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Primary percutaneous coronary intervention 
(PCI) is the treatment of choice for the management 
of acute ST segment elevation myocardial infarction 
(STEMI), when it can be provided within 120 min 
of diagnosis1-3. The timely provision of primary PCI 
presents major logistical challenges. In countries 
like the United States, which has a large number of 
cardiac catheterization facilities, many patients with 
STEMI do not present to PCI-capable hospitals4. 
These patients are then transferred for primary 
PCI, but only about a fifth of them achieve the 
recommended transfer-in door-to-balloon time of 
≤90 min5. Consequently, based on the evidence from 
recent randomized trials, guidelines recommend 
fibrinolytic therapy followed by elective PCI between 
2 and 24 h (a pharmaco-invasive strategy), for patients 
who are unlikely to receive timely primary PCI2,3.

In India, there are far fewer PCI-capable 
hospitals providing round-the-clock primary PCI 
facilities than in most developed countries, and the 
vast majority of patients with STEMI present to 
non-PCI-capable hospitals. As a result, only about 
5-10 per cent of patients with STEMI, who are eligible 
for reperfusion, undergo primary PCI6. Even in the 
States with well-developed healthcare infrastructure, 
the proportion of patients undergoing primary PCI is 
less than 15 per cent6,7. It would therefore appear that 
a pharmaco-invasive strategy is ideally suited for a 
country like India. Some investigators have recently 
created hub-and-spoke networks to facilitate transfer 
of patients to PCI-capable hospitals with a view to 
improving the rates of primary and pharmaco-invasive 
PCI in the State of Tamil Nadu. Based on the limited 
observational data obtained from this experience8, 
there is a movement to scale up this model nationally.

We believe that such a model will be costly to 
implement and is unlikely to yield the expected benefits 

to patients who suffer a STEMI in this country. Here, we 
draw on the pathobiology of acute coronary occlusion 
and on the available data on Indian patients presenting 
with STEMI, to demonstrate why a focus on improving 
primary and pharmaco-invasive PCI may be misguided.

Myocardium dies rapidly after coronary occlusion

Both experimental and clinical data suggest 
that the amount of salvageable, reversibly injured 
myocardium reduces exponentially following coronary 
occlusion. In anaesthetized dogs, nearly 40 per cent of 
myocardium became nonviable 40 min after occlusion, 
rapidly progressing to 57 per cent at three hours and 
71 per cent at six hours9. This rapid loss of viability 
is also mirrored by a rapid fall in the relative benefits 
of fibrinolytic therapy with time to treatment10. In 
meta-analyses of the fibrinolytic therapy trials, the 
proportional mortality reduction with fibrinolysis 
was 26 per cent in patients treated within three hours, 
falling to 18 per cent for those treated between four 
and six hours, and just 14 per cent between seven 
and 12 h11. This is depicted in the Figure. The curves 
suggest that for reperfusion therapy to be effective, it 
has to be provided within 3-6 h (corresponding to the 
steep portion of the curve). Treatment beyond six hours 
(in the flat portion of the curve) yields far less benefit.

Indian patients with STEMI present late

In India, the time from symptom onset to 
presentation to a treating hospital is the main 
component of pre-hospital delay among patients with 
STEMI. Typically, patients present beyond 5-6 h after 
symptom onset and as late as 10-13 h (Table I)7,12-16. 
In a large registry from the State of Kerala, over 
40 per cent of patients presented beyond six hours after 
symptom onset6. This may be due to several factors, 
including a failure to recognize the seriousness of 
symptoms, non-availability of ambulance services and 
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onward referral without treatment at the point of first 
medical contact (FMC)7. Delays may also be due to 
the difficult terrain making transport times long. For 
example, the median time from symptom onset to 
presentation was 13 h in the Himachal Pradesh ACS 
Registry14. Therefore, on average, Indian patients with 
STEMI present in the flat portion of the myocardial 
salvage curve (Figure), where the effect of even the 
most efficient reperfusion modalities may be minimal. 
Further, between 35 and 65 per cent of patients present 
beyond 12 h and do not receive any reperfusion therapy. 
Consequently, the largest benefits are likely to accrue 
from policies and interventions which aim to reduce 
this pre-hospital delay.

Pharmaco-invasive therapy is useful only in 
patients who present early

The primary mechanism of benefit of elective 
angioplasty performed within 24 h after fibrinolysis 

is likely through the prevention of re-occlusion 
that occurs in about 10 per cent of patients after 
fibrinolytic therapy17. For example, in the Trial of 
Routine Angioplasty and Stenting after Fibrinolysis to 
Enhance Reperfusion in Acute Myocardial Infarction, 
the difference in the composite primary outcome 
was driven by the reduction in recurrent ischaemia 
or infarction in the patients who underwent elective 
angioplasty after fibrinolysis18. Parenthetically, for 
prevention of re-occlusion of the infarct-related artery 
to make a difference, sufficient myocardium must be 
salvaged by the preceding fibrinolytic therapy. A review 
of the trials of pharmaco-invasive therapy suggests 
that the time from symptom onset to presentation is 
typically less than two hours, with fibrinolysis being 
provided shortly thereafter (Table II)18-24. Therefore, 
the evidence for the benefit of pharmaco-invasive 
therapy comes exclusively from patients who present 
in the steep portion of the myocardial salvage curve 
(Figure). There is currently no evidence to indicate 
that patients who present beyond 2-3 h after symptom 
onset, particularly those who present in the flat portion 
of the myocardial salvage curve, will benefit from a 
pharmaco-invasive approach.

Towards evidence-based programmes and policy

Treatment of STEMI presents a good example of 
a situation where evidence generated elsewhere cannot 
be extrapolated indiscriminately to the Indian context. 
There is a need to generate high-quality evidence 
locally to inform policy. Observational data have 
well-known limitations and must not be the sole basis 
for designing new programmes, particularly when, as 
in this case, major increases in healthcare spending are 
involved. The transfer of all patients to PCI-capable 
hospitals involves provisioning for new transport and 
catheterization laboratory infrastructure and workforce. 
Secondly, programme objectives should be chosen 

Table I. Time from symptom onset to presentation and fibrinolysis in Indian patients with STEMI
Study, year, n (number of STEMI 
patients)

Time from symptom 
onset to FMC (min)

Time from symptom 
onset to fibrinolysis (min)

Proportion of patients not 
receiving any reperfusion (%)

CREATE registry7, 2008, n=12,405 300 350 31
HP ACS registry14, 2016, n=2641 780 NR 64.4
Iqbal and Barkataki13, 2016, n=510 600 630 59.2
ACS QUIK12, 2018, n=13,689 240 305 28
YOUTH registry16, 2019, n=787 340 NR 42
Sharma et al15, 2021, n=1203 600 NR 48
STEMI, ST segment elevation myocardial infarction; FMC, first medical contact; NR, not reported
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Figure. Relationship between time from coronary occlusion and 
experimental and clinical measures of myocardial salvage. Figure 
depicts remaining salvageable myocardium (blue dots) with time 
following experimental coronary occlusion9 and relative mortality 
reduction with fibrinolytic therapy (red dots) in relation to time from 
symptom onset10,11. Figure recreated from published data9-11. STEMI, 
ST elevation myocardial infarction.
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based on local needs and the best available evidence. 
Given that most patients across the country present late 
after symptom onset, and that a substantial number 
of them do not receive any fibrinolytic therapy, it is 
obvious that the most appropriate point of focus of any 
STEMI treatment programme should be on these two 
metrics. There is overwhelming evidence to suggest that 
this would yield the greatest improvement in patients’ 
outcome11. Having multiple additional objectives can 
have the unanticipated consequence of undermining 
the primary focus. For example, in the Tamil Nadu 
STEMI model (which was aimed at facilitating 
transport for primary PCI or pharmaco-invasive PCI), 
the proportion of patients receiving fibrinolytic therapy 
actually reduced (from 67 to 50%) after implementation 
of the programme, without increasing the overall 
rate of reperfusion8. These patients were presumably 
transferred for primary PCI, but it is unclear from 
the published data if this was performed in a timely 
manner. This may be a reflection of the ‘reperfusion 
paradox’ that has been observed in the context of 
choosing between primary PCI and fibrinolysis4. 
Armstrong and Boden4 noted that in a futile attempt 
to offer timely primary PCI, the opportunity for timely 
fibrinolysis was being foregone.

Finally, India is a large country with major 
differences in healthcare infrastructure between the 
States (and even districts). Therefore, a one-size-
fits-all model of STEMI care for the country would 
be misguided and wasteful. Based on the available 
evidence, we suggest that any model of STEMI care in 
India should have the principal objectives of improving 
the rates of fibrinolysis, and reducing the time from 
symptom onset to FMC, and treatment. These can be 
achieved by ensuring the performance of ECGs at the 
point of FMC, enable their prompt interpretation (by 
on-site or off-site personnel) and prompt initiation of 
bolus fibrinolytic therapy. This approach has resulted 
in a near doubling of the proportion of patients who 
received fibrinolytic therapy in the ICMR STEMI-
ACT Programme in Shimla (36.7 to 60.2% one year 
after implementation; unpublished data from annual 
report submitted to the ICMR). Programmes can be 
selectively upgraded (at the district or State levels) 
to include transfer of patients for elective PCI after 
fibrinolysis, once timely fibrinolysis is routinely 
provided (time from symptom onset to treatment 
between 2 and 4 h). However, if investigators believe 
that a pharmaco-invasive strategy may be appropriate 
even at longer times to fibrinolysis, they should produce 
strong evidence in the form of pragmatic randomized 
trials. Such an approach offers the best way forward for 
improving STEMI care in India.
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