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                    ST segment elevation myocardial infarction remains a 
significant contributor to morbidity and mortality worldwide, 
despite a declining incidence and better survival rates. It 
usually results from thrombotic occlusion of a coronary artery 
at the site of a ruptured or eroded plaque. Diagnosis is based 
on characteristic symptoms and electrocardiogram changes, 
and confirmed subsequently by raised cardiac enzymes. 
Prognosis is dependent on the size of the infarct, presence 
of collaterals and speed with which the occluded artery is 
reopened. Mechanical reperfusion by primary percutaneous 
coronary intervention is superior to fibrinolytic therapy 
if delivered by an experienced team in a timely fashion. 
Post-reperfusion care includes monitoring for complications, 
evaluation of left ventricular function, secondary preventive 
therapy and cardiac rehabilitation.                           

  Introduction 

 ST segment elevation myocardial infarction (STEMI) remains 
a major cause of premature death worldwide and, despite 
recent advances, controversies persist regarding its optimal 
management. Most STEMI are caused by atherosclerotic 
plaque rupture with vessel occlusion due to secondary 
thrombosis, with the extent of subsequent myocardial 
injury dependent on the area of myocardium subtended 
by the culprit vessel, duration of occlusion and presence of 
collaterals. Therefore, expeditious restoration of vessel patency 
represents the cornerstone of treatment of this condition, 
and although widespread uptake of primary percutaneous 
coronary intervention (PPCI) has significantly improved 
outcomes, debate continues regarding optimal antithrombotic/
anticoagulant and interventional strategies employed.  

  Incidence and pathophysiology 

 STEMI accounted for 39% (31,653 patients) of all hospital 
admissions due to myocardial infarction in the UK (excluding 
Scotland).  1   The unadjusted 30-day mortality rate for STEMI 
patients was 8.1% during the period 2013–14, compared with 
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12.4% ten years earlier (2003–2004);  1   such an impressive 
decline can be attributed to improvements in emergency 
medical response, adoption of effective reperfusion strategies 
and widespread use of secondary preventive pharmacotherapy. 

 STEMI is most frequently triggered by acute thrombotic 
coronary artery occlusion at the site of a ruptured pre-existing 
atherosclerotic plaque, with plaque erosion and calcific 
nodules occurring in smaller proportions (approximately 
30% and 5%, respectively). While historically ‘vulnerable’ 
plaques that have ruptured may appear mild or moderate at 
coronary angiography, in reality they are much more severe, 
as demonstrated in postmortem histological and intravascular 
imaging studies,  2   likely due to positive remodeling, where 
the vessel expands in response to plaque enlargement and 
encroachment on the lumen. 

 Soft, or lipid-rich, plaques with a thin fibrous cap are 
particularly prone to rupture in response to repetitive cycles 
of shear stress, leading to exposure of the lipid core, localised 
platelet aggregation, fibrin deposition and formation of a 
propagating thrombus that eventually occludes the vessel. 
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Coronary occlusion for more than 20 minutes results in 
irreversible damage to cardiac myocytes, and nearly half of 
potentially salvageable myocardium is lost within the first 
hour.  3   The extent of myocardial cell death is clearly dependent 
on the size of the myocardial territory supplied by the culprit 
artery, duration of the occlusion, and the presence of a collateral 
circulation; intuitively, larger myocardial infarcts are more 
likely to cause death or cardiac failure.  

  Diagnosis and triage 

 Diagnosis of STEMI is based on history and electrocardiogram 
(ECG) changes. Although STEMI may be silent or present with 
sudden cardiac death, the majority of patients present with 
typical ischaemic-type chest discomfort accompanied by ST 
segment elevation on the 12-lead ECG, often with reciprocal 
ST segment depression in other leads. Atypical clinical 
presentations are well recognised, particularly in diabetic 
and elderly patients, and there are several less common ECG 
variants that either indicate, or are highly suggestive of STEMI. 
The latter include anterior ST depression with dominant R 
waves and upright T waves in V1–V3 (true posterior STEMI), 
new/presumed new left bundle branch block (although 
specificity is somewhat poor)  4   and isolated ST elevation in 
lead aVR with widespread ST depression in other leads (which 
may be indicative of left main coronary artery occlusion).  5   
Echocardiography may be a useful tool in ruling out acute 
STEMI by demonstrating absence of regional wall motion 
abnormalities. 

 Raised cardiac biomarkers confirm a diagnosis of STEMI. 
Troponin measurements are favoured over other biomarkers 
because of superior sensitivity and specificity; however, the 
decision to administer reperfusion therapy should not await the 
results of cardiac enzyme assays owing to the need to institute 
such therapy emergently.  

  Management 

 The key priority in the management of STEMI is rapid 
restoration of vessel patency in order to maximise myocardial 
salvage (‘time is muscle’).  6   Given this time dependence, 
reperfusion therapy is recommended in patients who present 
within 12 hours of symptom onset and have persistent ST 
elevation or new left bundle branch block. Beyond 12 hours, 
reperfusion therapy is only recommended in patients with 
ongoing ischaemic chest pain and persisting ST segment 
elevation, or in those with cardiogenic shock.  7    

  Fibrinolysis or PPCI? 

 In the 1980s/1990s, reperfusion was achieved pharmacologically 
with fibrinolytic agents, but their unpredictable efficacy 
and less favourable outcomes have led to adoption of 
mechanical reperfusion with PPCI (Fig  1 ) as the preferred 
reperfusion strategy in many countries, including the UK.  8   
In 2013–14, 98.5% of STEMI patients in England underwent 
PPCI, compared with less than 5% a decade earlier, thereby 
demonstrating the success of the national implementation 
of the PPCI strategy.  1   Current UK recommendations are a 
maximum call-to-balloon time (time between call for help 
and balloon inflation) of ≤150 minutes and a door-to-balloon 
time (time between arrival at PCI-capable centre and first 
balloon inflation/device deployment) of ≤90 minutes.  1,9   In 
situations where there is an expected delay of >120 minutes 
before PPCI can be delivered, or when patients present very 
early (within 2 hours) after symptom onset, fibrinolytic therapy 
may be considered in preference to PPCI because of equivalent 
outcomes;  7   however, in England in 2013–14, fibrinolytic 
therapy for STEMI was only utilised in 35 cases (2%).  1   In 
the recent STREAM trial, patients presenting early (within 
3 hours of symptom onset), and where a delay of ≥1 hour to 
PPCI was expected, were randomised to early fibrinolysis 
followed by routine coronary angiography and subsequent 
revascularisation within 6–24 hours or PPCI. Despite STREAM 
demonstrating equivalence in clinical outcomes between the 
two strategies,  10   the potential for confusion between choices 
of therapy for individual patients has led most geographies 
(the UK included) to settle on a single strategy for all patients, 
usually PPCI. Nevertheless, PPCI must be delivered in a timely 
fashion, and therefore encouraging direct admission to PPCI-
capable centres, minimising inter-hospital delays (average 40 
minutes in 2012 9 ) and promoting early presentation through 
public awareness campaigns are all key to the success of such a 
strategy.   

  Antiplatelet therapy and preloading 

 In the treatment of STEMI in general, extensive evidence 
favours use of dual antiplatelet therapy (DAPT) with aspirin 
and a P2Y12 receptor blocker,  11   with additional indications 
still where PPCI is performed and stents implanted. However, 
considerable debate persists over which P2Y12 inhibitor to 
use and when it should be administered. Generally, UK and 
European practice has included administration of loading doses 
of aspirin (300 mg) and clopidogrel (600 mg) by paramedic 

  Fig 1. Mechanical reperfusion 
(with primary percutaneous 
coronary intervention) to an 
occluded circumfl ex artery. A – 
complete occlusion of circumfl ex 
artery (arrow). B – residual ste-
nosis at site of plaque rupture 
following removal of thrombus 
(inset). C – widely patent artery 
following stent implantation.  
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crews in the pre-hospital setting. However, with more rapidly 
acting and potent P2Y12 inhibitors now available, in areas with 
short ambulance transfer times, or in healthcare systems such 
as the USA where there is early availability of coronary artery 
bypass graft surgery (CABG), DAPT administration may be 
delayed until hospital arrival or even following delineation of 
coronary anatomy at angiography. 

 The newer P2Y12 agents, ticagrelor and prasugrel, have a 
more rapid onset of antiplatelet activity and a more predictable 
and reliable platelet inhibition. Both have demonstrated 
efficacy in the PPCI setting, albeit in subgroup analyses 
of larger studies encompassing acute coronary syndrome 
(ACS) cohorts that included STEMI patients.  12   ,   13   Owing to 
differences in the proportion of STEMI patients in each study 
and the variation in timing of drug administration (prasugrel 
after angiography and ticagrelor after clopidogrel preloading in 
STEMI cases), the trials cannot usefully be directly compared. 
However, despite the STEMI subgroups being underpowered, 
similar results were obtained to those in the overall studies 
in terms of reduction in hard endpoints, although not always 
achieving statistical significance. Importantly in this high-risk 
subset, both agents reduced the incidence of stent thrombosis 
without increasing non-CABG-related bleeding. At present, 
data support use of prasugrel only in ACS patients (including 
STEMI) who undergo PCI, whereas ticagrelor can be used 
in all ACS patients, regardless of management strategy (PCI, 
CABG or medically managed). 

 Despite their potency and speed of action, a recent small 
study in 50 STEMI patients (RAPID study),  14   demonstrated, 
somewhat surprisingly, that pre-hospital loading with ticagrelor 
and prasugrel produces insufficient platelet inhibition in nearly 
half of patients at 2 hours, with effective platelet inhibition 
only achieved at a mean of 3 hours for prasugrel and 5 hours 
for ticagrelor, partly due to the intestinal absorption-delaying 
effects of opioid analgesics. However, the ATLANTIC study 
found that administering ticagrelor in the pre-hospital 
setting was associated with a lower incidence of definite stent 
thrombosis compared with in-hospital administration and 
was as safe in terms of bleeding events.  15   On the basis of these 
data, administration of DAPT by ambulance crew ‘in the field’ 
should probably be encouraged. 

 Owing to increased bleeding risk observed in the pivotal trials, 
prasugrel is contraindicated in patients with a previous history 
of cerebrovascular disease and not recommended in patients 
75 years and over or weighing less than 60 kg. Furthermore, both 
prasugrel and ticagrelor are contraindicated in patients with 
previous intracranial haemorrhage. In patients unsuitable for 
either of these agents, a loading dose of clopidogrel at 600 mg can 
be used; although there is no direct evidence from randomised 
studies for this loading dose in PPCI, data from the OASIS-7 trial 
of 600 mg vs 300 mg clopidogrel loading dose in ACS patients 
suggested a significant reduction in the composite endpoint of 
cardiovascular death, myocardial infarction or stroke at 30 days, 
as well as in stent thrombosis, with the higher dose.  16   

 Given the clear lack of consensus, there is considerable 
variation in loading strategy: some centres (with short transfer 
times) may favour no preloading at all with a P2Y12 inhibitor, 
others administer clopidogrel pre-hospital to all with the 
option of subsequent switching after angiography or PPCI, 
and others still have opted for pre-hospital loading with one 
of the more potent agents, and clopidogrel only when these 
are contraindicated. Given the available data, all of these are 
reasonable therapeutic strategies.  

  PPCI: procedural considerations 

 As for DAPT choice and timing, there are controversies 
surrounding several procedural issues for PPCI, summarised in 
Table  1 . Perhaps the least contentious is the emergence of data 
establishing transradial access as superior to the transfemoral 
route in patients undergoing PPCI, with a lower risk of 
bleeding/vascular complications and reduced mortality.  17,18   The 
potential for further reduction in bleeding events in STEMI 
patients has resulted in considerable interest in the direct 
thrombin inhibitor bivalirudin as an alternative to heparin, 
either alone or when combined with glycoprotein IIb/IIIa 
inhibitors (GPI), which themselves have fallen out of favour 
except in cases with angiographic evidence of large thrombus 
burden. Bivalirudin use in other PCI settings has hinted at 
improved net patient outcomes given equipoise for ischaemic 
events and reduced bleeding. However, randomised trials 
comparing bivalirudin with unfractionated heparin have been 

  Table 1. Current contoversies in PPCI practice.  

Controversy Contention Studies for Studies against Notes 

Arterial access 

route?

Radial access reduces bleeding, 

mortality

RIVAL  17  , MATRIX  38  

Optimal procedural 

anticoagulant?

Bivalirudin reduces bleeding, 

mortality

HORIZONS-AMI  19  , 

BRIGHT  22  , MATRIX  18  

HEAT-PPCI Confusion regarding confounding 

effects of heparin dose, DAPT 

preloading.

Thrombectomy 

during PPCI?

Manual aspiration thrombectomy 

improves outcomes

TAPAS  39  TASTE  24  , 

TOTAL  40  

TAPAS underpowered; powered 

studies and meta-analyses show no 

benefit.

Culprit-only or 

multivessel PPCI?

PCI to all lesions improves 

outcomes

PRAMI  41  , CVLPRIT  29  Confounding by selection bias 

(multivessel PPCI only in ‘attractive’ 

lesions)

   DAPT = dual antiplatelet therapy; PPCI = primary percutaneous coronary intervention.   
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confounded by heterogeneity in trial design, including endpoint 
definitions (eg major bleeding), variation in anticoagulant 
doses, use of contemporary potent antiplatelet agents, access 
site choice, use of concomitant GPI and variation in use of 
post-procedure bivalirudin infusion.  18–22   In HORIZONS-AMI, 
EUROMAX, BRIGHT and MATRIX, bivalirudin was generally 
superior to unfractionated heparin in terms of reduced bleeding 
but was associated with higher rates of acute stent thrombosis 
in 3 out of the 4 studies. All studies used higher rates of GPI 
in the comparator heparin arm and some continued the 
bivalirudin infusion post-PPCI. The HEAT-PPCI trial was a 
randomised, controlled, open-label, single-centre UK trial that 
compared bivalirudin with heparin in truly contemporary 
PPCI practice (majority radial access, novel antiplatelet agents 
and only bailout GPI use) and did not use a post-procedure 
infusion. The occurrence of the composite primary endpoint, 
including re-infarction and all-cause mortality, was higher in 
the bivalirudin group as was the incidence of stent thrombosis. 
Furthermore, and most importantly, there was no difference 
in major bleeding between the groups, although the dose of 
heparin used was lower (average 70 IU/kg) in comparison with 
other trials. Overall, it is still unclear which anticoagulant is 
truly superior and use of other therapies may influence local 
choices: at present, both heparin alone and bivalirudin should 
be regarded as viable options.  

 Although initially showing hope for reduced need for potent 
anticoagulation,  23   the routine use of manual aspiration 
thrombectomy in PPCI has now been shown in two large-
scale trials (TASTE and TOTAL) not to result in any clinical 
benefits, and may even increase stroke risk, compared with 
conventional PCI.  24,25   

 Concerns over increased stent thrombosis rates with drug-
eluting stent use have not materialised, with newer generation 
drug-eluting stents being shown to be both safer and more 
efficacious than bare metal stents in the PPCI setting.  26   

 Finally, the debate over treatment of non-culprit ‘bystander’ 
lesions continues: 30–50% of STEMI patients have significant 
multivessel disease  27   and current guidelines advocate 
revascularisation of non-culprit lesions during the index PPCI 
procedure only in patients who are haemodynamically unstable, 
or have ongoing ischaemia despite successful culprit vessel 
PPCI.  7   However, recent studies (eg PRAMI and CVLPRIT) 
have rekindled this debate by demonstrating the safety and 
efficacy of a complete revascularisation strategy at the time of 
PPCI, although neither trial was sufficiently powered to detect 
a mortality benefit.  28,29   A recent meta-analysis has shown that 
complete revascularisation at the time of PPCI results in a 
reduction in major adverse cardiac events rates, largely driven by 
a decrease in repeat revascularisation, without firm evidence for 
a reduction in death or myocardial infarction.  30   Forthcoming 
studies, including COMPLETE, will inform this debate further. 

 Other avenues showing early promise in STEMI include 
deferred compared with immediate stenting following re-
establishment of flow in the culprit artery,  31   use of systemic 
hypothermia (COOL AMI pilot trial),  32   bone marrow-derived 
cell therapy (BAMI trial)  33   and ischaemic preconditioning.  34    

  Post-revascularisation care 

 All patients should initially be monitored on a coronary 
care unit,  7   and should receive secondary preventative 

therapies post-STEMI, including DAPT, beta blockers, 
angiotensin-converting-enzyme (ACE) inhibitors and high-
dose statin. Initiation of beta blockers and ACE inhibitors 
is recommended early (within 24 hours), unless there are 
specific contraindications. In patients with a left ventricular 
ejection fraction (LVEF) <40% and heart failure or diabetes, 
eplerenone is also recommended.  7   Smoking cessation advice 
should be given and all eligible patients should be offered an 
exercise-based cardiac rehabilitation programme. All patients 
should have transthoracic echocardiography to assess LV 
function. 

 The optimal duration of DAPT post-PPCI is debatable. 
Current European Society of Cardiology guidelines recommend 
12 months, although a shorter duration (<6 months) may 
also be safe.  35,36   Pending further data, it is reasonable to 
recommend shorter duration DAPT in high bleeding risk 
patients and extended DAPT in low bleeding risk patients 
with high ischaemic risk. In patients with an indication for 
oral anticoagulation (OAC), eg atrial fibrillation, guidelines 
recommend triple therapy (DAPT + OAC), but the optimal 
regimen remains unknown. Commonly, DAPT + OAC 
are given for 6 weeks, followed by OAC and antiplatelet 
monotherapy for life. The preferred P2Y12 blocker in patients 
requiring OAC is clopidogrel. 

 STEMI may be complicated by cardiogenic shock in 
approximately 6% of patients.  37   Such patients have a 
50% mortality rate and will require early, maximal 
revascularisation, inotropic support and possibly a mechanical 
assist device. Other recognised complications of STEMI 
include acute mitral regurgitation, ventricular rupture, 
tamponade, LV thrombus/aneurysm, pericarditis and 
arrhythmias. Patients with impaired LV function need repeat 
echocardiography at least 40 days post-STEMI to assess their 
eligibility for an implantable cardioverter-defibrillator. All 
patients with STEMI should undergo early and late (pre-
discharge) risk stratification using a validated model, such as 
TIMI or GRACE. Low-risk patients can be safely discharged 
72 hours post-PCI.  7   Current Driver and Vehicle Licensing 
Agency (DVLA) regulations prohibit driving for 1 week, 
provided no other urgent (<4 weeks) revascularisation is 
planned and LVEF is ≥40% prior to hospital discharge (for 
ordinary car or motorcycle licences). Follow-up should be 
arranged with a cardiologist for ongoing care in the outpatient 
setting.  

  Conclusions 

 Management of STEMI remains an area of intense debate and 
interest; despite multiple clinical trials, there are still many 
questions to be answered regarding several aspects of care 
from pre-hospital management to the PPCI procedure itself. 
What is certain is that the impressive mortality and morbidity 
reductions already associated with PPCI are only likely to be 
improved further by such developments. ■     
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