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REVIEW

Current and novel approaches to treat patients presenting with ST elevation
myocardial infarction
Massimo Mancone , Nicolas M van Mieghem, Felix Zijlstra and Roberto Diletti

Department of Interventional Cardiology, Thoraxcenter, Erasmus MC, Rotterdam, The Netherlands

ABSTRACT
Introduction: Primary percutaneous coronary intervention (PCI) represents the gold-standard treat-
ment for patients presenting with an ST-elevation myocardial infarction (STEMI). Acute myocardial
infarction is a complex clinical scenario, and an appropriate therapeutic approach could be represented
by a balanced integration between healthcare system and medical competence.
Areas covered: In this review we discuss how a primary PCI network, and the new therapeutic options
could be coupled in order to obtain improved clinical outcomes. The present report will focus on three
main issues related to STEMI patients, namely, out of hospital management, primary PCI and pharma-
cological treatment.
Expert commentary: A possible correct approach to a patient presenting a STEMI could be considered
as a stepwise process, given by 5 steps: reducing the time to reperfusion; dual antiplatelet administra-
tion; radial access; new generation drug eluting stent implantation; long term management.
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1. Introduction

Despite a recently reported reduction in the incidence of ST
elevation myocardial infarction (STEMI), probably due to some
effective preventive strategies [1], STEMI remains one of the
most important causes of morbidity and mortality in devel-
oped countries [1]. STEMI is due to an abrupt thrombotic
occlusion of a main epicardial coronary vessel and the main
clinical and therapeutic goal is represented by a prompt and
timely coronary reperfusion that could be summarized in a
‘rapid, radial, reperfusion’ (Figure 1).

In this setting, primary percutaneous coronary interven-
tion (PCI) is the gold standard treatment [2,3]. In patients
presenting with STEMI, the most effective way to reduce
mortality and morbidity is a short reperfusion time estab-
lished by a narrow interval between first medical contact
(FMC) and recanalization of the culprit lesion [2–6]. A reduc-
tion of door-to-balloon (D-to-B) time < 90 min could be of
minor relevance [7]. Menees et al. observed that a significant
reduction of average D-to-B time (from 83 to 67 min;
p < 0.001) did not impact in-hospital mortality in an observa-
tional registry of 96,738 STEMI patients (more than 80%
presented with a D-to-B time ≤ 90 min) treated with primary
PCI [8]. These observational results suggest STEMI as complex
clinical conundrum with early coronary revascularization as a
key element, even though not the only one relevant to
achieve an optimal treatment [2,3].

The aim of the present review is to summarize the recent
insights in out-of-hospital management, primary PCI, and
pharmacological treatment resulting in an effective primary
PCI network (Figure 1).

2. Out-of-hospital management and therapy

Primary PCI is the core treatment of patients with STEMI. A
rate of 600 primary PCI procedures per 1 million inhabitants is
considered to be the cutoff value to examine a STEMI network,
according to the international standard [9,10]. Anyway, large
disparities in reperfusion treatment still exist globally. In
Eastern Europe, USA, and China, an extensive number of
STEMI patients are not receiving any reperfusion therapy
[11,12]. Kristensen et al. observed a considerable variety in
primary PCI adoption in 37 European countries ranging from
23 to 884 primary PCI procedures per 1,000,000 inhabitants.
Conversely, thrombolysis rate was 100 per 1,000,000 inhabi-
tants, suggesting that primary PCI is the preferred revascular-
ization strategy in Europe [11].

Implementation of a primary PCI network is paramount to
realize timely reperfused STEMI [1,2]. Nevertheless also in
geographies with a well-performing primary PCI network,
STEMI patients not presenting to a hospital with on-site PCI
capacity will often not receive primary PCI within guidelines
suggested times [13]. In this setting, several pharmacological
strategies were proposed and tested in order to reduce the
total ischemia time and improve clinical outcomes. In the
‘Strategic Reperfusion Early after Myocardial Infarction
(STREAM) study,’ which enrolled 1892 STEMI patients who
presented within 3 h after symptom onset and unable to
undergo primary PCI within 1 h, Armostrong et al. demon-
strated that prehospital fibrinolysis coupled with timely cor-
onary angiography is as effective as primary angioplasty alone,
in terms of composite of death from any cause, shock, con-
gestive heart failure, or reinfarction within 30 days

CONTACT Roberto Diletti r.diletti@erasmusmc.nl Department of Cardiology, Thoraxcentre, room Ba-58, Erasmus University Medical Centre ‘s-Gravendijkwal
230, 3015 GE Rotterdam, The Netherlands

EXPERT REVIEW OF CARDIOVASCULAR THERAPY, 2016
VOL. 14, NO. 8, 895–904
http://dx.doi.org/10.1080/14779072.2016.1190642

© 2016 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

http://orcid.org/0000-0002-9602-0684
http://www.tandfonline.com


(fibrinolysis + primary PCI 116 [12.4%] vs. primary PCI 135
[14.3%] ; relative risk in the fibrinolysis group, 0.86; 95% con-
fidence interval [CI], 0.68–1.09; p = 0.21). This data demon-
strated, for the first time, that a reperfusion strategy through
prehospital fibrinolysis, combined with a timely coronary
angiography is effective in early-presenter STEMI who could
not be treated by primary PCI within 1 h after the FMC. The
main explanation of this result is attributable to a significant
reduction of overall reperfusion time (100 min in the fibrino-
lysis group vs. 178 min in the primary PCI group) and conse-
quently to a fall of the total ischemia time [14]. However, a
significant increase in intracranial hemorrhages in patients
treated with fibrinolysis (1.0% vs. 0.2%; p = 0.04), mainly in
patients >75 years of age, was observed.

In order to increase the benefits in terms of efficacy and to
reduce the risk of hemorrhagic events, different strategies
with prehospital administration of antiplatelet agents were
experienced [15]. The in-ambulance administration of direct-
acting platelet P2Y12 receptor antagonist was tested in the
‘Administration of Ticagrelor in the Cath Lab or in the
Ambulance for New ST Elevation Myocardial Infarction to
Open the Coronary Artery (ATLANTIC) study,’ an international,
multicenter, randomized, double-blind study that enrolled
1862 STEMI patients with chest pain duration ≥30 min but
≤6 h. Patients were randomized to prehospital (ambulance) or
in-hospital (catheterization laboratory) treatment with 180-mg
loading dose Ticagrelor, in addition to aspirin and standard
care. The ATLANTIC trial demonstrated that a prehospital
administration of Ticagrelor in the setting of primary PCI is
not associated with significant benefit in term of percentage
of patients with ST-segment elevation resolution >70% before
primary PCI (prehospital group 672 [86.8%] vs. in-hospital
group 722 [87.6%], 0.93; 95% CI: 0.69–1.25; p = 0.63), percen-
tage of patients with Thrombolysis in Myocardial Infarction
flow grade 3 in the infarct-related artery at initial coronary-
angiography (prehospital group 681 [82.6%] vs. 711 [83.1%]
in-hospital group, 0.97; 95% CI, 0.75–1.25; p = 0.82) and in
term of clinical composite secondary end points (death, myo-
cardial infarction [MI], stroke, urgent coronary

revascularization, or stent thrombosis) [16]. However, pre-
treated patients experienced less definite stent thrombosis
events, both at 24 h (prehospital group 0 [0%] vs. in-hospital
group 8 [0.8%], p = 0.008) and at 30 days (2 [0.2%] vs. 11
[1.2%], p = 0.02) [16]. It should be highlighted that in this trial,
the median time between the two loading doses (prehospital
group vs. in-hospital group) was only 31 min and with an
optimal average from randomization to angiography time of
48 min.

These data suggest that, in the out-of-hospital setting, the
best ‘therapy’ is the reduction of the time to reperfusion,
reasonably through an optimization of the primary PCI
networks.

Other strategies, such as prehospital thrombolysis, could be
considered as adjunctive to primary PCI, but they do not
represent an equally valid alternative. According to ESC guide-
lines, prehospital thrombolysis is justified in early presenting
patients with a large infarct and low bleeding risk with a
predictable time from FMC to balloon inflation greater than
90 min and in all patients with an expected time from FMC to
percutaneous reperfusion more than 120 min [3]. Finally, as
suggested by ESC guidelines, Class IIB Level of evidence B,
upstream use of a glycoprotein IIb/IIIa inhibitor should be
considered in high-risk STEMI patients undergoing transfer
for primary PCI [3].

3. Primary PCI

3.1. Access site

The large body of evidence produced in last 10 years regard-
ing the importance of an invasive coronary revascularization
associated with more powerful anti-aggregation and anticoa-
gulation, had markedly reduced mortality in STEMI patients,
nevertheless it was associated to an increased risk of bleeding
[3,17–19]. One of the most common sites of bleeding is the
femoral artery, if used as coronary angiography access. For this
reason, several attempts were carried out to reduce the risk of
access-site bleeding. One of the most investigated and

Figure 1. The rule of 3 R to treat patients presenting with ST elevation myocardial infarction.
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effective approaches was the shift from femoral to radial
access [20–24]. The Radial Versus Femoral Randomized
Investigation in ST-Elevation Acute Coronary Syndrome
(RIFLE-STEACS) study enrolled 1001 patients and compared
radial versus femoral in terms of 30-day incidence of net
adverse clinical events (NACE: cardiac death, MI, stroke, target
lesion revascularization, and non-coronary artery bypass graft
[non-CABG]-related bleeding) [17]. RIFLE-STEACS showed a
significant reduction of the primary end point (13.6% vs.
21.0%; 95% CI: 2.7–12.0%; p = 0.003), mainly due to a reduc-
tion of bleeding events (7.8% vs. 12.2%; 95% CI: 2.7–12.0%;
p = 0.026) and access site-related bleedings (2.6% vs. 6.8%;
95% CI: 1.6–7.0%; p = 0.002) in the radial group [17]. These
results were later confirmed by the STEMI treated by RADIAL
or femoral approach (STEMI-RADIAL) that reported a signifi-
cant reduction in terms of bleedings and access site complica-
tions with radial access [22]. In the ‘Radial versus femoral
access for coronary angiography and intervention in patients
with acute coronary syndromes (RIVAL)’ trial, 7021 acute cor-
onary syndrome patients were enrolled. No significant differ-
ence in term of primary end point (defined as composite of
death, MI, stroke, or non-CABG-related major bleeding at
30 days) between patients randomized to radial access or
femoral access was observed [23]. Nevertheless, the RIVAL
trail showed that in patients with STEMI, a prespecified sub-
group, radial artery access reduced the incidence of primary
outcome ([STEMI] 3.1% vs. [NSTEMI] 5.2%; HR: 0.60; p = 0.026)
and mortality ([STEMI] 1.4% vs. [NSTEMI] 3.1%; HR: 0.46;
p = 0.041) [24].

The recent Minimizing Adverse Hemorrhagic Events by
TRansradial Access Site and Systemic Implementation of
angioX (MATRIX Access), enrolling 8404 acute coronary syn-
drome patients (STEMI = 4010) allocated to radial access or
femoral access is the largest published randomized trial, pow-
ered to test the superiority of radial approach versus femoral
in term of two co-primary 30-day composite end points: major
adverse cardiovascular events [MACE]: all-cause mortality, MI,
or stroke; NACE: major bleeding not related to CABG surgery
(Bleeding Academic Research Consortium [BARC] type 3 or 5)
or MACE. The MATRIX trial demonstrated that radial approach
is superior to femoral access in terms of MACE (369 [8.8%] vs.
429 [10.3%]; 95% CI: 0.85 [0.74–0.99]; p = 0.0307) and NACE
(410 [9.8%] vs. 486 [11.7%]; 95% CI: 0.83 [0.73–0.96];
p = 0.00092), through a reduction BARC major bleeding unre-
lated to CABG surgery (66 [1.6%] vs. 94 [2.3%]; 95% CI: 0.68
[0.49–0.92]; p = 0.013) and all-cause mortality (66 [1.6%] vs. 91
[2.2%]; 95% CI: 0.72 [0.53–0.99]; p = 0.0450) [25]. These data
suggested that the radial approach, right or left, should be the
preferred vascular access during emergency PCI.

Recently, comparing a cohort of 10,137 consecutive
patients (from 2006 to 2008), where both radial access
(n = 4.663) and femoral access (n = 5.474) were performed
with a historical control cohort (from 1996 to 1998) where only
femoral access was used (n = 6.922), Azzalini et al. described a
significant increased rate of vascular access site complications
when femoral access is performed in the contemporary era
(adjusted rates: 4.19% vs. 1.98%; OR: 2.16; 95% CI: 1.67–2.81;
p < 0.001) [26]. These findings, known as ‘radial paradox,’
suggest the importance of femoral access and expertise in

femoral access should be preserved also in the radial era.
Femoral access maintains a central role especially in patients
presenting in cardiogenic shock, where it can be difficult to
obtain access and circulatory support is needed.

3.2. Manual thrombectomy

In order to improve microvascular reperfusion avoiding the
no-reflow phenomenon during primary PCI, several attempts
were performed. The incidence of no-reflow ranges from 5%
to 20% and is associated with worse clinical outcomes [27,28].
An optimal epicardial and myocardial reperfusion represents a
primary aim of primary PCI, being related to late remodeling
and long-term outcomes [29]. Distal embolization during pri-
mary PCI is a fearsome event and represents the major
mechanism for impaired myocardial reperfusion, mechanical
capillary obstruction, endothelial dysfunction, and
inflammation.

Microvascular impairment strongly correlates with a poor
long-term prognosis [30]. In order to limit microvascular
impairment, mechanical and pharmacologic approaches have
been matched to conventional primary PCI. Stone et al.
showed that the infusion of 0.25 mg/kg bolus of abciximab
at the site of the infarct lesion via a drug delivery balloon
catheter in patients presenting with large anterior STEMI is
associated to a reduction of 30 days infarct size [31]. In this
setting, several thrombectomy devices, manual or mechanical,
were tested to prevent distal embolization and microvascular
impairment [32,33]. In particular, during primary PCI, manual
thrombectomy is associated to a better myocardial reperfu-
sion, a reduction of distal embolization and microvascular
impairment [33–39] that could theoretically translate into an
improved long-term survival [39,40]. The Thrombus Aspiration
during Percutaneous coronary intervention in Acute myocar-
dial infarction Study (TAPAS) trial was designed in order to
assess the superiority of manual aspiration thrombectomy
during primary PCI, compared with standard PCI, in terms of
the primary end point defined as the post-procedural fre-
quency of a myocardial blush grade of 0 or 1 [36]. In the
TAPAS trial, a histopathological examination of the aspirated
material confirmed the efficacy manual thrombectomy. The
TAPAS trial reported manual aspiration to be associated with
a better myocardial reperfusion, when considering myocardial
blush grade 0 or 1 (84 [17.1%] vs. 129 [26.3%]; 95% CI: 0.65
[0.51–0.83]; p < 0.001); and ST-segment resolution (275 [56.6%]
vs. 219 [44.2%]; 95% CI: 1.28 [1.13–1.45]; p < 0.001) [36].

The optimal reperfusion achieved with the manual aspiration
was followed by a 1 year clinical benefit with a reduction of
cardiac death (19 [3.6%] vs. 36 [6.7%]; 95% CI: 1.93 [1.11–3.37];
p = 0.020) and the composite of cardiac death or nonfatal
reinfarction (30 [5.6%] vs. 53 [9.9%]; 95% CI: 1.81 [1.16–2.84];
p = 0.020) [40]. These results were acknowledged by guidelines
giving recommendation II level A: ‘manual aspiration thrombect-
omy is reasonable for patients undergoing primary PCI’ [2].

Nevertheless, two recent trials, the Thrombus Aspiration in
ST-Elevation Myocardial Infarction in Scandinavia (TASTE) trial
and the ‘The Trial of Routine Aspiration Thrombectomy with
PCI versus PCI Alone in Patients with STEMI (TOTAL)’ [41–44],
showed no benefits in terms of clinical outcomes of thrombus
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aspiration during primary PCI, despite manual thrombectomy
was associated to an improvement of ST resolution and a
reduced distal embolization [41–44]. As consequence of this
large randomized trial, ACC/AHA/SCAI guidelines reported
that the ‘usefulness of selective and bailout aspiration throm-
bectomy in patients undergoing primary PCI is not well estab-
lished (Class II; level of evidence B)’ and the routine use of
manual aspiration during primary PCI is not useful (Class III;
level of evidence A) [2].

Finally, in order to reduce the incidence and to treat no-
reflow phenomenon, several attempts have been tested using
intracoronary adenosine; however, still conflicting data were
obtained [3].

3.3. Stent type

Several published data demonstrated that drug-eluting stents
(DES) are superior to bare-metal stents (BMS) in terms of target
vessel revascularization in the setting of STEMI [45].

However, concerns about the safety of first-generation DES
in terms of stent thrombosis mainly in STEMI patients were
raised [46,47].

Second-generation DES were designed to achieve efficacy
and long-term safety, mainly reducing stent thrombosis [48].
Using a network metanalysis methodology, Palmerini et al.
demonstrated that cobalt–chromium everolimus-eluting
stent (CoCr-EES) is superior to BMS in efficacy and safety. If
compared to BMS, CoCr-EES reduces the incidence of 1-year
and 2-year definite stent thrombosis [48]. Moreover, the great
efficacy and safety of CoCr-EES was also confirmed in STEMI
setting, compared to BMS, with a significant lower risk of 1-
year cardiac death/MI, and stent thrombosis [49].

The Comparison of Biolimus Eluted From an Erodible
Stent Coating With Bare-Metal Stents in Acute ST-
Elevation Myocardial Infarction ‘COMFORTABLE AMI’ trial,
in which 1161 randomized STEMI patients were enrolled
to receive either BMS or to biolimus-eluting stents (BES)
with a biodegradable polymer, showed a significant lower
rate of the composite primary end point (cardiac death,
target-vessel MI, and target-lesion revascularization; 4.3%
vs. 8.7%; HR 0.49; 95% CI: 0.30–0.80; p = 0.004) in the BES
group [49]. These results positively clarified the role of new-
generation DES during primary PCI, rising to class IA recom-
mendation in ESC guidelines on myocardial revasculariza-
tion [50].

Recently, fully bioresorbable scaffolds were tested in STEMI
patients [51]. The non-inferiority randomized ABSORB-STEMI
TROFI II trial was designed to compare arterial healing
response between the Absorb BVS and the metallic EES in
STEMI [52]. The authors hypothesized that the use of biore-
sorbable vascular scaffolds could be associated with recovery
of coronary vessel physiology reducing the incidence of late
events [53] and plaque stabilization due to the formation of a
neo-cap on the unstable plaque [54].

The TROFI II trial showed an arterial healing after Absorb
BVS implantation non-inferior to CoCr-EES in STEMI patients.
No significant differences were observed also in clinical sec-
ondary end points, confirming previous observational results
[52–55].

3.4. Type of revascularization: complete versus
incomplete

In the setting of primary PCI, almost 50% of STEMI patients
show a multivessel disease. The aim of the primary PCI is to
treat the culprit lesion and restore a normal myocardial perfu-
sion. Three different revascularization strategies could be
adopted in order to treat non-culprit lesions: (1) Culprit artery
– only primary PCI. PCI of non-culprit arteries only for sponta-
neous ischemia or intermediate- or high-risk findings on predis-
charge noninvasive testing; (2) Multivessel PCI at the time of
primary PCI; and (3) culprit artery – only primary PCI followed by
staged PCI of non-culprit arteries [3].

Previous guidelines strongly suggested to treat only the
culprit lesion in the setting of primary PCI and to differ the
non-culprit lesions to a second ischemia-driven procedure.
Patients presenting with cardiogenic shock and multivessel
critical coronary artery disease represent the only exception
where complete coronary revascularization is justified [3].
Recently, the Preventive Angioplasty in Acute Myocardial
Infarction (PRAMI) trial has tested the hypothesis that a com-
plete coronary revascularization at the time of primary PCI is
superior to a culprit lesion-only primary PCI. The PRAMI trial,
enrolling 465 STEMI patients, observed that a complete cor-
onary revascularization at the time of primary PCI is superior
to a culprit only strategy with regard of the composite primary
end point (cardiac death, nonfatal MI, or refractory angina; [21
pts (9%) vs. 53 pts (22%); HR: 0.35; 95% CI: 0.21–0.58;
p < 0.001]) [56]. Similarly, the CvLPRIT (Complete Versus
Culprit-Lesion Only Primary PCI) trial showed that a complete
coronary revascularization during index hospitalization is
superior to a culprit only strategy in terms of the composite
primary end point (death, reinfarction, heart failure, and ische-
mia-driven revascularization at 12 months) [57].

These results were confirmed by the DANAMI 3 PRIMULTI
(Third Danish Study of Optimal Acute Treatment of Patients
with ST-segment Elevation Myocardial Infarction) trial report-
ing a complete coronary revascularization, guided by frac-
tional flow reserve to be superior (primary end point
composite of death, nonfatal MI or ischemia-driven revascular-
ization of non-culprit artery disease) to the culprit only revas-
cularization strategy (13% vs. 22%; HR: 0.56; 95% CI: 0.38–0.83;
p = 0.004) [58]. These evidences were recognized by guide-
lines that for the first time suggested: ‘PCI of a non-infarct
artery may be considered in selected patients with STEMI and
multivessel disease who are hemodynamically stable, either at
the time of primary PCI or as a planned staged procedure
(Class IIb)’ [2].

4. Pharmacological treatment

4.1. Antiplatelet therapy

Dual antiplatelet therapy, aspirin plus P2Y12 receptor inhibi-
tors, represents the gold standard in the setting of primary
PCI. The Study of Platelet Inhibition and Patient Outcomes
(PLATO) trial, conducted in ACS with or without ST elevation
patients, showed that Ticagrelor as compared with
Clopidogrel is associated to a reduction of death from vascular
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causes (4.0% vs. 5.1%; p = 0.001) and MI (5.8% vs. 6.9%;
p = 0.005) without increasing the rate of overall major bleed-
ing but with an increase of non-CABG-related major bleeding
(4.5% vs. 3.8%; p = 0.03) [59]. In patients presenting with an
acute coronary syndrome and planned percutaneous coronary
revascularization, the Trial to assess Improvement in
Therapeutic Outcomes by optimizing platelet inhibition with
Prasugrel – Thrombolysis In Myocardial Infarction (TRITON-
TIMI 38) trial demonstrated the superiority of Prasugrel respect
to Clopidogrel in terms of primary composite end point
(defined as rate of: death from cardiovascular causes, nonfatal
MI, or nonfatal stroke; 9.9% vs. 12.1%; p < 0.001). However, an
increased risk of major bleeding (2.4% vs. 1.8%; p = 0.003),
CABG-related TIMI major bleeding (13.4% vs. 3.2%; p < 0.001)
and fatal bleeding (0.4% vs. 0.1%; p = 0.002) was observed
[60]. Ticagrelor and Prasugrel, as compared to Clopidogrel,
have a more powerful antiplatelet effect, with a faster and
strongest platelet inhibition. The great efficacy of these two
drugs respect to Clopidogrel, in terms of ischemic events
reduction, is partially balanced by an increased risk of bleed-
ings, which is mainly evident for Prasugrel.

According to European guidelines, in the setting of STEMI,
the use of Ticagrelor or Prasugrel should be preferred to
Clopidogrel: ‘dual antiplatelet therapy with a combination of
aspirin and prasugrel or aspirin and ticagrelor is recom-
mended (over aspirin and clopidogrel) in patients treated
with PCI (Class I level A)’ [3].

A substudy of PLATO trial evaluating the effect of Ticagrelor
in STEMI patients undergoing primary PCI demonstrated no
significant difference with respect of clinical events between
Ticagrelor and Clopidogrel (composite of death from vascular
causes, MI, or stroke; Ticagrelor 7.9% vs. Clopidogrel 8.6%; 95%
CI: 0.91 [0.75–1.12]; p = 0.38). However, a significant reduction
of definite stent thrombosis (HR 0.58, 95% CI: 0.37–0.89;
p = 0.013) was observed. Moreover, this clinical benefit was
not associated to an increased risk of bleeding events
(Ticagrelor 6.7% vs. Clopidogrel 6.8%; 95% CI: 0.97 [0.77–
1.22]; p = 0.79) [61].

The prespecified STEMI substudy of the TRITON-TIMI 38
STEMI patients were divided according to time symptoms
onset: those enrolled within 12 h (primary PCI); and [2] those
others enrolled between 12 h and 14 days (secondary PCI).
Prasugrel demonstrated superiority to Clopidogrel (primary
end point defined as the composite of cardiovascular death,
nonfatal MI, or nonfatal stroke) in the overall cohort
(Clopidogrel 166 [9.5%] vs. Prasugrel 115 [6.5%]; 95% CI: 0.68
[0.54–0.87]; p = 0.0017) and in the secondary PCI (Clopidogrel
65 [12.3%] vs. Prasugrel 36 [6.4%]; 95% CI: 0.50 [0.34–0.76];
p = 0.0008) [62]. However, Prasugrel showed no benefits in
STEMI patients treated with primary-PCI in terms of primary
end point (Clopidogrel 101 [8.2%] vs. Prasugrel 79 [6.6%]; 95%
CI: 0.80 [0.60–1.08]; p = NS) and TIMI major bleeding unrelated
to CABG surgery.

The two substudy of the TRITON-TIMI 38 and PLATO trials
showed that the use of Prasugrel as well as of Ticagrelor is not
associated to a clear benefit in setting of primary PCI [61,62].

In acute coronary syndrome patients, an important issue of
ongoing debate is the need for P2Y12 receptor inhibitors
pretreatment at the time of diagnosis.

The ACCOAST (the Comparison of Prasugrel at the Time of
Percutaneous Coronary Intervention [PCI] or as Pretreatment
at the Time of Diagnosis in Patients with Non-ST Elevation
Myocardial Infarction) trial, that randomized 4033 non-STEMI
patients to a pretreatment group (Prasugrel 30-mg loading
dose before the angiography and additional 30 mg of
Prasugrel at the time of PCI) or to control group (placebo
before the angiography and 60 mg of Prasugrel at the time
of PCI), is the only trial designed in order to evaluate the
superiority of pretreatment as compared with no pretreatment
in this clinical scenario. ACCOAST failed to show any benefit
for a pretreatment approach with Prasugrel in terms of major
ischemic events up to 30 days. Moreover, ACCOAST showed
that pretreatment, as compared with control group, is asso-
ciated to an increased rate of bleeding events suggesting that
this strategy could be harmful [63].

Regarding STEMI patients undergoing to primary PCI, to
avoid the issue between pretreatment or no pretreatment,
two recent trials demonstrated that crushed pills (Ticagrelor
or Prasugrel), as compared with whole tablets, maximize and
speed antiplatelet effect during primary PCI limiting the need
for pretreatment [64–66].

In order to explore the potential benefits of dual antipla-
telet therapy beyond 1 year after a MI, in this subgroup the
Prevention of Cardiovascular Events in Patients with Prior
Heart Attack Using Ticagrelor Compared to Placebo on a
Background of Aspirin – Thrombolysis in Myocardial
Infarction 54 (PEGASUS-TIMI 54) trial was designed. The
PEGASUS-TIMI 54 enrolled 21,162 patients with a former (1
and 3 years earlier) MI diagnosis and randomized patients to
three arms: aspirin and Ticagrelor at a dose of 90 mg twice
daily; aspirin and Ticagrelor at a dose of 60 mg twice daily;
aspirin and placebo. The aim of the PEGASUS-TIMI 54 was to
assess the superiority of Ticagrelor in terms of composite
primary efficacy, end point defined as the occurrence of
cardiovascular death, MI, or stroke. Compared to placebo,
Ticagrelor at any dosage was more effective in terms of the
primary end point reduction; nevertheless, major rates of
TIMI major bleeding were observed on the Ticagrelor
group [67].

Cangrelor is an intravenous reversible P2Y12 inhibitor and
has been recently approved in Europe and USA to reduce
ischemic events in patients not pretreated with an oral
P2Y12 inhibitor and undergoing PCI. In literature, several
important studies were published about the clinical effects
of Cangrelor [67–73]. In particular, the Cangrelor versus
Standard Therapy to Achieve Optimal Management of
Platelet Inhibition (CHAMPION) PHOENIX enrolling 11,145
patients undergoing PCI (Stable angina: 6.140 [55.1%]; Non-
STEMI:2.810 [25.2%]; STEMI: 1.992 [17.9%]) demonstrated that
Cangrelor is reducing the composite of death, MI, ischemia-
driven revascularization, or stent thrombosis at 48 h compared
with Clopidogrel (Cangrelor 4.7% vs. Clopidogrel 5.9%; 95% CI:
0.78 [0.66–0.93]; p = 0.005) and the rate of stent thrombosis
Stent thrombosis (Cangrelor 0.8% vs. Clopidogrel 1.4%; 95%
CI: 0.62 [0.43–0.90]; p = 0.01). The effect of Cangrelor was
analogous among patients presenting with STEMI, NSTEMI,
and those presenting with stable angina [71]. No safety issues
were raised.
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The use of GP IIb/IIIa inhibitors is not routinely recom-
mended, European guidelines propose bailout use of GP IIb/
IIIa inhibitors if a visible thrombus is present in the basal
angiogram with Class II and level of evidence A. Upstream
use of a GP IIb/IIIa inhibitor may be considered in patients
presenting a high-risk profile, who should be transferred in a
primary PCI capable center [3].

4.2. Anticoagulants

As suggested by guidelines, intravenous anticoagulants
should be administered during primary PCI [3]. Anticoagulant
options for primary PCI include unfractionated heparin, enox-
aparin, and bivalirudin. In the last years, several trials tested
the role of bivalirudin in the setting of acute coronary syn-
drome and in particular during primary PCI [74–78]. The
Harmonizing Outcomes with RevascularIZatiON and Stents in
Acute Myocardial (HORIZONS-AMI) trial randomized 3.602 ST-
segment elevation MI patients undergoing to primary PCI to
heparin plus a glycoprotein IIb/IIIa inhibitor or to bivalirudin
alone. The HORIZONS-AMI presented two prespecified primary
30-day end points: major bleeding (not related to coronary
artery bypass grafting); combined adverse clinical events,
defined as the combination of major bleeding or a composite
of MACE, including death, reinfarction, target vessel revascu-
larization for ischemia, and stroke [75]. This trial demonstrated
that the use of bivalirudin was associated with a reduction of
NACE and major bleedings, as compared to heparin plus
glycoprotein IIb/IIIa inhibitor.

In this setting, the MATRIX trial was designed to test the
superiority of bivalirudin to heparin plus discretionary use of
glycoprotein IIb/IIIa inhibitors in term of two co-primary 30-
day composite clinical outcomes (MACE: all-cause mortality,
MI, or stroke; NACE: major bleeding not related to CABG
surgery (BARC type 3 or 5) or MACE [77,78].

The study at variance of the HORIZONS-AMI demonstrated
that bivalirudin is associated with no benefit when considering
the rate of MACE respect to heparin (Bivalirudin group, 10.3%
vs. heparin group 10.9%; 95% CI: 0.94 [0.81–1.09]; p = 0.44)
and of NACE (Bivalirudin group 11.2% and heparin group
12.4%; 95% CI: 0.89 [0.78–1.03]; p = 0.12).

These data seem to state that the heparin represents the
ideal anticoagulant in patients who underwent to percuta-
neous revascularization.

5. Intra-aortic balloon counterpulsation and STEMI

The use of intra-aortic balloon counterpulsation (IABP) in the
setting of STEMI was recently debated, two important trials
failed to show any benefits of IABP usage in STEMI patients
[79–82]. The Counterpulsation to Reduce Infarct Size Pre-PCI
Acute Myocardial Infarction ‘CRISP AMI’ trial, that enrolled
337 patients with acute anterior STEMI without cardiogenic
shock, failed to demonstrate the hypothesis that the use of
IABP was associated to a reduction of infarct-size to cardiac
magnetic resonance imaging [79]. In a substudy of the CRISP
AMI trial, the authors observed that the use of IABP, in large
anterior MI complicated by persistent ischemia after PCI, is
associated with a decreased 6-month mortality [80]. The

IABP-SHOCK II trial, that randomized 600 patients with car-
diogenic shock complicating acute MI to IABP (n = 301) or
no IABP (n = 299 patients), failed to demonstrate that the
use of IABP is associated in a reduction of 30-day and 1-year
mortality [81,82]. ‘The IMPella versus IABP REduceS infarct
Size IN STEMI patients treated with primary PCI’ (IMPRESS in
STEMI) trial compared IABP and Impella 2.5 in patients pre-
senting with STEMI and cardiogenic pre-shock, undergoing
to primary PCI. Due to a slow patient enrollment, the study
was stopped prematurely [83]. The IMPRESS in STEMI trial
confirms the difficulties to conduct trial in the setting of
cardiogenic shock [83]. New devices are developing in
order to reduce the time of positioning. In this setting, the
new generation of PulseCath iVAC 2L left ventricular assist
device, a percutaneous transfemoral membrane pump con-
nected to a IABP console and able to generate a pulsatile
blood flow up to 2 L/min, seems extremely promising [84].
Ultimately, it is important to underline the importance of
IABP in stabilizing patients with mechanical complications
after STEMI, such as acute mitral valve regurgitation or
ventricular septal rupture, waiting for surgery or percuta-
neous treatments [3].

6. STEMI and atrial fibrillation

Special considerations should be made for patients presenting
with STEMI and non-valvular atrial fibrillation. In patients with
MI, atrial fibrillation is common and is associated to impaired
prognosis [85]. Between January 2000 and December 2009,
among 155,071 patients survived to MI and enrolled in the
Swedish Web-system for Enhancement and Development of
Evidence-based care in Heart disease Evaluated According to
Recommended Therapies register (SWEDEHEART), Batra et al.
reported an atrial fibrillation incidence of 15.5%. In this setting,
the main clinical issue is represented by the needs of antic-
oagulation and dual-antiplatelet therapies after primary PCI.

According to guidelines: new oral anticoagulants are indi-
cated as first-line therapy in atrial fibrillation patients need-
ing anticoagulation [86]; new generation DES should be
preferred over BMS [50]; Prasugrel and Ticagrelor in associa-
tion with oral anticoagulation should be avoided until solid
data will be published [87]. Dual antiplatelet therapy (aspirin
plus Clopidogrel) plus oral anticoagulation (new oral antic-
oagulants or vitamin K antagonists), known as triple therapy,
is recommended in patients with atrial fibrillation needing
anticoagulation and coronary stent implantation. Triple ther-
apy is associated to an increased risk of bleeding; conse-
quently, this therapeutic regimen should be adjusted
according to patient’s bleeding risk. HAS-BLED risk score
[hypertension, abnormal renal and liver function (1 point
each), stroke, bleeding history or predisposition, labile INR,
elderly (>65 years), drugs and alcohol (1 point each)] is crucial
in order to plan the duration of triple therapy. In patients
with HAS-BLED ≤ 2, triple therapy is recommended for
6 months followed by a dual therapy (anticoagulation and
aspirin or Clopidogrel) until 12 months and, then, by mono-
therapy with oral anticoagulant. In patients with HAS-
BLED ≥ 2, triple therapy is recommended for 1 month fol-
lowed by a dual therapy (anticoagulation and aspirin or
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Clopidogrel) until 12 months and, then, by monotherapy
with oral anticoagulant [87]. Nowadays, several ongoing
clinical trials are evaluating the safety and the efficacy of
new oral anticoagulants in patients with atrial fibrillation
undergoing PCI needing antiplatelet therapy [88–90].

7. Expert commentary

A possible correct approach to a patient presenting a STEMI
could be considered as a stepwise process, given in five steps
(Figure 2):

The first step is of paramount importance and it aims at
reducing the time to reperfusion. It is characterized by an
integration of health care system, availability of reperfusion
strategies and primary PCI. Without the first step, all the other
parts of the treatment of a STEMI patient are absolutely sec-
ondary. In this step, the health-care system could foresee
coupled reperfusion strategies such as prehospital fibrinolysis
in order to reduce the time of reperfusion.

The second step is characterized by administration of antipla-
telet therapies; Ticagrelor or Prasugrel should be the preferred
ones. The data are not definitive in the setting if the STEMI,
nevertheless the evidence of a benefit of these two P2Y12
receptor inhibitors in acute coronary syndrome is unequivocal.

The third important moment is the choice of the arterial
access for coronary intervention, recent evidences strongly
support that a radial approach in the majority of the cases,
reduces bleeding complications.

The fourth step is characterized by the primary PCI proce-
dure, and by the two major aspects recently investigated,
namely the adoption of new generation of DES that appear
to be safe and effective; there is an open discussion on the
appropriateness of manual thrombectomy that should be
probably not performed routinely but reserved to selected
patients with evidence of large thrombus.

Fifth, novel medical strategies comprising long-term dual
antiplatelet therapy could be considered after the acute phase
in low bleeding risk patients.

8. Five-year view

The research over the next years in the setting of STEMI
patients will be probably focused on several topics comprising
the role of novel devices such as bioresorbable vascular scaf-
fold during primary PCI, the role of novel antiplatelet agents (i.
e. Cangrelor) in clinical practice and the impact of new oral
anticoagulants in STEMI patients, presenting comorbidity
requiring long-term anticoagulation such as atrial fibrillation,
ventricular apical thrombus, or mechanical valves.

The management of the possible MI complications, like cardio-
genic shock, acute mitral regurgitation, and ventricular remodel-
ing, represents additional fields of increasing scientific interest.

Key issues

● Primary PCI is the gold standard revascularization strategy
in patients presenting with ST elevation myocardial
infarction.

● The presence of an effective health care system is the key of
revascularization strategy in STEMI patients in order to
obtain excellent results in terms of clinical outcomes.

● The reduction of total ischemia time is the main goal of
primary PCI network.

● The Primary PCI is a complex procedure and represents the
mix of operator’s technical skills and culture.

● New-generation of drug eluting stents, thanks to the their
efficacy and safety, raised a recommendation of Class I level
of evidence A and represent the ideal implantable stents.

● Complete coronary revascularization is attractive and
should be completed during index hospitalization.
Intermediate coronary non-culprit lesions should be func-
tionally evaluated.

● DAPT aspirin plus Prasugrel or Ticagrelor is mandatory in
STEMI patients. Clopidogrel should be reserved only to
patients with contraindication to Ticagrelor or Prasugrel.

● Heparin represents the standard of treatment in STEMI
patients.
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