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ST-segment elevation myocardial infarction (STEMI) represents the most urgent condition for patients with coronary artery
disease. Prompt diagnosis and therapy, mainly with primary angioplasty using stents, are important in improving not only acute
survival but also long-term prognosis. Recent advances in angioplasty devices, including manual aspiration catheters and drug-
eluting stents, and pharmacologic therapy, such as potent antiplatelet and anticoagulant agents, have signi�cantly enhanced the
acute outcome for these patients. Continuing efforts to educate the public and to decrease the door-to-balloon time are essential to
further improve the outcome for these high-risk patients. Future research to normalize the le ventricular function by autologous
stem cell therapy may also contribute to the quality of life and longevity of the patients surviving STEMI.

1. Introduction

ST-segment elevation myocardial infarction (STEMI)
accounts for approximately 30–45% of an estimated 1.5
million hospitalizations for acute coronary syndromes
annually in the USA [1]. STEMI results primarily from
sudden-onset plaque rupture and complete occlusion of a
coronary artery [2]. erefore, STEMI represents the most
severe form of acute coronary syndromes and requires
immediate therapy. ere have been many recent advances
in the treatment of STEMI, ranging from pharmacologic to
device therapy. ese advances have resulted in improved
outcomes for the patients experiencing STEMI [3, 4]. In-
hospital mortality from STEMI decreased steadily in the
USA in all groups between 1997 and 2006, except for men
<55 years of age [4]. us, there is still much more work to
be done, especially the prevention of its occurrence in young
men due to the unpredictable timing and relatively high
risk of sudden death [5]. In addition, complete myocardial
perfusion to improve le ventricular function and survival
is essential but may not be achieved in many patients due to
multifactorial reasons [6–12] and needs continued research
for better long-term outcome.

2. Reperfusion Therapies

e most important therapy for STEMI patients is the
prompt reestablishment of antegrade �ow.e earlier and the
more complete the reperfusion, the greater the myocardial
salvage and preservation of le ventricular function, themost
important prognostic factor for long-term survival. ere
are pharmacologic and mechanical reperfusion therapies.
Randomized trials have conclusively established primary
angioplasty with stents as the optimal therapy for these
patients, as primary percutaneous coronary intervention
(PCI) provides >90%TIMI 3 �ow in the infarct-related vessel
compared with only approximately 50% with thrombolytic
therapy, thereby improving myocardial salvage and survival,
as well as preventing recurrent ischemia and reinfarction
by de�nitively treating the severe stenosis that can result
even aer a successful thrombolysis [13]. Needless to say,
primary PCI should be performed at centers with high
volumes by experienced interventional cardiologists. e
National Registry of Myocardial Infarction (NRMI) showed
that mortality was signi�cantly reduced at hospitals with
greater monthly primary PCI procedures versus the lower
volume centers [14]. Subsequent NRMI-2 and NRMI-3
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registries con�rmed the importance of high PCI volumes
as an important predictor of mortality bene�t compared
with thrombolytic therapy, which was not seen at low-
volume primary PCI hospitals [15]. In addition to the
hospital volume, annual individual primary PCI volume
was found to correlate signi�cantly with in-hospital survival
following primary PCI [16]. When these requirements are
met, primary PCI reduced mortality by 25%, reinfarction by
64%, intracranial hemorrhage by 95%, and stroke by 53%
versus thrombolytic therapy. Door-to-balloon (D2B) time for
primary angioplasty has been shown to be very important
in salvaging ischemic myocardium and improving survival
[17].Metaregression analysis of 20 summary data points from
the randomized comparative trials between primary PCI and
thrombolytic therapy showed that D2B time of >90 minutes
could eliminate the mortality bene�t of primary PCI versus
thrombolytic therapy, suggesting the importance of achieving
as rapid aD2B time as possible, with recommendedD2B time
<90 minutes [18]. ere are many potential ways to improve
the D2B time. ese strategies have included emergency
medicine physicians activating the catheterization laboratory
(mean reduction of 8minutes), having a single call to a central
page operator activating the catheterization laboratory (mean
reduction of 14 minutes), activating the catheterization labo-
ratory while the patient is being transported to the hospital
(mean reduction of 15 minutes), expecting catheterization
laboratory staff to arrive within 20 minutes aer being paged
(mean reduction of 19 minutes versus aer 30 minutes),
having an interventional cardiologist staying in the hospital
(mean reduction of 15 minutes), and having the emergency
department and the catheterization laboratory using real-
time data feedback (mean reduction of 9 minutes) [19].
Another important aspect of these efforts to reduce D2B time
is the commitment by the hospital administration to provide
the support necessary for the implementation. In addition,
close collaboration among the catheterization laboratory
personnel, including the nursing staff, coronary care unit per-
sonnel, and the emergency room staff, is extremely important
for the successful execution of these efforts. Adoption of these
strategies can thus result in a signi�cant reduction in D2B
time, with anticipated improvement in clinical outcomes. A
recent analysis of the Medicare patients showed a signi�cant
reduction in the median time to primary PCI from 96
minutes in 2005 to 64 minutes in 2010, and the majority
(91.4%) with D2B time <90 minutes in 2010 versus 44.2% in
2005 [20]. Recent large-scale studies suggest that, for patients
with STEMI presenting initially to hospitals without PCI
capability, longer D2B times up to 120 minutes could provide
excellent outcomes despite not receiving thrombolytic ther-
apy at the non-PCI facility and undergo interhospital transfer
to nearby PCI centers for primary PCI, although the goal
should always be to minimize the D2B time [21–26].

Unfortunately the majority of patients with STEMI can-
not be treated with primary PCI due to the unavailability of
PCI-capable hospitals in remote areas. It is estimated that
primary PCI is available in<25% of hospitals in theUSA [27].
On the other hand, nearly 80% of the US adult population
lives within 1-hour drive of a PCI center [28]. erefore,
innovative ways to facilitate STEMI patient care at PCI

centers could dramatically increase the number of patients
treated with the preferred therapy of primary PCI. ere
have been several system-wide approaches to increase the
number of patients treatedwith primary PCI [24, 29, 30]. One
approach is the bypass model, which relies on prehospital
ECG diagnosis of STEMI usually by the ambulance crew
and supervised by physicians and transports the patient
to the nearest PCI centers by bypassing closer non-PCI
centers [29]. e Boston EMS Bypass STEMI Triage Plan
and Treatment Registry is a prime example, although there
are other cities with similar protocols more recently. e
establishment of such a citywide STEMI treatment plan relies
on the cooperation among the involved hospitals, especially
the non-PCI centers, and standards as well as uniform data
collection and outcomes monitoring. Although there may
be false positive readings of the ECG, this approach does
decrease the contact to balloon time [29]. Second approach
is the transfer model, in which patients presenting to non-
PCI centers are promptly triaged and transferred to the PCI
centers using established protocols and integrated hospital
systems [24]. e prototype of this transfer model is the
Minneapolis Heart Institute’s regional system, where 30
hospitals up to 210-mile radius from a PCI center used
a standardized PCI-based treatment protocol for STEMI
patients. Despite the logistic di�culties, the medial �rst D2B
time for 60 to 210 miles was still 120 minutes, and the in-
hospital mortality was 4.2% despite many high-risk patients
[24].e third possibility is to allow primary PCI in hospitals
without onsite surgery [30], as studied in the C-PORT (e
Atlantic Cardiovascular Patient Outcomes Research Team)
trial [31].e latter trial despite being underpowered showed
that, following an appropriate training program, primary PCI
without onsite surgery can be achievedwith a shorter hospital
stay (4.5 versus 6.0 days; 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) and reduced composite
clinical endpoint of death, reinfarction, or stroke up to 6
months (12.4% versus 19.9%; 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) versus thrombolytic
therapy. Importantly, no emergency coronary artery bypass
surgery was required for PCI-related complications. With the
availability of stents to treat dissections effectively tomaintain
vessel patency and potent pharmacologic regimen even for
thrombus burden, currently primary PCI is rarely associated
with emergencies. Obviously, these centers without on-site
cardiac surgery should have a working relationship with a
tertiary center for emergency transfer should the patients
experience complications not corrected by the interventional
and pharmacologic therapies.

But when these measures cannot guarantee acceptable
D2B time or if there are no nearby PCI centers with high PCI
volume or experienced interventional cardiologists, throm-
bolytic therapy despite its shortcomings is the preferred
initial therapy, as some form of reperfusion therapy is more
important than not providing any [32]. In addition, recent
studies suggest that clopidogrel, an oral antiplatelet drug,
administered with thrombolytic therapy can improve the
patency rate of the infarct-related artery and reduce ischemic
complications [33, 34]. Pretreatment with clopidogrel signif-
icantly increased TIMI �ow, reduced infarct-related artery
reocclusion, and improved survival without an increase in
major bleeding versus aspirin alone.
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T 1: Top ten advances in STEMI therapy.

Positive advances
Drug-eluting stents [42–45]
Potent oral antiplatelet agents [46, 47]
Bivalirudin [48]
Manual thrombus aspiration [49, 50]
Transradial intervention [51–54]
Negative �ndings
OAT trial [55]
CRISP AMI trial [56]
Stem cell therapy [57]
Distal protection [58]
Mechanical thrombectomy [59]

3. Options following Successful Thrombolysis

If primary PCI is not an option and thrombolysis is
administered, there are many different strategies for fur-
ther therapy following successful thrombolysis, as the latter
alone can still be associated with high reocclusion rates
and reinfarction due to the residual severe stenosis in the
majority of patients [13]. e important issue is whether
these patients should be treated conservatively and thus
undergo revascularization only if they have spontaneous
(recurrent) ischemia or induced ischemia during subsequent
stress test or whether all patients should be transferred to a
PCI-capable hospital so that they undergo routine coronary
angiography and revascularization if the anatomy warrants
it. Regarding this dilemma, there have been randomized
trials and meta-analyses to identify the optimal approach.
ese meta-analyses suggest that routine early PCI following
thrombolytic therapy confers a signi�cant reduction in the
composite endpoint of death, reinfarction, and ischemia dur-
ing the �rst year aer STEMI without an increase in adverse
events such as stroke or major bleeding [35–38].erefore, it
is bene�cial for patients aer thrombolysis to be referred for
routine coronary angiogram and revascularization, usually
between 2 and 24 hours [39, 40]. TRANSFER-AMI (e
Trial of Routine Angioplasty and Stenting aer Fibrinolysis
to Enhance Reperfusion in Acute Myocardial Infarction)
showed that PCI within 6 hours aer thrombolysis by
immediate transfer to a PCI center following thrombolysis
can signi�cantly improve the composite endpoint of death,
reinfarction, recurrent ischemia, new or worsening conges-
tive heart failure, or cardiogenic shock within 30 days versus
“standard” treatment of rescue PCI if necessary or ischemia-
guided delayed angiography (11% versus 17.2%, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃)
[41]. ere was no increased major bleeding with the early
routine PCI strategy.

4. Rescue PCI

Since thrombolysis can provide successful reperfusion in only
50–60% of patients [13], rescue PCI is necessary in those with
ongoing ischemia tominimize the infarct size and subsequent
le ventricular dysfunction. As can be predicted, randomized

trials clearly showed the bene�t of rescue PCI, with 35%
reduction in mortality and 36% reduction in reinfarction
versus conservative approach [60]. In the largest study,
the Rapid Early Action for Coronary Treatment (REACT)
trial, patients randomized to rescue PCI had signi�cantly
improved primary composite endpoint of death, reinfarction,
stroke, or severe heart failure within 6months comparedwith
repeated thrombolysis or conservative management (13.8%
versus 25.6% with repeated thrombolysis and 22.4% with
conservative management) [61].

5. Facilitated PCI

An attractive option bridging the pharmacologic therapy
and primary PCI is facilitated PCI, which refers to planned
immediate PCI following an initial pharmacological regimen,
usually thrombolytic therapy (full-dose or half-dose with or
without a glycoprotein IIb/IIIa inhibitor) [62]. e hypothe-
sis is that the pre-PCI pharmacotherapy can improve infarct
artery patency and possibly earlier reperfusion. Unfortu-
nately, no trial has shown a bene�t [62], including two large
trials, the ASSENT-4 (e Assessment of the Safety and
Efficacy of a New Treatment Strategy for Acute Myocardial
Infarction-4) PCI trial that had to be terminated prematurely
due to increased mortality in the facilitated PCI group [63]
and the FINESSE (Facilitated Intervention with Enhanced
Reperfusion Speed to Stop Events) trial that evaluated the
combination of abciximab plus half-dose reteplase or abcix-
imab alone prior to PCI versus primary PCI [64]. Likewise,
the LIPSIA-STEMI (Leipzig Immediate Prehospital Facili-
tated Angioplasty in ST-SegmentMyocardial Infarction) trial
[65] that compared facilitated PCI using tenecteplase versus
primary PCI in STEMI patients presenting <3 hours aer
symptomonset and long transfer distances showed no bene�t
in infarct size as measured by delayed-enhancement mag-
netic resonance imaging.erefore, facilitated PCI should no
longer be considered in STEMI patients.

6. Recanalization of Occluded Artery beyond
the 12-HourWindow

ose patients presenting beyond the 12-hour window aer
symptom onset and thus less likely to obtain myocardial
salvage with intervention have been a dilemma regarding
the recanalization of the occluded infarct-related artery. It
has been estimated that up to one-third of patients with
STEMI may not receive reperfusion therapy due to this late
presentation [66, 67]. Whereas there is very little chance for
myocardial salvage and there is in addition a procedure-
related complication risk, there is also theoretical advantage
of favorably affecting the le ventricular remodeling and
provision of collateral source against future events [68–74].
As this group presented a dilemma regarding the optimal
therapy, the OAT (Occluded Artery Trial) study randomized
2166 patients with total occlusion of the infarct-related artery
3 to 28 days aer myocardial infarction and le ventricular
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ejection fraction <50% or proximal vessel occlusion to rou-
tine PCI and stentingwith optimalmedical therapy or to opti-
mal medical therapy alone. e 4-year cumulative primary
event rates were similar between the two groups, suggesting
that routine PCI did not provide mortality or other cardiac
bene�t [55]. However, it is important to remember that OAT
study excluded unstable patients, such as those inNYHAclass
III or I� heart failure, shock, angiographically signi�cant le
main or three-vessel coronary artery disease, angina at rest,
and severe ischemia on stress testing. Subsequent analysis
showed that those patients randomized to PCI had a higher
risk of reinfarction due to reocclusion and stent thrombosis
[75]. us, if the STEMI patients present >12 hours aer the
symptom onset and are clinically stable, routine angiography
and angioplasty of the occluded infarct-related artery are not
recommended.

7. Pharmacologic Advances

7.1. Antiplatelet erapy. Platelets play a major role in the
initiation and propagation of the thrombus during STEMI
following plaque rupture. erefore, antiplatelet therapy has
been shown to reduce ischemic complications following
STEMI [76]. Clopidogrel has been shown to be synergistic
with aspirin in STEMI patients with thrombolytic therapy
alone [33, 34] as well as PCI following thrombolytic ther-
apy [77]. However, studies suggest that clopidogrel may
not be the optimal oral ADP-receptor inhibitor due to a
marked interindividual variability in its platelet inhibition
[78]. erefore, newer ADP-receptor inhibitors, including
prasugrel [46] and ticagrelor [47], have been studied in
STEMI patients compared with clopidogrel. In TRITON-
TIMI (Trial to Assess Improvement in erapeutic Out-
comes by Optimizing Platelet Inhibition with Prasugrel-
rombolysis in Myocardial Infarction) 38, prasugrel, a
third-generation thienopyridine with improved pharmaco-
dynamics and less interindividual variability when compared
with clopidogrel [79], showed a signi�cant reduction in
major ischemic complications mainly due to the prevention
of nonfatal myocardial infarction in patients presenting
with acute coronary syndromes and treated primarily with
stent implantation [46]. In addition, there was a signi�cant
reduction in stent thrombosis rate in the prasugrel group.
is bene�t, however, came at the expense of signi�cantly
increased bleeding risk. In addition, patients with previous
transient ischemic attacks or stroke had worse outcomes
when treated with prasugrel versus clopidogrel. erefore,
these patients have de�nite contraindication to prasugrel
therapy. Furthermore, patients with low body weight <60 kg
or age >75 years without high-risk comorbidities, such as
previous MI or diabetes, also have relative contraindication
to prasugrel therapy [46]. Finally, prasugrel was administered
following coronary angiography and was not preloaded in
majority of patients in the trial. Ticagrelor, a nonthienopyri-
dine, direct acting, reversible P2Y12 receptor antagonist, also
showed a signi�cant reduction in ischemic complications,
including cardiac mortality, versus clopidogrel in PLATO
(Platelet Inhibition and Patient Outcomes) trial [47]. PLATO

study also included patients treated conservatively without
revascularization and showed similar bene�t whether the
patients were treated conservatively or with revasculariza-
tion. Since neither mechanical nor pharmacologic reperfu-
sion therapy is received by one-third of STEMI patients [66],
the �nding that ticagrelor improves survival in these �med-
ically managed” patients is reassuring. Additionally, there
was no subgroup with worse outcome versus clopidogrel
except for those patients treated with >100mg maintenance
dose of concomitant aspirin. e only side-effects seen more
frequently were the asymptomatic bradycardia and self-
limited cough. Finally, there was no increased bleeding risk
with ticagrelor therapy versus clopidogrel [47]. erefore,
given these two randomized trials showing the superiority of
newer antiplatelet agents compared with clopidogrel, patients
presentingwith STEMIwould bene�tmore from these agents
following primary PCI versus clopidogrel.

7.2. Anticoagulant. Bivalirudin has been shown to provide
effective anticoagulation during angioplasty with reduced
bleeding complication compared with other options for both
stable angina and low-risk acute coronary syndrome patients
[80, 81]. us, the HORIZONS-AMI (Harmonizing Out-
comeswithRevascularization and Stents inAcuteMyocardial
Infarction) trial evaluated the bene�cial role of bivalirudin
in patients undergoing primary PCI with stenting versus
unfractionated heparin and glycoprotein IIb/IIIa inhibitor
therapy [48]. e trial showed a signi�cant net clinical
bene�t, including markedly reduced bleeding complications
and signi�cantly reduced cardiac mortality in those patients
randomized to bivalirudin therapy (9.2% versus 12.1%, 𝑃𝑃 <
0.001). e bene�ts were maintained up to 3 years following
the initial procedure [82]. One unexplained adverse outcome
was the signi�cantly higher acute stent thrombosis rate in
bivalirudin group versus heparin plus glycoprotein IIb/IIIa
inhibitor group although overall there were no clinical
sequelae from this increased acute stent thrombosis risk.
erefore, bivalirudin should be considered as the preferred
anticoagulant therapy for patients undergoing primary PCI.

7.3. GP IIb/IIIa Inhibitors. Glycoprotein IIb/IIIa inhibitors
have been shown to be bene�cial in STEMI patients, espe-
cially when these patients were not pretreated with oral
antiplatelet agents [83]. Recent studies suggest that intracoro-
nary bolus administration of these agents rather than the
traditional intravenous route may provide greater bene�t as
measured by infarct size and extent of microvascular perfu-
sion and obstruction, especially in high-risk patients [84–86].
In addition, these trials provide the safety of the intracoro-
nary bolus administration. Potential mechanisms include
higher local platelet glycoprotein IIb/IIIa receptor occupancy
and better post-PCI microvascular perfusion [87]. However,
there have been inconsistent �ndings, especially with larger,
randomized trials [88, 89]. erefore, intracoronary bolus
administration of glycoprotein IIb/IIIa inhibitor may be
better reserved for high-risk patients. It has been shown that
pre-PCI TIMI grade 3 �ow of the infarct-related artery is
an important positive predictor of improved survival [90].
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e TITAN (Time to Integrilin erapy in Acute Myocar-
dial Infarction)-TIM 34 trial suggested that early (in the
emergency room) versus late (in the cardiac catheterization
laboratory) epti�batide administration resulted in improved
infarct vessel patency [91]. is study was a mechanistic
study and underpowered to evaluate the clinical bene�t of
the early epti�batide administration. us, early epti�batide
therapy may be considered in STEMI patients to increase
spontaneous reperfusion. Although HORIZONS-AMI trial
showed overall bene�t of bivalirudin during primary PCI,
an unanticipated �nding of increased acute stent thrombosis
rate was observed in the bivalirudin group versus heparin
and glycoprotein IIb/IIIa inhibitor group [92]. Independent
predictors of reduced acute and subacute stent thrombosis
included prerandomization heparin and clopidogrel loading.
Glycoprotein IIb/IIIa inhibitor therapy can be expected to
provide protection against acute stent thrombosis, although
prolonged infusion as has been studied in the randomized
trialsmay cause bleeding complication.us, novel regimens,
such as bolus only or shorter duration of infusion given
the concomitant potent oral antiplatelet therapy, may reduce
the bleeding risk while providing the upstream antiplatelet
bene�t [93]. Recent studies with prehospital administration
of high-dose bolus tiro�ban in the ambulance in addition to
aspirin, heparin, and clopidogrel showed a signi�cantly lower
residual ST-segment deviation versus placebo [94], which
resulted in a strong trend for decreased mortality at 30 days
(2.2% versus 4.1%, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃) and 1 year (3.7% versus 5.8%,
𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) as well as a signi�cant reduction in major adverse
cardiac events at 30 days compared with placebo (5.8% versus
8.6%, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃) [95].

8. Device

8.1. Drug-Eluting Stents versus Bare-Metal Stents. Bare-metal
stents have become the device of choice during primary PCI,
mainly by reducing target vessel revascularization without
improving survival or reinfarction [96, 97]. However, obser-
vational studies suggested that there were possible safety
concerns regarding drug-eluting stents versus bare-metal
stents during primary PCI due to higher stent thrombosis
risk [42, 98]. Subse�uent randomized trials between the �rst-
generation drug-eluting and bare-metal stents con�rmed the
bene�t of drug-eluting stents in signi�cantly reducing target-
vessel revascularization [43–45]. In addition, there was no
difference in mortality, reinfarction, or stent thrombosis,
although the incidence of very late reinfarction and stent
thrombosis was higher with drug-eluting stents [45]. e
reason for this discrepancy of higher late stent thrombosis
without associated higher mortality could be due to less
catastrophic results of late stent thrombosis compared with
acute or subacute stent thrombosis [99]. erefore, selec-
tive use of drug-eluting stents in patients at high risk for
restenosis without an increased risk of stent thrombosis may
be warranted. It is unclear whether the second-generation
drug-eluting stents will provide improved outcome versus
the �rst-generation drug-eluting stents, especially regarding
late stent thrombosis, as has been demonstrated in elective

PCI [100]. One randomized trial between a �rst-generation
DES (sirolimus-eluting stents) and a second-generation DES
(everolimus-eluting stents) in STEMI patients showed a
signi�cant reduction of the major adverse cardiac events at
1 year (4.0% versus 7.7%, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃), with low one-year
cardiac mortality (1.5% versus 2.7%, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) and 1-year
incidence of de�nite and/or probable stent thrombosis (1.2%
versus 2.7%, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) [101]. Although these results are
encouraging, longer-term follow-up is necessary to con�rm
the de�nite advantage of the second-generation DES during
primary PCI.

8.2. Distal Protection and Aspiration of rombus. Since
STEMI patients are expected to have much thrombus burden
and a high likelihood of distal embolization during primary
PCI, it is logical to hypothesize that distal protection and
thrombectomy devices would be bene�cial. However, ran-
domized trials have shown no bene�t from distal protection
during primary PCI [58]. Distal embolic protection devices
did not reduce clinical events compared with PCI alone
(3.1% versus 3.4% mortality). One possible explanation is
the presence of multiple side branches in native coronary
arteries, which cannot be protected with one distal protection
device and may paradoxically have more distal embolization,
especially with occlusion devices.

Mechanical thrombectomy devices have not shown any
bene�t compared with no thrombectomy [58, 59]. On the
other hand, manual thrombus aspiration using catheters has
shown improved survival [49, 50]. Meta-analysis showed
that catheter aspiration resulted in signi�cantly lower mor-
tality (2.7% versus 4.4%; 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃) whereas mechanical
thrombectomy resulted in higher mortality (5.3% versus
2.8%; 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) compared with standard PCI [58]. Although
a recent randomized trial showed no bene�t of manual
aspiration [86], judicious use of manual aspiration devices
may still improve outcomes during high-risk primary PCI.

8.3. LV Assist Devices. Intra-aortic balloon counterpulsation
(IABP) has been shown to improve outcomes in patients
presenting with STEMI and cardiogenic shock and thus has
been recommended in these patients undergoing reperfusion
therapy [102, 103]. New percutaneous ventricular assist
devices have been studied in these patients and have been
found to improve hemodynamics compared with IABP but
may not confer mortality bene�t [104, 105]. ese novel
devices may be bene�cial if IABP support alone is not
sufficient [105].

However, it is not clear if STEMI patients without cardio-
genic shock may also bene�t from IABP therapy. erefore,
the CRISP AMI (Counterpulsation to Reduce Infarct Size
Pre-PCIAcuteMyocardial Infarction) trial randomized high-
risk anterior STEMI patients (at least 2mm ST-segment
elevation in 2 contiguous anterior leads or a total elevation
of 4mm or higher in anterior leads) to primary PCI or
prophylactic IABP before primary PCI and continued for at
least 12 hours and measured infarct size assessed by cardiac
magnetic resonance imaging 3 to 5 days aer PCI [56].
Patients with prior MI or CABG were excluded. In addition,
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bail-out IABP was allowed in the primary PCI only group
if they had sustained hypotension or cardiogenic shock,
uncontrolled arrhythmias, and acute mitral regurgitation or
ventricular septal defect. e trial showed that there was
no signi�cant difference in infarct size between the two
groups and there were no signi�cant differences in clinical
outcome. Although the study was not powered to show
clinical difference, the results of this largest randomized trial
in STEMI patients without shock suggest that IABP should
not be routinely used in these patients.

9. Access Site

Due to the intense anticoagulation and antiplatelet therapy
during STEMI treatment, bleeding complication used to be
common, especially at the vascular access site [81].erefore,
alternative access site such as the radial artery for primary
PCI may provide a safer approach with reduced bleeding
and, consequently, reduced ischemic complications, as major
bleeding has been associated with increased risk of ischemic
complications [106, 107]. Although there have been many
observational studies suggesting this possibility [108], RIVAL
(radIal versus femoral access for coronary intervention) trial
was the �rst large, multicenter, randomized trial comparing
the potential bene�t of radial access versus femoral access
in patients with ACS undergoing coronary angiography and
intervention, including STEMI patients [51]. e trial found
that although there was overall no signi�cant difference
between the radial versus femoral access groups, in patients
with STEMI undergoing primary PCI, there was a signi�cant
bene�t, including lower composite endpoint of death, recur-
rent myocardial infarction, or stroke, as well as death. Major
vascular complications were also signi�cantly reduced in the
radial group. On the other hand, the access site crossover
was signi�cantly greater in the radial group. In addition, the
highest tertile volume radial centers provided strong bene�t
whereas lower radial volume centers did not experience
similar bene�t. Likewise, �ORI�ONS-AMI trial showed that
transradial approach resulted in reduced major bleeding and
improved event-free survival versus transfemoral approach
[52]. Recent meta-analyses of all randomized trials between
transradial and transfemoral approaches in STEMI patients
showed a signi�cant reduction in mortality, major adverse
cardiac events, and access site complications in the transra-
dial group [53, 54]. On the other hand, there was only a
trend toward a reduction in major bleeding, as some of the
bleeding complications are from nonaccess site [51].us, in
high-volume radial centers, primary PCI via the radial artery
access may reduce access-site vascular complications as well
as overall ischemic complications during primary PCI versus
transfemoral access.

10. Therapeutic Hypothermia

Many patients with STEMI experience out-of-hospital car-
diac arrest as their initial presentation [109] and when these
patients are successfully resuscitated and brought to hos-
pitals, there are concerns about permanent hypoxic/anoxic

neurologic injury despite successful reperfusion therapy with
primary PCI. For these out-of-hospital cardiac arrest patients,
mild therapeutic hypothermia from 32 to 34∘C has been
shown to improve neurologic recovery [110, 111], resulting
in inclusion of hypothermia in the international guidelines on
postresuscitation care [112]. Although induced hypothermia
seems safe, the evidence for its efficacy is relatively weak
[113, 114], and, thus, there is a need for further randomized
trial to con�rm the true bene�t and ideal temperature range
[115]. But until then, mild hypothermia in combination
with primary PCI seems reasonable, as long as there are
carefully planned executed protocols among the emergency
room, cardiac catheterization laboratory, and intensive care
unit staff [116]. Meticulous nursing care is also important to
minimize the potential adverse effects.

11. Future Directions

11.1. Cell erapy. Numerous studies have investigated the
potential bene�t of administration of bone marrow cells to
improve le ventricular function in these STEMI patients,
as even the most prompt reperfusion may not salvage all
myocardium in jeopardy [117]. ere have been positive
studies, such as the REPAIR-AMI (Reinfusion of Enriched
ProgenitorCells and Infarct Remodeling inAcuteMyocardial
Infarction) study, which showed a statistically signi�cant
improvement in ejection fraction with intracoronary bone
marrow administered within 3 to 7 days of MI [118]. On
the other hand, late administration such as 2 to 3 weeks
aer primary PCI (LateTIME randomized trial) did not
result in increased global or regional ventricular function
at 6 months [57]. In addition to the timing of intracoro-
nary administration aer myocardial infarction, the route
of administration, such as intramyocardial delivery, may be
important in improving the le ventricular function [119,
120]. Future studies will provide further guidance regarding
the potential utility of bone marrow cell administration in
patients presenting with STEMI [121].

11.2. Multivessel PCI versus Infarct-Related Artery PCI. One
of the unresolved issues regarding primary PCI has been the
treatment of signi�cant lesions in non-infarct-related vessel
during STEMI. It has been estimated that approximately 50%
of patients with STEMI present with multivessel coronary
artery disease [122–125].ese patients understandably have
worse prognosis versus those with single-vessel coronary
artery disease [126]. Despite the lack of a large randomized
trial addressing the pros and cons of infarct-related vessel
PCI only versus multivessel PCI in these patients, the latest
guidelines stipulate that PCI of non-infarct-related vessels
at the time of STEMI in hemodynamically stable patients is
contraindicated with level III recommendation [127]. Recent
retrospective studies [125, 128] as well as meta-analysis [129]
suggest that simultaneous multivessel PCI in these patients
during primary PCI was associated with higher mortality
and stent thrombosis risk. One small but well-designed
prospective randomized trial evaluating the different strate-
gies in these patients (culprit vessel angioplasty only without
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further revascularization, staged revascularization at a later
date, or simultaneous treatment of both infarct-related and
non-infarct-related vessels) showed that the culprit vessel
angioplasty only was associated with signi�cantly higher in-
hospital death, repeated revascularization and rehospitaliza-
tion [130]. On the other hand, the other two groups had
similar clinical outcomes up to 2.5 years. Analysis of a large
New York State PCI Registry showed that multi-vessel PCI
during the index hospitalization resulted in an increased
in-hospital mortality compared with culprit-vessel PCI, but
those patients undergoing staged multi-vessel PCI within
60 days aer the primary PCI of the infarct-related vessel
had a signi�cantly lower 12-month mortality compared with
culprit-vessel PCI only [131]. �ntil more de�nitive random-
ized trials are completed, it seems prudent to treat the infarct-
related vessel only during the index procedure and stage the
nonculprit severe lesions within 60 days aer the primary
PCI. In addition, the use of fractional �ow reserve during
staged procedure could identify the functionally signi�cant
coronary artery lesions more accurately versus angiography
alone [132] and improve outcomes, including signi�cant
reductions in mortality and myocardial infarction [133] in
these patients with multivessel coronary artery disease.

11.3. Novel Stents. Since drug-eluting stents may be asso-
ciated with increased very late stent thrombosis risk ver-
sus bare-metal stents [45], novel stents with reduced stent
thrombosis risk may be bene�cial in STEMI patients. ese
advances can range from truly biodegradable [134, 135] to
biodegradable polymer coating of the metallic scaffold [136]
to stents coated with antibodies against circulating endothe-
lial progenitor cells to enhance early endothelialization and
reduced risk of stent thrombosis [137, 138]. Although these
stents are still being developed for elective procedures, they
could be especially useful for STEMI patients if their safety
and efficacy can be demonstrated.

11.4. Need for Public Education and Faster Transfer for
Primary PCI. It is accepted that the faster the revascular-
ization aer the symptom onset, the greater the likelihood
of myocardial salvage and long-term outcome [139, 140].
Although D2B time is important, the symptom onset to
balloon time is much more relevant regarding the infarct
size reduction. Recent primary PCI trials showed that infarct
size measured by technetium-99m sestamibi single-photon-
emission computed tomography imaging was the smallest
when total symptom onset to balloon time was <2 hours and
increased with longer time to reperfusion [141]. erefore,
it is extremely important that the public be educated on the
symptoms of STEMI and be advised to seek medical care
as soon as possible. One survey showed that the awareness
of heart attack symptoms was low and did not improve
from 2001 to 2007 [142], suggesting a need for more public
education programs. In addition, women have been found
to have both atypical symptoms [143] as well as higher
risk of misinterpretation of symptoms [144]. Since many
patients with STEMI still present to hospitals without on-site
primary PCI capability and since transfer for primary PCI is

still preferred if overall door to balloon time can be within
the recommended time, the “door-in to door-out” (DIDO)
time is important to salvage myocardium in these patients.
However, recent study suggests that the acceptable DIDO is
achieved in only a small percentage (<10%) nationwide [145].
us, new strategies to improve DIDO time are important.
Finally, recent randomized, elective PCI studies in complex
anatomy, such as lemain coronary artery disease [146, 147],
may provide the basis formore aggressive PCI strategy during
STEMI for those complex lesions not treated with primary
PCI thus far [148].

12. Conclusions

Recent advances in the management of STEMI patients
(Table 1) have resulted in improved outcomes in this high-
risk population. Whenever feasible, primary PCI should be
offered. When primary PCI is not an option or cannot
be performed in an efficient manner, thrombolytic therapy
should be administered. However, these patients receiving
thrombolytic therapy should be transferred to a PCI center
sooner than later, and undergo angiogram and revascular-
ization. Finally, an institution-wide, evidence-based pathway
may improve adherence to pharmacologic therapies recom-
mended by the guidelines and clinical outcomes [149].

References

[1] D. Lloyd-Jones, R. Adams, M. Carnethon et al., “American
Heart Association Statistics Committee and Stroke Statis-
tics Subcommittee. Heart disease and stroke statistics—2009
update: a report from the AmericanHeart Association Statistics
Committee and Stroke Statistics Subcommittee,” Circulation,
vol. 119, pp. 480–486, 2009.

[2] J. Shin, J. E. Edelberg, and M. K. Hong, “Vulnerable atheroscle-
rotic plaque: clinical implications,” Current Vascular Pharma-
cology, vol. 1, no. 2, pp. 183–204, 2003.

[3] K. A. A. Fox, P. G. Steg, K. A. Eagle et al., “Decline in
rates of death and heart failure in acute coronary syndromes,
1999–2006,” Journal of the American Medical Association, vol.
297, no. 17, pp. 1892–1900, 2007.

[4] C. Ani, D. Pan, D. Martins, and B. Ovbiagele, “Age- and sex-
speci�c in-hospital mortality aer myocardial infarction in
routine clinical practice,” Cardiology Research and Practice, vol.
2010, Article ID 752765, 11 pages, 2010.

[5] F. Van de Werf, J. Bax, A. Betriu et al., “Management of acute
myocardial infarction in patients presenting with persistent
ST-segment elevation: the Task Force on the Management
of ST-Segment Elevation Acute Myocardial Infarction of the
European Society of Cardiology,” European Heart Journal, vol.
29, pp. 2909–2945, 2008.

[6] A. W. J. Van’t Hof, A. Liem, H. Suryapranata, J. C. A. Hoorntje,
M. J. De Boer, and F. Zijlstra, “Angiographic assessment
of myocardial reperfusion in patients treated with primary
angioplasty for acute myocardial infarction: myocardial blush
grade,” Circulation, vol. 97, no. 23, pp. 2302–2306, 1998.

[7] A. W. J. Van’T Hof, A. Liem, M. J. De Boer, and F. Zijlstra,
“Clinical value of 12-lead electrocardiogram aer success-
ful reperfusion therapy for acute myocardial infarction,” e
Lancet, vol. 350, no. 9078, pp. 615–619, 1997.



8 Scienti�ca

[8] G. W. Stone, M. A. Peterson, A. J. Lansky, G. Dangas, R.
Mehran, and M. B. Leon, “Impact of normalized myocardial
perfusion aer successful angioplasty in acute myocardial
infarction,” Journal of the American College of Cardiology, vol.
39, no. 4, pp. 591–597, 2002.

[9] M. G. McLaughlin, G. W. Stone, E. Aymong et al., “Prognostic
utility of comparative methods for assessment of ST-segment
resolution aer primary angioplasty for acute myocardial
infarction: the controlled abciximab and device investigation
to lower late angioplasty complications (CADILLAC) trial,”
Journal of the American College of Cardiology, vol. 44, no. 6, pp.
1215–1223, 2004.

[10] A. Poli, R. Fetiveau, P. Vandoni et al., “Integrated analysis of
myocardial blush and ST-segment elevation recovery aer suc-
cessful primary angioplasty: real-time grading ofmicrovascular
reperfusion and prediction of early and late recovery of le
ventricular function,” Circulation, vol. 106, no. 3, pp. 313–318,
2002.

[11] E. J. Topol and J. S. Yadav, “Recognition of the importance of
embolization in atherosclerotic vascular disease,” Circulation,
vol. 101, no. 5, pp. 570–580, 2000.

[12] J. I. Kotani, S. Nanto, G. S. Mintz et al., “Plaque gruel of
atheromatous coronary lesion may contribute to the no-re�ow
phenomenon in patients with acute coronary syndrome,” Cir-
culation, vol. 106, no. 13, pp. 1672–1677, 2002.

[13] E. C. Keeley, J. A. Boura, and C. L. Grines, “Primary angioplasty
versus intravenous thrombolytic therapy for acute myocardial
infarction: a quantitative review of 23 randomised trials,” e
Lancet, vol. 361, no. 9351, pp. 13–20, 2003.

[14] C. P. Cannon, C. M. Gibson, C. T. Lambrew et al., “Relationship
of symptom-onset-to-balloon time and door-to-balloon time
with mortality in patients undergoing angioplasty for acute
myocardial infarction,” Journal of the American Medical Asso-
ciation, vol. 283, no. 22, pp. 2941–2947, 2000.

[15] D. J. Magid, B. N. Calonge, J. S. Rumsfeld et al., “Relation
between hospital primary angioplasty volume and mortality
for patients with acute MI treated with primary angioplasty
vs thrombolytic therapy,” Journal of the American Medical
Association, vol. 284, no. 24, pp. 3131–3138, 2000.

[16] B. A. Vakili, R. Kaplan, and D. L. Brown, “Volume-outcome
relation for physicians and hospitals performing angioplasty for
acute myocardial infarction in New York state,” Circulation, vol.
104, no. 18, pp. 2171–2176, 2001.

[17] G.W. Stone, S. R. Dixon, C. L. Grines et al., “Predictors of infarct
size aer primary coronary angioplasty in acute myocardial
infarction from pooled analysis from four contemporary trials,”
American Journal of Cardiology, vol. 100, no. 9, pp. 1370–1375,
2007.

[18] B. K. Nallamothu, E. M. Antman, and E. R. Bates, “Primary
percutaneous coronary intervention versus �brinolytic therapy
in acute myocardial infarction: does the choice of �brinolytic
agent impact on the importance of time-to-treatment?” Ameri-
can Journal of Cardiology, vol. 94, no. 6, pp. 772–774, 2004.

[19] E. H. Bradley, J. Herrin, Y. Wang et al., “Strategies for reducing
the door-to-balloon time in acute myocardial infarction,” New
England Journal of Medicine, vol. 355, no. 22, pp. 2308–2320,
2006.

[20] H. M. Krumholz, J. Herrin, L. E. Miller et al., “Improvements
in door-to-balloon time in the United States, 2005 to 2010,”
Circulation, vol. 124, pp. 1038–1045, 2011.

[21] E. Boersma, “Does time matter? A pooled analysis of random-
ized clinical trials comparing primary percutaneous coronary

intervention and in-hospital �brinolysis in acute myocardial
infarction patients,” European Heart Journal, vol. 27, no. 7, pp.
779–788, 2006.

[22] U. Stenestrand, J. Lindbäck, and L. Wallentin, “Long-term
outcome of primary percutaneous coronary intervention vs
prehospital and in-hospital thrombolysis for patients with
ST-elevation myocardial infarction,” Journal of the American
Medical Association, vol. 296, no. 14, pp. 1749–1756, 2006.

[23] D. S. Pinto, A. J. Kirtane, B. K. Nallamothu et al., “Hospital
delays in reperfusion for ST-elevation myocardial infarction:
implications when selecting a reperfusion strategy,”Circulation,
vol. 114, no. 19, pp. 2019–2025, 2006.

[24] T. D. Henry, S. W. Sharkey, M. N. Burke et al., “A regional
system to provide timely access to percutaneous coronary inter-
vention for ST-elevation myocardial infarction,” Circulation,
vol. 116, no. 7, pp. 721–728, 2007.

[25] F. V. Aguirre, J. J. Varghese, M. P. Kelley et al., “Rural
interhospital transfer of ST-elevation myocardial infarction
patients for percutaneous coronary revascularization: the stat
heart program,” Circulation, vol. 117, no. 9, pp. 1145–1152,
2008.

[26] J. C. Blankenship, T. D. Scott, K. A. Skelding et al., “Door-
to-balloon times under 90 min can be routinely achieved
for patients transferred for ST-segment elevation myocardial
infarction percutaneous coronary intervention in a rural set-
ting,” Journal of the American College of Cardiology, vol. 57, no.
3, pp. 272–279, 2011.

[27] E. R. Bates and B. K. Nallamothu, “Commentary: the role of
percutaneous coronary intervention in ST-segment-elevation
myocardial infarction,”Circulation, vol. 118, no. 5, pp. 567–573,
2008.

[28] B. K. Nallamothu, E. R. Bates, Y. Wang, E. H. Bradley, and
H. M. Krumholz, “Driving times and distances to hospi-
tals with percutaneous coronary intervention in the United
States: implications for prehospital triage of patients with ST-
elevation myocardial infarction,” Circulation, vol. 113, no. 9, pp.
1189–1195, 2006.

[29] P. Moyer, J. Feldman, J. Levine et al., “Implications of the
mechanical (PCI) versus thrombolytic controversy for ST
segment elevation myocardial infarction on the organization
of emergency medical services: the Boston EMS experience,”
Critical Pathways in Cardiology, vol. 3, no. 2, pp. 53–61, 2004.

[30] J. W. Buckley, E. R. Bates, and B. K. Nallamothu, “Primary
percutaneous coronary intervention expansion to hospitals
without on-site cardiac surgery in Michigan: a geographic
information systems analysis,”AmericanHeart Journal, vol. 155,
no. 4, pp. 668–672, 2008.

[31] T. Aversano, L. T. Aversano, E. Passamani et al., “rom-
bolytic therapy vs primary percutaneous coronary intervention
for myocardial infarction in patients presenting to hospitals
without on-site cardiac surgery: a randomized controlled trial,”
Journal of the AmericanMedical Association, vol. 287, no. 15, pp.
1943–1951, 2002.

[32] F. G. Kushner, M. Hand, S. C. Smith et al., “2009 focused
updates: ACC/AHA guidelines for the management of patients
with ST-elevation myocardial infarction (updating the 2004
guideline and 2007 focused update) and ACC/AHA/SCAI
guidelines on percutaneous coronary intervention (updating
the 2005 guideline and 2007 focused update),” Journal of the
American College of Cardiology, vol. 54, no. 23, pp. 2205–2241,
2009.



Scienti�ca 9

[33] Z. M. Chen and L. X. Jiang, “Addition of clopidogrel to aspirin
in 45 852 patients with acutemyocardial infarction: randomised
placebo-controlled trial,” e Lancet, vol. 366, no. 9497, pp.
1607–1621, 2005.

[34] M. S. Sabatine, C. P. Cannon, C. M. Gibson et al., “Addition of
clopidogrel to aspirin and �brinolytic therapy for myocardial
infarction with ST-segment elevation,” New England Journal of
Medicine, vol. 352, no. 12, pp. 1179–1189, 2005.

[35] F. Borgia, S. G. Goodman, S. Halvorsen et al., “Early routine
percutaneous coronary intervention aer �brinolysis versus
standard therapy in ST-segment elevation myocardial infarc-
tion: a meta-analysis,” European Heart Journal, vol. 31, no. 17,
pp. 2156–2169, 2010.

[36] S. P. D’souza, M. A. Mamas, D. G. Fraser, and F. Fath-
Ordoubadi, “Routine early coronary angioplasty versus
ischaemia-guided angioplasty aer thrombolysis in acute
ST-elevation myocardial infarction: a meta-analysis,” European
Heart Journal, vol. 32, no. 8, pp. 972–982, 2011.

[37] P. W. Armstrong, “FASTTRACK: a comparison of pharma-
cologic therapy with/without timely coronary intervention vs.
primary percutaneous intervention early aer ST-elevation
myocardial infarction: e WEST (Which Early ST-elevation
myocardial infarction erapy) study,” European Heart Journal,
vol. 27, no. 13, pp. 1530–1538, 2006.

[38] F. Fernández-Avilés, J. J. Alonso, G. Peña et al., “Primary
angioplasty versus early routine post-�brinolysis angioplasty
for acute myocardial infarction with ST-segment elevation:
the GRACIA-2 non-inferiority, randomized, controlled trial,”
European Heart Journal, vol. 28, no. 8, pp. 949–960, 2007.

[39] F. W. A. Verheugt, “Routine angioplasty aer �brinolysis�how
early should “early” be?” New England Journal of Medicine, vol.
360, no. 26, pp. 2779–2781, 2009.

[40] N. Danchin, P. Coste, J. Ferrières et al., “Comparison of
thrombolysis followed by broad use of percutaneous coronary
intervention with primary percutaneous coronary intervention
for ST-segment-elevation acute myocardial infarction: data
from the French registry on acute ST-elevation myocardial
infarction (FAST-MI),” Circulation, vol. 118, no. 3, pp. 268–276,
2008.

[41] W. J. Cantor, D. Fitchett, B. Borgundvaag et al., “Routine
early angioplasty aer �brinolysis for acute myocardial infarc-
tion,” New England Journal of Medicine, vol. 360, no. 26, pp.
2705–2718, 2009.

[42] J. Daemen, S. Tanimoto, H. M. García-García et al., “Compari-
son of three-year clinical outcome of Sirolimus- and Paclitaxel-
eluting stents versus bare metal stents in patients with ST-
segment elevationmyocardial infarction (from the RESEARCH
and T-SEARCH Registries),” American Journal of Cardiology,
vol. 99, no. 8, pp. 1027–1032, 2007.

[43] G. W. Stone, A. J. Lansky, S. J. Pocock et al., “Paclitaxel-
eluting stents versus bare-metal stents in acute myocardial
infarction,” New England Journal of Medicine, vol. 360, no. 19,
pp. 1946–1959, 2009.

[44] S. S. Brar, M. B. Leon, G. W. Stone et al., “Use of drug-eluting
stents in acute myocardial infarction. A systematic review and
meta-analysis,” Journal of the American College of Cardiology,
vol. 53, no. 18, pp. 1677–1689, 2009.

[45] G. De Luca, M. T. Dirksen, C. Spaulding et al., “Drug-eluting
versus bare-metal stents in primary angioplasty. A pooled
patient-level meta-analysis of randomized trials,” Archives of
Internal Medicine, vol. 172, pp. 611–621, 2012.

[46] S. D. Wiviott, E. Braunwald, C. H. McCabe et al., “Prasugrel
versus clopidogrel in patients with acute coronary syndromes,”
e New England Journal of Medicine, vol. 357, pp. 2001–2015,
2007.

[47] L. Wallentin, R. C. Becker, A. Budaj et al., “Ticagrelor versus
clopidogrel in patients with acute coronary syndromes,” New
England Journal of Medicine, vol. 361, no. 11, pp. 1045–1057,
2009.

[48] G. W. Stone, B. Witzenbichler, G. Guagliumi et al., “Bivalirudin
during primary PCI in acute myocardial infarction,” New
England Journal of Medicine, vol. 358, no. 21, pp. 2218–2230,
2008.

[49] T. Svilaas, P. J. Vlaar, I. C. Van Der Horst et al., “rombus aspi-
ration during primary percutaneous coronary intervention,”
New England Journal of Medicine, vol. 358, no. 6, pp. 557–567,
2008.

[50] P. J. Vlaar, T. Svilaas, I. C. van der Horst et al., “Cardiac death
and reinfarction aer 1 year in the rombus Aspiration dur-
ing Percutaneous coronary intervention in Acute myocardial
infarction Study (TAPAS): a 1-year follow-up study,”eLancet,
vol. 371, no. 9628, pp. 1915–1920, 2008.

[51] S. S. Jolly, S. Yusuf, and J. Cairns, “Radial versus femoral access
for coronary angiography and intervention in patients with
acute coronary syndromes (RIVAL): a randomised, parallel
group, multicentre trial,” e Lancet, vol. 377, pp. 1409–1420,
2011.

[52] P. Genereux, R. Mehran, T. Palmerini et al., “Radial access
in patients with ST-segment elevation myocardial infarction
undergoing primary angioplasty in acute myocardial infarc-
tion: the HORIZONS-AMI trial,” EuroIntervention, vol. 7, pp.
905–916, 2011.

[53] M. A. Mamas, K. Ratib, H. Routledge et al., “In�uence of access
site selection on PCI-related adverse events in patients with
STEMI: meta-analysis of randomised controlled trials,” Heart,
vol. 98, pp. 303–311, 2012.

[54] D. Joyal, O. F. Bertrand, S. Rinfret et al., “Meta-analysis of
ten trials on the effectiveness of the radial versus the femoral
approach in primary percutaneous coronary intervention,”
American Journal of Cardiology, vol. 109, pp. 813–818, 2012.

[55] J. S. Hochman, G. A. Lamas, C. E. Buller et al., “Coronary
intervention for persistent occlusion aer myocardial infarc-
tion,” New England Journal of Medicine, vol. 355, no. 23, pp.
2395–2407, 2006.

[56] M. R. Patel, R. W. Smalling, H. iele et al., “Intra-aortic
balloon counterpulsation and infarct size in patients with acute
anterior myocardial infarction without shock. e CRISP AMI
randomized trial,” Journal of the American Medical Association,
vol. 306, pp. 1329–1337, 2011.

[57] J. H. Traverse, T. D. Henry, and S. G. Ellis, “Effect of intra-
coronary delivery of autologous bone marrow mononuclear
cells 2 to 3 weeks following acute myocardial infarction on le
ventricular function: the LateTIME randomized trial,” Journal
of the American Medical Association, vol. 306, pp. 2110–2119,
2011.

[58] A. A. Bavry, D. J. Kumbhani, and D. L. Bhatt, “Role of
adjunctive thrombectomy and embolic protection devices in
acute myocardial infarction: a comprehensive meta-analysis of
randomized trials,” European Heart Journal, vol. 29, no. 24, pp.
2989–3001, 2008.

[59] A. Ali, D. Cox, N. Dib et al., “Rheolytic thrombectomy with
percutaneous coronary intervention for infarct size reduction in
acute myocardial infarction. 30-day results from a multicenter



10 Scienti�ca

randomized study,” Journal of the American College of Cardiol-
ogy, vol. 48, no. 2, pp. 244–252, 2006.

[60] J. P. Collet, G. Montalescot, M. Le May, M. Borentain, and A.
Gershlick, “Percutaneous coronary intervention aer �brinoly-
sis. A multiple meta-analyses approach according to the type of
strategy,” Journal of the American College of Cardiology, vol. 48,
no. 7, pp. 1326–1335, 2006.

[61] A. H. Gershlick, A. Stephens-Lloyd, S. Hughes et al., “Rescue
angioplasty aer failed thrombolytic therapy for acute myocar-
dial infarction,” New England Journal of Medicine, vol. 353, no.
26, pp. 2758–2768, 2005.

[62] E. C. Keeley, J. A. Boura, and C. L. Grines, “Comparison of
primary and facilitated percutaneous coronary interventions
for ST-elevation myocardial infarction: quantitative review of
randomised trials,”e Lancet, vol. 367, no. 9510, pp. 579–588,
2006.

[63] F. Van De Werf, “Primary versus tenecteplase-facilitated per-
cutaneous coronary intervention in patients with ST-segment
elevation acute myocardial infarction (ASSENT-4 PCI): ran-
domised trial,”eLancet, vol. 367, no. 9510, pp. 569–578, 2006.

[64] S. G. Ellis,M. Tendera,M. A. De Belder et al., “Facilitated PCI in
patients with ST-elevationmyocardial infarction,”New England
Journal of Medicine, vol. 358, no. 21, pp. 2205–2217, 2008.

[65] H.iele, I. Eitel, C. Meinberg et al., “Randomized comparison
of pre-hospitalinitiated facilitated percutaneous coronary inter-
vention versus primary percutaneous coronary intervention in
acute myocardial infarction very early aer symptom onset: the
LIPSIA-STEMI trial (Leipzig Immediate Prehospital Facilitated
Angioplasty in ST-segment myocardial infarction),” Cardiovas-
cular Interventions, vol. 4, no. 6, pp. 605–614, 2011.

[66] K. A. Eagle, S. G. Goodman, Á. Avezum, A. Budaj, C. M.
Sullivan, and J. López-Sendón, “Practice variation and missed
opportunities for reperfusion in ST-segment-elevationmyocar-
dial infarction: �ndings from the Global Registry of Acute
Coronary Events (GRACE),”e Lancet, vol. 359, no. 9304, pp.
373–377, 2002.

[67] M. Cohen, G. F. Gensini, F. Maritz et al., “Prospective evalu-
ation of clinical outcomes aer acute ST-elevation myocardial
infarction in patients who are ineligible for reperfusion therapy:
preliminary results from the TETAMI registry and randomized
trial,” Circulation, vol. 108, no. 16, supplement, pp. III14–III21,
2003.

[68] I. Porto, J. B. Selvanayagam, W. J. Van Gaal et al., “Plaque
volume and occurrence and location of periprocedural
myocardial necrosis aer percutaneous coronary intervention:
insights from delayed-enhancement magnetic resonance
imaging, thrombolysis in myocardial infarction myocardial
perfusion grade analysis, and intravascular ultrasound,”
Circulation, vol. 114, no. 7, pp. 662–669, 2006.

[69] M. Singh, C. S. Rihal, R. J. Lennon, K. N. Garratt, V. Mathew,
and D. R. Holmes, “Prediction of complications following
nonemergency percutaneous coronary interventions,” Ameri-
can Journal of Cardiology, vol. 96, no. 7, pp. 907–912, 2005.

[70] H. Horie, M. Takahashi, K. Minai et al., “Long-term bene�cial
effect of late reperfusion for acute anterior myocardial infarc-
tion with percutaneous transluminal coronary angioplasty,”
Circulation, vol. 98, no. 22, pp. 2377–2382, 1998.

[71] P. G. Steg, C. uaire, D. Himbert et al., “DECOPI (DEsob-
struction COronaire en Post-Infarctus): a randomized multi-
centre trial of occluded artery angioplasty aer acute myocar-
dial infarction,” European Heart Journal, vol. 25, no. 24, pp.
2187–2194, 2004.

[72] J. C. Silva, C. E. Rochitte, J. S. Júnior et al., “Late coronary
artery recanalization effects on le ventricular remodelling and
contractility by magnetic resonance imaging,” European Heart
Journal, vol. 26, no. 1, pp. 36–43, 2005.

[73] H. D. White and E. Braunwald, “Applying the open artery
theory: use of predictive survival markers,” European Heart
Journal, vol. 19, no. 8, pp. 1132–1139, 1998.

[74] P. Monteiro, A. Antunes, L. M. Gonçalves, and L. A. Providên-
cia, “Long-term clinical impact of coronary collateral vessels
aer acute myocardial infarction,” Revista Portuguesa de Car-
diologia, vol. 22, no. 9, pp. 1051–1061, 2003.

[75] H. D. White, H. R. Reynolds, and A. C. Carvalho, “Rein-
farction aer percutaneous coronary intervention or medical
management using the universal de�nition in patients with
total occlusion aer myocardial infarction: results from long-
term follow-up of the Occluded Artery Trial (OAT) cohort,”
American Heart Journal, vol. 163, pp. 563–571, 2012.

[76] G. Cayla, J. Silvain, S. A. O’Connor et al., “An evidence-based
review of current anti-platelet options for STEMI patients,”
International Journal of Cardiology. In press.

[77] M. S. Sabatine, C. P. Cannon, C. M. Gibson et al., “Effect of
clopidogrel pretreatment before percutaneous coronary inter-
vention in patients with ST-elevation myocardial infarction
treated with �brinolytics: the PCI-CLARITY study,” Journal
of the American Medical Association, vol. 294, no. 10, pp.
1224–1232, 2005.

[78] V. L. Serebruany, S. R. Steinhubl, P. B. Berger, A. I. Malinin, D.
L. Bhatt, and E. J. Topol, “Variability in platelet responsiveness
to clopidogrel among 544 individuals,” Journal of the American
College of Cardiology, vol. 45, no. 2, pp. 246–251, 2005.

[79] S. A. Mousa, W. P. Jeske, and J. Fareed, “Antiplatelet therapy
prasugrel: a novel platelet ADP P2Y12 receptor antagonist,”
Clinical and Applied rombosis/Hemostasis, vol. 16, no. 2, pp.
170–176, 2010.

[80] A. M. Lincoff, J. A. Bittl, R. A. Harrington et al., “REPLACE-2
Investigators. Bivalirudin and provisional glycoprotein IIb/IIIa
blockade compared with heparin and planned glycoprotein
IIb/IIIa blockade during percutaneous coronary intervention:
REPLACE-2 randomized trial,” Journal of the AmericanMedical
Association, vol. 289, pp. 853–863, 2003.

[81] G. W. Stone, B. T. McLaurin, D. A. Cox et al., “Bivalirudin for
patients with acute coronary syndromes,” New England Journal
of Medicine, vol. 355, no. 21, pp. 2203–2216, 2006.

[82] G. W. Stone, B. Witzenbichler, G. Guagliumi et al., “Hep-
arin plus a glycoprotein IIb/IIIa inhibitor versus bivalirudin
monotherapy and paclitaxel-eluting stents versus bare-metal
stents in acute myocardial infarction (HORI�ONS-AMI): �nal
3-year results from a multicentre, randomised controlled trial,”
e Lancet, vol. 377, no. 9784, pp. 2193–2204, 2011.

[83] G. N. Levine, E. R. Bates, J. C. Blankenship et al., “2011
ACCF/AHA/SCAI guideline for percutaneous coronary inter-
vention: a report of the American College of Cardiology Foun-
dation/American Heart Association Task Force on practice
guidelines and the society for cardiovascular angiography and
interventions,” Journal of the American College of Cardiology,
vol. 58, pp. e44–e122, 2011.

[84] D. S. Pinto, A. J. Kirtane, N. A. Ruocco et al., “Administration
of intracoronary Epti�batide during ST-elevation myocardial
infarction,” American Journal of Cardiology, vol. 96, no. 11, pp.
1494–1497, 2005.

[85] H. iele, K. Schindler, J. Friedenberger et al., “Intracoronary
compared with intravenous bolus abciximab application in



Scienti�ca 11

patients with ST-elevation myocardial infarction undergoing
primary percutaneous coronary intervention: the randomized
Leipzig immediate percutaneous coronary intervention abcix-
imab IV versus IC in ST-elevation myocardial infarction trial,”
Circulation, vol. 118, no. 1, pp. 49–57, 2008.

[86] G.W. Stone, A.Maehara, B.Witzenbichler et al., “Intracoronary
abciximab and aspiration thrombectomy in patients with large
anterior myocardial infarction. e INFUSE-AMI randomized
trial,” Journal of the American Medical Association, vol. 307, pp.
1817–1826, 2012.

[87] A. J. Deibele, L. K. Jennings, J. E. Tcheng, C. Neva, A. D.
Earhart, and C. M. Gibson, “Intracoronary epti�batide bolus
administration during percutaneous coronary revasculariza-
tion for acute coronary syndromes with evaluation of platelet
glycoprotein IIb/IIIa receptor occupancy and platelet function:
the intracoronary epti�batide (ICE) trial,” Circulation, vol. 121,
no. 6, pp. 784–791, 2010.

[88] H. iele, J. Wohrle, and R. Hambrecht, “Intracoronary versus
intravenous bolus abciximab during primary percutaneous
coronary intervention in patients with acute ST-elevation
myocardial infarction: a randomised trial,”e Lancet, vol. 379,
pp. 923–931, 2012.

[89] G. De Luca, M. Verdoia, and H. Suryapranata, “Bene�ts from
intracoronary as compared to intravenous abciximab adminis-
tration for STEMI patients undergoing primary angioplasty: a
meta-analysis of 8 randomized trials,” Atherosclerosis, vol. 222,
pp. 426–433, 2012.

[90] S. J. Brener, R. Mehran, B. R. Brodie et al., “Predictors and
implications of coronary infarct artery patency at initial angiog-
raphy in patients with acute myocardial infarction (from the
CADILLAC and HORIZONS-AMI Trials),” American Journal
of Cardiology, vol. 108, pp. 918–923, 2011.

[91] C. M. Gibson, A. J. Kirtane, S. A. Murphy et al., “Early
initiation of epti�batide in the emergency department before
primary percutaneous coronary intervention for ST-segment
elevationmyocardial infarction: results of the Time to Integrilin
erapy in Acute Myocardial Infarction (TITAN)-TIMI 34
trial,” American Heart Journal, vol. 152, no. 4, pp. 668–675,
2006.

[92] G. D. Dangas, A. Caixeta, R. Mehran et al., “Frequency and
predictors of stent thrombosis aer percutaneous coronary
intervention in acute myocardial infarction,” Circulation, vol.
123, no. 16, pp. 1745–1756, 2011.

[93] D. Soon, H. H. Ho, K. K. Loh et al., “Clinical outcomes
of intracoronary epti�batide bolus only versus intracoronary
bolus and intravenous infusion of epti�batide in primary
percutaneous coronary intervention,” Acute Cardiac Care, vol.
14, pp. 42–44, 2012.

[94] A. W. van’t Hof, J. ten Berg, T. Heestermans et al., “Prehospital
initiation of tiro�ban in patients with ST-elevation myocardial
infarction undergoing primary angioplasty (On-TIME 2): a
multicentre, double-blind, randomised controlled trial,” e
Lancet, vol. 372, no. 9638, pp. 537–546, 2008.

[95] J. M. ten Berg, A. W. J. van’t Hof, T. Dill et al., “Effect of early,
pre-hospital initiation of high bolus dose tiro�ban in patients
with ST-segment elevation myocardial infarction on short- and
long-term clinical outcome,” Journal of the American College of
Cardiology, vol. 55, no. 22, pp. 2446–2455, 2010.

[96] G. W. Stone, C. L. Grines, D. A. Cox et al., “Comparison of
angioplasty with stenting, with or without abciximab, in acute
myocardial infarction,” e New England Journal of Medicine,
vol. 346, pp. 957–966, 2003.

[97] G. De Luca, H. Suryapranata, G. W. Stone et al., “Coro-
nary stenting versus balloon angioplasty for acute myocardial
infarction: a meta-regression analysis of randomized trials,”
International Journal of Cardiology, vol. 126, no. 1, pp. 37–44,
2008.

[98] J. A. Spertus, R. Kettelkamp, C. Vance et al., “Prevalence,
predictors, and outcomes of premature discontinuation of
thienopyridine therapy aer drug-eluting stent placement:
results from the PREMIER registry,” Circulation, vol. 113, no.
24, pp. 2803–2809, 2006.

[99] G. D. Dangas, B. E. Claessen, R. Mehran et al., “Clinical
outcomes following stent thrombosis occurring in-hospital
versus out-of-hospital. Results from the HORIZONS-AMI
(Harmonizing Outcomes with Revascularization and Stents in
Acute Myocardial Infarction) Trial,” Journal of the American
College of Cardiology, vol. 59, pp. 1752–1759, 2012.

[100] G. W. Stone, A. Rizvi, K. Sudhir et al., “Randomized compari-
son of everolimus- and paclitaxel-eluting stents: 2-year follow-
up from the SPIRIT (clinical evaluation of the XIENCE v
everolimus eluting coronary stent system) IV trial,” Journal of
the American College of Cardiology, vol. 58, no. 1, pp. 19–25,
2011.

[101] S. H. Hofma, J. Brouwer, M. A. Melders et al., “Second-
generation everolimus-eluting stents versus �rst-generation
sirolimus-eluting stents in acute myocardial infarction. 1-year
results of the randomized XAMI (XienceV stent versus Cypher
stent in primary PCI for acute myocardial infarction) trial,”
Journal of the American College of Cardiology, vol. 60, pp.
381–387, 2012.

[102] T. A. Sanborn, L. A. Sleeper, E. R. Bates et al., “Impact of
thrombolysis, intra-aortic balloon pump counterpulsation, and
their combination in cardiogenic shock complicating acute
myocardial infarction: a report from the SHOCK Trial Reg-
istry,” Journal of the American College of Cardiology, vol. 36, no.
3, supplement, pp. 1123–1129, 2000.

[103] J. S. Hochman, L. A. Sleeper, H. D. White et al., “One-
year survival following early revascularization for cardiogenic
shock,” Journal of the American Medical Association, vol. 285,
no. 2, pp. 190–192, 2001.

[104] J. M. Cheng, C. A. Den Uil, S. E. Hoeks et al., “Percutaneous
le ventricular assist devices vs. intra-aortic balloon pump
counterpulsation for treatment of cardiogenic shock: a meta-
analysis of controlled trials,” European Heart Journal, vol. 30,
no. 17, pp. 2102–2108, 2009.

[105] S. S. Basra, P. Loyalka, and B. Kar, “Current status of percuta-
neous ventricular assist devices for cardiogenic shock,” Current
Opinion in Cardiology, vol. 26, pp. 548–554, 2011.

[106] S. V. Rao, K. O’Grady, K. S. Pieper et al., “Impact of bleeding
severity on clinical outcomes among patients with acute coro-
nary syndromes,”American Journal of Cardiology, vol. 96, no. 9,
pp. 1200–1206, 2005.

[107] J. W. Eikelboom, S. R. Mehta, S. S. Anand, C. Xie, K. A. A.
Fox, and S. Yusuf, “Adverse impact of bleeding on prognosis in
patients with acute coronary syndromes,” Circulation, vol. 114,
no. 8, pp. 774–782, 2006.

[108] S. S. Jolly, S. Amlani, M. Hamon, S. Yusuf, and S. R. Mehta,
“Radial versus femoral access for coronary angiography or
intervention and the impact on major bleeding and ischemic
events: a systematic review and meta-analysis of randomized
trials,” American Heart Journal, vol. 157, no. 1, pp. 132–140,
2009.



12 Scienti�ca

[109] C. M. Spaulding, L. M. Joly, A. Rosenberg et al., “Immediate
coronary angiography in survivors of out-of-hospital cardiac
arrest,” New England Journal of Medicine, vol. 336, no. 23, pp.
1629–1633, 1997.

[110] HACA-Study-Group, “Mild therapeutic hypothermia to
improve the neurologic outcome aer cardiac arrest,” e New
England Journal of Medicine, vol. 346, pp. 549–556, 2002.

[111] S. A. Bernard, T. W. Gray, M. D. Buist et al., “Treatment
of comatose survivors of out-of-hospital cardiac arrest with
induced hypothermia,” New England Journal of Medicine, vol.
346, no. 8, pp. 557–563, 2002.

[112] M. A. Peberdy, C. W. Callaway, R. W. Neumar et al., “Part
9: post-cardiac arrest care: 2010 American Heart Association
Guidelines for Cardiopulmonary Resuscitation and Emer-
gency Cardiovascular Care,” Circulation, vol. 122, no. 3, pp.
S768–S786, 2010.

[113] J. H. Walters, P. T. Morley, and J. P. Nolan, “e role of
hypothermia in post-cardiac arrest patients with return of
spontaneous circulation: a systematic review,” Resuscitation,
vol. 82, no. 5, pp. 508–516, 2011.

[114] N. Nielsen, H. Friberg, C. Gluud, J. Herlitz, and J. Wetterslev,
“Hypothermia aer cardiac arrest should be further evalu-
ated—a systematic review of randomised trials with meta-
analysis and trial sequential analysis,” International Journal of
Cardiology, vol. 151, pp. 333–341, 2011.

[115] N. Nielsen, J. Wetterslev, and N. al-Subaie, “Target temperature
management aer out-of-hospital cardiac arrest—a random-
ized, parallel-group, assessor-blinded clinical trial—rationale
and design,” American Heart Journal, vol. 163, pp. 541–548,
2012.

[116] E. Herzog, J. Shapiro, E. F. Aziz et al., “Pathway for the
management of survivors of out-of-hospital cardiac arrest,”
Critical Pathways in Cardiology, vol. 9, no. 2, pp. 49–54, 2010.

[117] A. Abdel-Latif, R. Bolli, I. M. Tleyjeh et al., “Adult bone
marrow-derived cells for cardiac repair: a systematic review and
meta-analysis,” Archives of Internal Medicine, vol. 167, no. 10,
pp. 989–997, 2007.

[118] V. Schachiner, S. Erbs, A. Elsasser et al., “Intracoronary bone
marrow-derived progenitor cells in acute myocardial infarc-
tion,” e New England Journal of Medicine, vol. 355, pp.
1210–1221, 2006.

[119] A. R. Williams, B. Trachtenberg, D. L. Velazquez et al.,
“Intramyocardial stem cell injection in patients with ischemic
cardiomyopathy: functional recovery and reverse remodeling,”
Circulation Research, vol. 108, no. 7, pp. 792–796, 2011.

[120] B. Trachtenberg, D. L. Velazquez, A. R. Williams et al.,
“Rationale and design of the transendocardial injection of
autologous human cells (bone marrow or mesenchymal) in
chronic ischemic le ventricular dysfunction and heart failure
secondary to myocardial infarction (TAC-HFT) trial: a ran-
domized, double-blind, placebo-controlled study of safety and
efficacy,” American Heart Journal, vol. 161, no. 3, pp. 487–493,
2011.

[121] J. H. Traverse, T. D. Henry, D. E. Vaughn et al., “Rationale
and design for TIME: a phase II, randomized, double-blind,
placebo-controlled pilot trial evaluating the safety and effect
of timing of administration of bone marrow mononuclear cells
aer acute myocardial infarction,” American Heart Journal, vol.
158, no. 3, pp. 356–363, 2009.

[122] F. Cardarelli, A. Bellasi, F. S. Ou et al., “Combined impact
of age and estimated glomerular �ltration rate on in-hospital
mortality aer percutaneous coronary intervention for acute

myocardial infarction (from the American College of Cardiol-
ogy National Cardiovascular Data Registry),” American Journal
of Cardiology, vol. 103, no. 6, pp. 766–771, 2009.

[123] J. H. Lee, H. S. Park, S. C. Chae et al., “Predictors of six-
month major adverse cardiac events in 30-day survivors aer
acute myocardial infarction (from the Korea Acute Myocardial
Infarction Registry),” American Journal of Cardiology, vol. 104,
no. 2, pp. 182–189, 2009.

[124] S. Rasoul, J. P. Ottervanger, M. J. De Boer et al., “Predictors
of 30-day and 1-year mortality aer primary percutaneous
coronary intervention for ST-elevation myocardial infarction,”
Coronary Artery Disease, vol. 20, no. 6, pp. 415–421, 2009.

[125] M. Toma, C. E. Buller, C. M. Westerhout et al., “Non-culprit
coronary artery percutaneous coronary intervention during
acute ST-segment elevation myocardial infarction: insights
from the APEX-AMI trial,” European Heart Journal, vol. 31, no.
14, pp. 1701–1707, 2010.

[126] B. E. Jaski, J. D. Cohen, J. Trausch et al., “Outcome of
urgent percutaneous transluminal coronary angioplasty in
acute myocardial infarction: comparison of single-vessel versus
multivessel coronary artery disease,” American Heart Journal,
vol. 124, no. 6, pp. 1427–1433, 1992.

[127] G. N. Levine, E. R. Bates, J. C. Blankenship et al., “2011
ACCF/AHA/SCAI guidelines for percutaneous coronary inter-
vention: a report of the American College of Cardiology Foun-
dation/American Heart Association Task Force on practice
guidelines and the Society for Cardiovascular Angiography and
Intervention,” Journal of the American College of Cardiology, vol.
58, pp. e44–e122, 2011.

[128] R. Kornowski, R. Mehran, G. Dangas et al., “Prognostic
impact of staged versus “one-time” multivessel percutaneous
intervention in acute myocardial infarction: analysis from the
HORIZONS-AMI (Harmonizing Outcomes with Revascular-
ization and Stents inAcuteMyocardial Infarction) trial,” Journal
of the American College of Cardiology, vol. 58, no. 7, pp.
704–711, 2011.

[129] P. J. Vlaar, K. D. Mahmoud, D. R. Holmes et al., “Culprit vessel
only versus multivessel and staged percutaneous coronary
intervention for multivessel disease in patients presenting with
ST-segment elevation myocardial infarction: a pairwise and
network meta-analysis,” Journal of the American College of
Cardiology, vol. 58, no. 7, pp. 692–703, 2011.

[130] L. Politi, F. Sgura, R. Rossi et al., “A randomised trial of target-
vessel versus multi-vessel revascularisation in ST-elevation
myocardial infarction: major adverse cardiac events during
long-term follow-up,” Heart, vol. 96, no. 9, pp. 662–667, 2010.

[131] E. L. Hannan, Z. Samadashvili, G. Walford et al., “Culprit
vessel percutaneous coronary intervention versus multivessel
and staged percutaneous coronary intervention for ST-segment
elevation myocardial infarction patients with multivessel dis-
ease,” Cardiovascular Interventions, vol. 3, no. 1, pp. 22–31,
2010.

[132] P. A. L. Tonino,W. F. Fearon, B. De Bruyne et al., “Angiographic
versus functional severity of coronary artery Stenoses in the
FAME Study. Fractional �ow reserve versus angiography in
multivessel evaluation,” Journal of the American College of
Cardiology, vol. 55, no. 25, pp. 2816–2821, 2010.

[133] N. H. J. Pijls, W. F. Fearon, P. A. L. Tonino et al., “Fractional
�ow reserve versus angiography for guiding percutaneous
coronary intervention in patients with multivessel coronary
artery disease: 2-year follow-up of the FAME (Fractional Flow
Reserve versus Angiography for Multivessel Evaluation) study,”



Scienti�ca 13

Journal of the American College of Cardiology, vol. 56, no. 3, pp.
177–184, 2010.

[134] P. W. Serruys, Y. Onuma, J. A. Ormiston et al., “Evaluation
of the second generation of a bioresorbable everolimus drug-
eluting vascular scaffold for treatment of de novo coronary
artery stenosis: six-month clinical and imaging outcomes,”
Circulation, vol. 122, no. 22, pp. 2301–2312, 2010.

[135] S. Nishio, K. Kosuga, K. Igaki et al., “Long-term (>10 years)
clinical outcomes of �rst-in-human biodegradable poly-l-lactic
acid coronary stents: Igaki-Tamai stents,” Circulation, vol. 125,
pp. 2343–2353, 2012.

[136] G. G. Stefanini, R. A. Byrne, and P. W. Serruys, “Biodegradable
polymer drug-eluting stents reduce the risk of stent thrombosis
at 4 years in patients undergoing percutaneous coronary inter-
vention: a pooled analysis of individual patient data from the
ISAR-TST 3, ISAR-TEST 4, and LEADERS randomized trials,”
European Heart Journal, vol. 33, pp. 1214–1222, 2012.

[137] H. M. van Beusekom, G. Ertas, O. Sorop et al., “e Genous
endothelial progenitor cell capture stent accelerates stent re-
endothelialization but does not affect intimal hyperplasia in
porcine coronary arteries,” Catheterization and Cardiovascular
Interventions, vol. 79, pp. 231–242, 2012.

[138] H. Xu, K. T. Nguyen, E. S. Brilakis et al., “Enhanced endothe-
lialization of a new stent polymer through surface enhancement
and incorporation of growth factor-delivering microparticles,”
Journal of Cardiovascular Translational Research, vol. 5, pp.
519–527, 2012.

[139] M. Francone, C. Bucciarelli-Ducci, I. Carbone et al., “Impact
of primary coronary angioplasty delay on myocardial salvage,
infarct size, and microvascular damage in patients with ST-
segment elevation myocardial infarction. Insight from cardio-
vascular magnetic resonance,” Journal of the American College
of Cardiology, vol. 54, no. 23, pp. 2145–2153, 2009.

[140] I. Eitel, S. Desch, G. Fuernau et al., “Prognostic signi�cance and
determinants of myocardial salvage assessed by cardiovascular
magnetic resonance in acute reperfusedmyocardial infarction,”
Journal of the American College of Cardiology, vol. 55, no. 22, pp.
2470–2479, 2010.

[141] G.W. Stone, S. R. Dixon, C. L. Grines et al., “Predictors of infarct
size aer primary coronary angioplasty in acute myocardial
infarction from pooled analysis from four contemporary trials,”
American Journal of Cardiology, vol. 100, no. 9, pp. 1370–1375,
2007.

[142] J. Fang, C. Gillespie, N. L. Keenan, and K. J. Greenlund,
“Awareness of heart attack symptoms among US adults in
2007, and changes in awareness from 2001 to 2007,” Future
Cardiology, vol. 7, no. 3, pp. 311–320, 2011.

[143] I. Kirchberger, M. Heier, B. Kuch, R. Wende, and C. Meisinger,
“Sex differences in patient-reported symptoms associated with
myocardial infarction (from the population-based MON-
ICA/KORAMyocardial Infarction Registry),”American Journal
of Cardiology, vol. 107, no. 11, pp. 1585–1589, 2011.

[144] I. Kirchberger, M. Heier, R. Wende et al., “e patient’s
interpretation of myocardial infarction symptoms and its role
in the decision process to seek treatment: the MONICA/KORA
Myocardial Infarction Registry,” Clinical Research in Cardiol-
ogy. In press.

[145] J. Herrin, L. E.Miller, D. F. Turkmani et al., “Health care reform.
National performance on door-in to door-out time among
patients transferred for primary percutaneous coronary inter-
vention,” Archives of Internal Medicine, vol. 171, pp. 1879–1886,
2011.

[146] P. W. Serruvs, M. C. Morice, A. P. Kappetein et al., “Percu-
taneous coronary intervention versus coronary-artery bypass
graing for severe coronary artery disease,” New England
Journal of Medicine, vol. 360, no. 10, pp. 961–972, 2009.

[147] S. J. Park, Y. H. Kim, D. W. Park et al., “Randomized trial
of stents versus bypass surgery for le main coronary artery
disease,” New England Journal of Medicine, vol. 364, no. 18, pp.
1718–1727, 2011.

[148] M. S. Lee, D. Sillano, A. Latib et al., “Multicenter international
registry of unprotected le main coronary artery percutaneous
coronary intervention with drug-eluting stents in patients
with myocardial infarction,” Catheterization and Cardiovascu-
lar Interventions, vol. 73, no. 1, pp. 15–21, 2009.

[149] E. F. Aziz, F. Javed, and S. Pulimi, “Implementing a pathway
for the management of acute coronary syndrome leads to
improved compliance with guidelines and a decrease in angina
symptoms,” Journal for Healthcare Quality, vol. 10, pp. 22–28,
2011.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


