteplase administration.21,26,27 

Table 1: Comparison of fibrinolytic agents.26  

Parameters Streptokinase Alteplase Reteplase Tenecteplase 

Dose  
1.5 MU in 30-

60 min 

Up to 100 mg in 90 min 

(based on weight) 

10 U×2 (30 min apart) 

each over 2 min 

30–50 mg based 

on Weight 

Bolus administration  No  No Yes Yes 

Antigenic allergic 

reactions  
Yes  No No No 

Systemic fibrinogen 

depletion 
Marked Mild Moderate Minimal 

90-min patency rates (%)  ≈50 ≈75 ≈75 ≈75 

TIMI grade 3 flow (%) 32 54 60 63 

 

Role of statins and potassium channel opener 

nicorandil in optimizing outcomes in STEMI 

management: 

Nicorandil and long-acting nitrates are effective drugs 

used for treatment of chronic stable angina, coronary 

vasospasm and microvascular angina. Intravenous 

nicorandil before PCI significantly reduces the frequency 

of coronary slow flow. Nicorandil also antagonizes ADP 

induced platelet aggregation, improve microcirculation in 

ischemia area, decreases no reflow phenomenon and can 

also inhibit the formation of active oxygen, which is one 

of the mechanisms in the protective effect on the 

myocardium.30 Although, evidence indicates that 

treatment with nicorandil is associated with modest 

reduction in cardiovascular events among patients with 

stable angina.25 

Clinical reports have demonstrated various significant 

effects such as improvement in myocardial perfusion and 

cardiac function, in TIMI and TMPG score, in ST-

segment elevation resolution (STR) using nicorandil 

during PCI in STEMI patients. In addition to this, 

nicorandil exhibits lower incidence of no-reflow 

phenomenon (NRP) and was found better tolerated than 

nitrates without major adverse cardiovascular events.31 

Pang et al reported cardioprotective effects of nicorandil 

in coronary heart disease for, patients undergoing elective 

PCI by reducing PCI-related MI, rate of the no-reflow 

phenomenon and improvement of left ventricular ejection 

fractions.32 Recently Feng et al demonstrated 

improvement in clinical outcomes and decrease in 

incidence rate of reperfusion injury with early use of 

nicorandil, distal to vascular lesion during P-PCI in 

STEMI.33 An early coronary use of nicorandil 

significantly reduced the damage in myocardial 

microcirculation caused by PPCI, along myocardial 

infarct size in patients with acute myocardial ischemia.34 

Reports also suggest that oral nicorandil decreases 

mortality rates for all patients, especially in elderly 

patients (<75 years), male gender and patients with 

hypertension.35 Nicorandil is a useful drug for long term 

outcomes with respect to cardio-protection and 

ventricular function. A study suggested that oral 

administration of nicorandil is found associated with 

reduced incidence of mortality rates and in the setting of 

secondary prevention.35 
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Thereby, combining intravenous thrombolytic agent with 

oral nicorandil therapy enhances myocardial perfusion 

level, reduces myocardial damage, improves cardiac 

function and decreases the risk of arrhythmia.36 

Statins confer beneficial effects in early secondary 

prevention and are used as first-line of treatment for ACS 

patients.37 Atorvastatin and rosuvastatin had a favorable 

effect on lipid profile with a significant decrease in total 

cholesterol, LDL and triglycerides levels. These two are 

the most commonly prescribed drugs for 

hypercholesterolemia and are a part of routine treatment 

of ACS patients.38 Rosuvastatin was found to be more 

effective in decreasing CRP (C-reactive protein) levels 

which is associated with greater risk of cardiovascular 

events.38 Rosuvastatin reduces LDL-C, increases HDL-C 

more effectively and helps in achieving lipid goals than 

the other statins. Rosuvastatin also demonstrated clinical 

improvement in atherosclerosis markers such as reduction 

in lipid rich necrotic core, regression of carotid intima-

media thickness (CIMT), reduction in plaque volume and 

decreasing apo B/apo A-1ratio. Several clinical studies 

have also demonstrated that rosuvastatin has a role in 

regression of coronary atherosclerosis and is beneficial in 

patients for secondary prevention.39  Thus, beyond their 

lipid-lowering effect, statins are also known to be anti-

inflammatory, inhibit thrombosis, improve endothelial 

function, stabilize atherosclerotic plaque, inhibit cell 

adhesion, and improve microvascular circulation, all of 

which contribute to improved clinical outcomes in 

STEMI management.40 

Strengthening cardiac rehabilitation in India 

Effective follow-up of STEMI patients is crucial for 

optimal management. In addition to medical 

interventions, participation in cardiac rehabilitation (CR) 

program should be strictly recommended to improve 

patient outcomes after CABG or PCI. Studies have 

demonstrated that participation in cardiac rehabilitation 

by patients undergoing myocardial infarction (MI), 

percutaneous coronary intervention (PCI) and coronary 

artery bypass graft (CABG) surgery significantly 

decreases the morbidity, mortality and hospital 

readmission rates in a cost‐effective manner.40,41  

Cardiovascular associations have recognized the principal 

CR components which aid in reducing cardiovascular 

risk, improving quality of life as well as promoting 

reduced disability. The CR components includes points 

such as baseline patient assessment, increasing doctor-

patient interaction, imbibing physical activity, training 

and counselling, nutritional counselling, management of 

comorbid risk factors e.g. hypertension, dyslipidemia, 

obesity, diabetes mellitus, etc. as well as psychosocial 

counselling.42,43 Robust clinical evidence have 

demonstrated that CR participation reduced morbidity 

and mortality by 20% in a cost-effective manner over the 

subsequent years when compared to usual care.44 Thus, 

efforts should be made to improve cardiac rehabilitation 

process during hospital stay as well as after 

hospitalization especially in low-referral hospitals to 

improve quality of life in patients.45,46 

In addition to this, hand holding is a crucial approach 

while creating awareness and educating the healthcare 

personnel from remote areas. The STEMI India Hub and 

spoke model (Figure 3) has been reported to be as a 

reliable model. Replication of a similar program in other 

towns and cities of India should be encouraged and 

would ensure appropriate care for STEMI patients.21 

 

Figure 3: Hub and spoke model of STEMI-India.  

CONCLUSION  

Indian metro and tier cities have equipped PCI facility 

hospitals; however, persistent delays and gaps in timely 

reperfusion therapy have resulted in increased cardiac 

mortality rates in India. Pharmaco-invasive therapy can 

be a critical reperfusion strategic intervention in several 

patients, where delay in primary percutaneous coronary 

intervention is anticipated. In rural or urban situations, 

where there is delay in reaching PCI center, thrombolysis 

and transfer for PI management is the best option 

recommended. Administration of nicorandil along with 

thrombolytic agents was reported to improve cardiac 

functions.32,36 In addition to this, setting up of a cardiac 

rehabilitation care center is an important crucial step 

towards improving management goals and long-term 

survival rates. Extensive work still needs to be conducted 

in different areas to overcome barriers, which will lead us 

to a management system beneficial for patients with 

cardiovascular diseases. 
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