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This focus seminar will take the reader through the history and pivotal trials that have formed the current state-of-the-

art management for acute coronary syndromes. The identification of a ruptured plaque with thrombus formation and

subsequent occlusion or downstream embolization in the coronary artery was the key to developing new and effective

treatment strategies. The traditional wait-and-see approach with prolonged bedrest was replaced in the 1980s by

immediate pharmacological reperfusion of the occluded coronary artery and long-term aspirin to prevent reinfarction.

Mechanical reperfusion with percutaneous coronary intervention with stenting and more intense platelet inhibition with

P2Y12 inhibitors further improved outcomes from early 2000s. Adjunctive treatment regimens, including anticoagulants,

statins, and neurohormonal inhibition, were found to further reduce mortality and prevent new infarctions. Taken

together, the use of new combined pharmacological and interventional treatment strategies has led to a remarkable

decrease in 1-year mortality from around 22% in 1995 to around 11% by 2014. (J Am Coll Cardiol 2019;74:1618–36)

© 2019 by the American College of Cardiology Foundation.
D uring the last 3 decades, the development
of treatment in acute myocardial infarc-
tion (MI) management has been remark-

able, with the introduction of a large number of
new treatments leading to amazing improvements
in outcomes with a more than halving in 1-year
mortality (Figure 1). In the 1950s and 1960s, a heart
attack was associated with an in-hospital mortality
of up to 30% (1), whereas today the in-hospital
mortality is about 3% to 8% (2–4). This change has
been accomplished by better understanding the
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underlying pathophysiology and providing evidence
for the efficacy of new treatment concepts in large-
scale prospective randomized clinical trials
(Figure 2, Table 1) (5–9). The aim of this paper is
to give a historic perspective on the underlying dis-
coveries and pivotal trials that have been the foun-
dation of the key changes of pharmacological and
interventional treatment of MI leading to the dra-
matic improvement of prognosis in patients with
MI during the last 3 decades (Figures 1 and 2,
Central Illustration).
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HIGHLIGHTS

� The adoption of new efficient treatments
in the last decades has decreased in-
hospital mortality in ACS from 30% to 3%
to 8% today.

� Over the last 20 years, the 1-year
mortality has been halved from around
22% to 11%.

� Improvements are based on imple-
mentation of results from large-scale
randomized clinical outcomes trials,
which tested each new treatment
approach 1-by-1.

� Continued research is needed to identify
new treatment targets and effective
regimens to further improve outcomes.

AB BR E V I A T I O N S

AND ACRONYM S

ACS = acute coronary

syndrome

DOAC = direct oral

anticoagulant

GP = glycoprotein

LMWH = low molecular weight

heparin

MI = myocardial infarction

NSTEMI = non–ST-segment

elevation myocardial infarction

PCI = percutaneous coronary

intervention

STEMI = ST-segment elevation

myocardial infarction

tPA = tissue plasminogen

activator
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FROM BEDREST TO TREATMENT AND

PREVENTION OF VENTRICULAR

ARRHYTHMIAS IN THE 1960s

Until the 1960s, the mainstay of therapy for acute MI
was prolonged bedrest and reduction of excessive
physical activity. The patient was allowed to shower
on his own on the 10th day of the hospital stay and, if
surviving, commonly not discharged from the hos-
pital until after 4 to 6 weeks (10). The medical
treatment options were limited to morphine, oxygen,
digitalis, and diuretics, most of which treatments
today are known to be hazardous or, at best, inef-
fective. Without any treatment to reduce the
myocardial ischemia and necrosis, severe and
potentially fatal arrhythmias were common. In the
early 1960s, the first coronary care units were
established where patients with an acute MI were
continuously monitored, allowing cardiac arrhyth-
mias to be promptly identified and treated. Thereby,
immediate defibrillation of ventricular fibrillation
contributed to reduce in-hospital mortality from
around 30% to 15% (1,11), although the effects on
long-term outcomes were questionable. Without a
treatment to reduce MI size and associated severe
complications, such as cardiac rupture, pericarditis,
cardiogenic shock, and sudden death by late ven-
tricular arrhythmias, the mortality remained high
and long-term incapacity, by heart failure and angina
pectoris were common. The focus on prevention of
ventricular fibrillation by trying to reduce frequent
ventricular ectopic beats by long-term treatment
with antiarrhythmic agents might even have
increased the mortality (12,13).
INTRODUCTION OF BETA-BLOCKADE

IN MI IN THE 1970s

Until the 1970s, MI treatment focused on
avoiding fall in blood pressure and bradyar-
rhythmias as well as tachyarrhythmias.
Therefore, any treatment that might risk
reducing blood pressure and slowing the
heart rate, such as beta-blockade and vaso-
dilatation by nitroglycerin, was generally
avoided and even terminated on admission to
the coronary care unit. Although the concept
of reducing myocardial oxygen demand and
increasing oxygen supply was attractive,
beta-blockade and nitroglycerin was first
used to reduce angina pectoris and ischemia.
It was not until after the first successful ran-
domized trials that beta-blockade could be

introduced as a protective treatment in patients with
acute MI, who did not have concomitant heart failure,
low blood pressure, or slow heart rate (14). However,
it took another 2 decades before it was realized that
beta-blockade, if introduced at low doses, was espe-
cially useful in patients with heart failure (15).
Thereafter, immediate beta-blockade in acute MI has
been recommended to reduce chest pain, infarct size,
heart failure, ventricular and supraventricular ar-
rhythmias, and sudden death. However, in the cur-
rent time, with several other treatments contributing
to the same goals, it is even questioned if beta-
blockade should remain a long-term routine treat-
ment in patients after uncomplicated MI (16).

THE REDISCOVERY OF CORONARY

THROMBOSIS AND DIFFERENT TYPES OF

MI IN THE 1980s

In the 1960s and 1970s, there was a controversy
whether findings of coronary clots at autopsy were
the cause or a consequence of MI. It was not until the
live demonstration of coronary thrombosis and its
recanalization by thrombolysis at coronary angiog-
raphy that the cardiology community became
convinced of its importance for acute MI (17–19). At
the same time, a few pathologists convincingly
showed that the majority of MI are caused by plaque
erosion or rupture, thrombus formation, permanent
or transient obstruction of coronary blood flow,
and/or downstream embolization leading to myocar-
dial injury (17–22). The importance of the concept of
instability in coronary artery disease was recognized.
The main clinical manifestations of the unstable le-
sions were later summarized as ST-segment elevation
myocardial infarction (STEMI) caused by a total



FIGURE 1 In-Hospital Treatments and 1-Year Clinical Outcomes in Patients With Acute Myocardial Infarction in Sweden Between

1995 and 2014
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Data from the national registry in Sweden (The Swedish Web-system for Enhancement and Development of Evidence-based care in Heart

disease Evaluated According to Recommended Therapies [SWEDEHEART]), which included all acute coronary syndromes, their treatments,

and simultaneously, clinical outcomes in Sweden registered between 1995 and 2014, is presented for ST-segment and non-ST-segment

elevation myocardial infarctions. Adapted figures published with permission from European Heart Journal (3,4). ACE¼ angiotensin-converting

enzyme; ARB ¼ angiotensin-receptor blocker; CABG ¼ coronary artery bypass grafting; NSTEMI ¼ non-ST-segment elevation myocardial

infarction; PCI ¼ percutaneous coronary intervention; STEMI ¼ ST-segment elevation myocardial infarction.

Continued on the next page
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FIGURE 1 Continued
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FIGURE 2 Landmark Studies in Acute Coronary Syndromes
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A summary of landmark studies that changed clinical management of acute coronary syndromes between 1988 and 2018. For details of the included studies, see

Table 1. ACS ¼ acute coronary syndrome; ASA ¼ aspirin; CCU ¼ coronary care unit; G ¼ glycoprotein; I.v. ¼ intravenous; LMWH ¼ low molecular weight heparin;

NSTEACS ¼ non-ST-segment elevation acute coronary syndrome; PTCA ¼ percutaneous transluminal coronary artery; SK ¼ streptokinase; tPA ¼ tissue plasminogen

activator; other abbreviations as in Figure 1.
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occlusion of a coronary artery (17–20) and non–ST-
segment elevation myocardial infarction (NSTEMI)
related to a severe thrombotic stenosis with tempo-
rary occlusions, downstream embolization, and/or
total occlusion to an area protected by pre-
established collateral blood supply (21,22). Based on
the possibility to identify these conditions by dy-
namic electrocardiography changes and elevation of
biomarkers of myocardial injury (troponin), opti-
mized strategies of treatments of each acute condi-
tion have been developed (5–9).

REPERFUSION TREATMENT OF

ACUTE STEMI STARTED IN THE 1980s

By the end of the 1970s, the first successful results of
recanalization of occluded coronary arteries with
intracoronary fibrinolysis with streptokinase in pa-
tients with STEMI were reported (17,19). Around the
same time, the first placebo-controlled randomized
trial of intravenous fibrinolysis was published, in
which 315 patients were assigned to either strepto-
kinase or control group. The streptokinase-treated
group had a halved 6-month mortality (from 30.6%
to 15.6%; p ¼ 0.01) (23). The first large-scale trial
definitely documenting the efficacy of intravenous
streptokinase compared with placebo was the GISSI
(Gruppo Italiano per lo Studio della Streptochinasi
nell’Infarto Miocardico) trial published in 1986 of
11,712 patients with STEMI, which showed that the
21-day mortality was reduced from 13.0% to 10.7%
(hazard ratio [HR]: 0.81; p < 0.0002), with the
largest effects when therapy was started within 6 h
after onset of pain (24) (Figure 2, Table 1). In 1988,
there was a second breakthrough with the publica-
tion of the ISIS-2 (International Study of Infarct
Survival Collaborative Group) (25), which verified
the efficacy of streptokinase and added information
on the incremental effects of aspirin. In a 2 � 2
factorial design including 17,187 patients with STEMI
included within 24 h of symptom onset, the ISIS-2
trial showed that the 5-week mortality was lowered
from 11.8% to 9.4% by aspirin alone (at a dose of
160 mg once daily), from 12.0% to 9.2% by strepto-
kinase alone, and from 13.2% to 8.0% by the com-
bination of both treatments. In addition, the patients
treated with the combination also had a lower inci-
dence of stroke and reinfarctions, although there
was a small increase in cerebral hemorrhages. The
results of this study further emphasized the impor-
tance of the time to start of treatment and that more
lives were saved when the treatment was started
earlier.

More fibrin-specific drugs than streptokinase, used
together with adjunctive anticoagulants, were grad-
ually developed and shown to be more efficient in
lysing the thrombus, achieving an open artery, and
lowering mortality. The major trial comparing the
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efficacy and safety of the first- with the second-
generation thrombolytics was the GUSTO (Global
Utilization of Streptokinase and Tissue Plasminogen
Activator for Occluded Arteries) trial, which included
41,021 patients with STEMI within 6 h of symptom
onset. The results showed that tissue plasminogen
activator (tPA) combined with intravenous heparin
given for 48 h had a lower 30-day mortality (6.3% vs.
7.2%; p < 0.001) compared with streptokinase com-
bined with either adjunctive subcutaneous or intra-
venous heparin (26). However, the incidence of
hemorrhagic stroke was higher with tPA than with
streptokinase (0.72% vs. 0.49%; p ¼ 0.003).

The importance of obtaining an open coronary ar-
tery in the shortest possible time was highlighted in
the angiographic substudy of the GUSTO trial (27).
A patent infarct-related artery at 90 min was higher
(81%) with tPA than streptokinase (54% to 60%),
although long-term patency and late reocclusion
rates were similar. Later studies with pre-hospital
thrombolysis showed that shortening the time to
opening of the occluded artery further reduced mor-
tality (28,29). Currently, there are 4 commercially
available fibrinolytic agents (streptokinase, alteplase
[tPA], tenecteplase, and reteplase). Tenecteplase is
preferred in the current European Society of Cardi-
ology 2017 STEMI guidelines 2017 (9) due to its ease of
intravenous administration as a single weight- and
age-adjusted dose, lower risk of noncerebral bleeds,
and less need for blood transfusion than the alterna-
tives (30).

OPENING THE CORONARY ARTERIES AND

KEEPING THEM OPEN IN STEMI BY

PRIMARY PCI

Coronary angiography with balloon angioplasty was
introduced for the treatment of stable angina in 1977
by the German cardiologist Andreas Gruentzig (31,32).
However, the advantages of percutaneous coronary
intervention (PCI) in patients with an acute MI
compared with fibrinolytic therapy remained uncer-
tain in the early smaller trials (33). The breakthrough
came in 1993 when the PAMI (Primary Angioplasty in
MI) Group (34) showed in 395 randomly assigned
patients with STEMI that PCI versus tPA had sub-
stantially lower in-hospital reinfarction/mortality
rate (5.1% vs. 12.0%; p ¼ 0.02), which difference was
sustained at 6 months (16.8% vs. 8.5%; p ¼ 0.02). In
addition, the rate of intracranial hemorrhage was
substantially lowered (0% vs. 2.0%; n ¼ 32; p ¼ 0.05).
The PCI technique with balloon angioplasty was
simultaneously further improved by the routine use
of bare-metal stents. In 1988, the Zwolle stent study
(35) in 227 randomized patients with STEMI showed
that at 6 months, stent implantation was associated
with a lower number of overall cardiac events than
balloon angioplasty (5% vs. 20%; p ¼ 0.012), mainly
because of fewer MIs and target vessel re-
vascularizations. In 2003, the DANAMI-2 (Danish
Multicenter Randomized Study on Fibrinolytic Ther-
apy versus Acute Coronary Angioplasty in Acute
Myocardial Infarction) (36) trial, which randomized
1,572 patients with STEMI, showed that both patients
randomized at distant and in primary PCI centers had
similar large benefits with primary PCI versus tPA.
Finally, the Swedish National Coronary Care Unit
Registry data in 2006 also indicated that when
compared with pre-hospital thrombolysis, there was a
reduction in mortality with primary PCI regardless of
the transportation time (37). Based on this evidence,
primary PCI has become the preferred reperfusion
treatment for all patients with STEMI who can reach
an invasive center within 120 min after start of chest
pain (5,9).

Early reperfusion is overall beneficial and de-
creases MI size, left ventricular remodeling, and
death. Yet, experimental studies have shown that
some cardiomyocytes in the infarct area that were
viable at the time of reperfusion later undergo
apoptosis and die, a process called “reperfusion
injury.” Experimental models to inhibit apoptosis
could reduce infarct size (38); yet, in 1 clinical study
with 970 acute STEMI patients who were randomly
assigned to cyclosporine intravenously or placebo,
there was no effect on clinical endpoints such as
death and heart failure within 1 year (39). Another
strategy to reduce reperfusion injury by inducing
ischemia remotely in skeletal muscle, which was
studied in 1,612 randomly assigned patients under-
going coronary bypass artery grafting surgery, did not
reduce a combination of cardiovascular endpoints at
12 months (40).

PLATELET INHIBITION WITH

ASPIRIN IN NSTEMI

In the 1970s, several studies had indicated that
aspirin might prevent ischemic events in patients
with prior cardiovascular disease. In the early 1980s,
it was shown that aspirin exerts its antithrombotic
effect by inhibiting thromboxane A2-mediated
platelet aggregation and that low doses of aspirin
might provide the same antithrombotic effects as the
previously tested high doses (41). In the early 1980s, a
VA cooperative study randomized 1,266 men with
unstable angina but without an MI and showed that
aspirin 350 mg once daily compared with placebo



TABLE 1 Key Trials That Changed the Concept of Treatment of Patients With Acute Coronary Syndrome Between 1986 and 2018

Year Trial (Ref. #) Type of MI N Treatment Main Result

1986 GISSI (24) STEMI 11,806 iv streptokinase vs. placebo within 12 h of
symptom onset

Mortality at 21 days with treatment was lowered to 10.7% from
13.0% (RR: 0.81; p ¼ 0.0002)

1988 ISIS-2 (25) STEMI 17,187 2 � 2 factorial design:
1. 1-h infusion of iv streptokinase 1.5 MU
2. Aspirin 160 mg
3. Combination of aspirin and streptokinase
4. Placebo

5-week vascular mortality was lowered;
1. From 12.0% to 9.2% by streptokinase alone vs. placebo
2. From 11.8% to 9.4% by aspirin alone vs. placebo
3. From 13.2% to 8.0% with the combination of aspirin and

streptokinase compared with placebo

1990 RISC (44,45) Unstable angina/
NSTEACS

796 2 � 2 factorial design:
1. Aspirin 75 mg vs. Placebo for 1 yr
2. And/or in-hospital intermittent iv heparin vs.

Placebo for 5 days

Risk of MI/death decreased with aspirin vs. Placebo starting
already at day 5 (2.5% vs. 5.8%; RR: 0.43; 95% CI: 0.21–
0.91; p ¼ 0.033), continued at 1 month (4.3% vs. 13.4%; RR:
0.31; 95% CI: 0.18–0.53; p < 0.0001), at 3 months (6.5%
vs. 17.1%; RR: 0.36; 95% CI: 0.23–0.57; p < 0.0001), and
still present after 1 yr (11.0% vs. 21.4%; RR: 0.52; 95% CI:
0.37 to 0.72; p < 0.0001).

Heparin compared with placebo reduced MI/death by 75%
during the 5 days of treatment but the effect was not
sustained thereafter.

1993 GUSTO (26) STEMI 41,021 Four parallel arms:
1. iv streptokinase þ sc heparin
2. iv streptokinase þ iv heparin
3. Accelerated tPA þ iv heparin
4. streptokinase þ tPA þ iv heparin

30-day mortality was in the streptokinase with sc heparin/iv
heparin 7.2%/7.4%, accelerated tPA þ iv heparin 6.3%, and
the combination of iv streptokinase/tPA/iv heparin was
7.0%. Mortality with tPA þ iv heparin compared with any
streptokinase regimen (6.3% vs. 7.2%–7.4%; RR: 0.86;
95% CI: 0.79–0.94; p ¼ 0.001). Hemorrhagic stroke
occurred in 0.49%, 0.54%, 0.72%, and 0.94%. Overall, the
combined endpoint of death/disabling stroke was lowest
with accelerated tPA compared with any streptokinase
regimen (6.9% vs. 7.8%; p ¼ 0.006).

1993 PAMI (34) STEMI 395 Primary PCI (without stent) vs. tPA In-hospital death with PCI vs. tPA was 2.6% vs. 6.5%
(p ¼ 0.06), whereas in-hospital reinfarction/death was 5.1%
vs. 12.0% (p ¼ 0.02). The lower 6-month re-infarction/
death rate with PCI persisted at 6 months (8.5% vs. 16.8%;
p ¼ 0.02).

In-hospital intracranial hemorrhage with PTCA vs. tPA was
lower (0% vs. 2.0%; p ¼ 0.05).

1996 FRISC-1 (62) Unstable angina/
NSTEACS

1,506 Sc dalteparin high dose bid vs. placebo for 6 days.
Sc dalteparin lower dose od vs. placebo
for 35–45 days

Death/new myocardial infarction was lower with dalteparin
compared with placebo, at 6 days 1.8% vs. 4.8% (RR: 0.37;
95% CI: 0.20–0.68; p < 0.001). At 40 days death/MI was
8.0% vs. 10.7% (RR: 0.75; 95% CI: 0.54–1.03; p ¼ 0.07)
and death/MI/recurrent angina 18.0% vs. 23.7% (HR: 0.76;
95% CI: 0.62–0.92; p ¼ 0.005).

1997 ESSENCE (64) NSTEACS 3,171 Randomized to 2 active treatment for 48 h
to maximum 8 days:

1. Sc enoxaparin bid
2. iv heparin

At 30 days, death/MI/recurrent angina was lower in the
enoxaparin group vs. heparin (19.8% vs. 23.3%; OR: 0.81;
95% CI: 0.68–0.96; p ¼ 0.016). The risk of major bleeding
was similar (6.5% vs. 7.0%; p ¼ 0.57).

1997 CAPTURE (92) NSTEACS 1,266 Intravenous infusion of abciximab or placebo for
18–24 h before PCI and continued 1 h after.

At 30 days, death/MI/urgent coronary intervention was reduced
with abciximab (11.3% vs. 15.9%; p ¼ 0.012), primarily
achieved by a reduction in new myocardial infarction
(4.8% vs. 9.0%; p ¼ 0.003).

The rate of major bleeding increased in the abciximab treated
group (3.8% vs. 1.9%; p ¼ 0.043).

1998 Zwolle trial on
primary
stenting (35)

STEMI 227 Primary stenting of the infarct-related artery vs.
balloon angioplasty (PTCA)

At 6 months, the stent compared with the PTCA group had a
lower number of overall cardiac events (95% vs. 80%;
p ¼ 0.012). The rate was lower for myocardial infarction (1%
[n ¼ 1] vs. 7% [n ¼ 8]; p ¼ 0.036) and target vessel
revascularization (4% [n¼ 8] vs. 17% [n ¼ 19]; p¼ 0.0016).
Overall mortality for the included patients was 2% (n ¼ 5).

1999 FRISC-II (47–49) NSTEACS 2,457 In-hospital invasive treatment strategy compared
with a primarily noninvasive management

At 12 months, death/new myocardial infarction with invasive
therapy was reduced to 10.4% vs. 14.1% (RR: 0.74; 95% CI:
0.60–0.92; p ¼ 0.005) and death alone to 2.2% from 3.9%
(RR: 0.57; 95% CI: 0.36–0.90; p ¼ 0.005). The effects have
been shown to be maintained up to 15 yrs.

2001 CURE (52) NSTEACS 12,562 Clopidogrel or placebo initiated within 24 h
of symptom onset and maintained for
3–12 months

At 12 months, cardiovascular death/new MI/stroke was lower in
the clopidogrel group (9.3% vs. 11.4%; RR: 0.80; 95% CI:
0.72–0.90; p < 0.001) and major bleeding rate was higher
(3.7% vs. 2.7%; RR: 1.38; p ¼ 0.001).

2003 DANAMI-2 (36) STEMI 1,572 PCI with transportation vs. iv alteplase At 30 days, the rate of death/reinfarction/disabling stroke was
lower with primary PCI compared with iv alteplase both with
transportation (8.5% vs. 14.2%; OR: 0.56; 95% CI: 0.38–
0.81; p ¼ 0.002) and at invasive centers (6.7% vs. 12.3%;
OR: 0.52; 95% CI: 0.27–1.00; p ¼ 0.05).

Continued on the next page

Szummer et al. J A C C V O L . 7 4 , N O . 1 2 , 2 0 1 9

Historical Advances in Acute Coronary Care S E P T E M B E R 2 4 , 2 0 1 9 : 1 6 1 8 – 3 6

1624



TABLE 1 Continued

Year Trial (Ref. #) Type of MI N Treatment Main Result

2005 CLARITY–TIMI-28
(53)

STEMI 3,491 Clopidogrel (300 mg bolus followed by
75 mg od) or placebo in patients treated with
fibrinolysis and scheduled for PCI between
48 and 192 h after study medication

In-hospital rate of death/new myocardial infarction/occluded
infarct-related artery was lower with clopidogrel compared
with placebo (15.0% vs. 21.7%; OR: 0.64; 95% CI: 24–47;
p < 0.001). At 30 days, CV death/recurrent myocardial
ischemia/urgent revascularization was lower with
clopidogrel (11.6% vs. 14.1%; OR: 0.80; 95% CI: 0.65–0.97;
p ¼ 0.03).

2006 OASIS-5 (72) NSTEACS 20,078 Double-blind, double-dummy design:
Sc fondaparinux 2.5 mg vs. sc enoxaparin bid up

to 8 days (average 6 days)

At 9 days, the rate of death/new MI/refractory ischemia was
similar in both treatment groups (5.8%; HR: 1.01; 95% CI:
0.90–1.13) and rate of major bleeding was lower (2.2% vs.
4.1%; HR: 0.52; 95% CI: 0.44–0.61; p < 0.001) with
fondaparinux compared with enoxaparin.

The rate of death/MI/stroke was lower with fondaparinux at
30 days (6.7% vs. 7.5%; HR: 0.85; 95% CI: 0.80–0.98;
p ¼ 0.02) and at 180 days (11.3% vs. 12.5%; HR: 0.89;
95% CI: 0.82–0.97; p ¼ 0.007).

2006 OASIS-6 (74) STEMI 12,092 Double-blind design:
Sc fondaparinux 2.5 mg or placebo for 9 days
2 strata; 1) placebo for the entire treatment

period; or 2) UFH for 48 h followed by placebo

At 30 days the rate of death/reinfarction was lower with
fondaparinux compared with placebo (9.7% vs. 11.2%; HR:
0.86; 95% CI: 0.77–0.96; p ¼ 0.008). The rate of death/
reinfarction was lower already at 9 days (7.4% vs. 8.9%; HR:
0.83; 95% CI: 0.730.94; p ¼ 0.003) and persisted at
180 days (13.4% vs. 14.8%; HR: 0.88; 95% CI: 0.79-0.97;
p ¼ 0.008).

Among patients treated with primary PCI, death/reinfarction
rate was similar with fondaparinux and placebo at 30 days
(5.1% vs. 6.1%; HR: 1.20; 95% CI: 0.91–1.57; p ¼ 0.19), and
remained nonsignificant both at 9 and 180 days.

2007 TRITON-TIMI-38
(55)

ACS-PCI 13,608 Double-blind, 2 active treatment arms:
Prasugrel (60 mg bolus þ 10 mg od) or

clopidogrel (300 bolus mg þ 75 mg od) for
6–15 months

At 6–15 months, the rate of CV death/MI/stroke was lower with
prasugrel (9.9% vs. 12.1%; HR: 0.81; 95% CI: 0.73–0.90;
p < 0.001).

Major bleeding events were higher with prasugrel (2.4% vs.
1.8%; HR: 1.32; 95% CI: 1.03–1.68; p ¼ 0.03), including
more fatal bleeding (0.4% [n ¼ 21] vs. 0.1% [n ¼ 5]; HR:
4.19; 95% CI: 1.58–11.11; p ¼ 0.002). Intracranial bleeding
was similar (0.3% [n ¼ 19] vs. 0.3% [n ¼ 17]; HR: 1.12;
95% CI: 0.58–2.15; p ¼ 0.74).

2009 PLATO (56) ACS 18,624 Double-blind, double-dummy design.
Ticagrelor (loading dose 180 mg, followed by

90 mg bid) or clopidogrel (loading dose
300–600 mg, maintenance dose 75 mg od)
for 6–12 months (median 9 months)

At 6–12 months, vascular death/MI/stroke was lower in the
ticagrelor group (9.8% vs. 11.7%; HR: 0.84; 95% CI: 0.77–
0.92; p < 0.001).

Nonprocedure-related major bleeding was higher with
ticagrelor (4.5% vs. 3.8%; HR: 1.19; 95% CI: 1.19-1.38;
p ¼ 0.03), including more fatal intracranial bleedings but
fewer other fatal bleedings.

CI ¼ confidence interval; CLARITY–TIMI-28 ¼ Clopidogrel as Adjunctive Reperfusion Therapy–Thrombolysis In Myocardial Infarction 28; CURE ¼ Clopidogrel in Unstable Angina to Prevent Recurrent Events;
ESSENCE¼ Efficacy and Safety of Subcutaneous Enoxaparin in Non-Q-Wave Coronary Events; FRISC¼ Fast Revascularisation during InStability in Coronary artery disease; GISSI¼ Gruppo Italiano per lo Studio
della Streptochinasi nell’Infarto Miocardico; GUSTO ¼ Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded Arteries; ISIS-2 ¼ International Study of Infarct Survival Collaborative
Group; iv ¼ intravenous; NSTEACS ¼ non–ST-segment elevation acute coronary syndrome; NSTEMI ¼ Non–ST-Segment Elevation Myocardial Infarction; OASIS ¼ Organization to Assess Strategies in Acute
Ischemic Syndromes; od¼ once daily; OR¼ odds ratio; PAMI¼ Primary Angioplasty in MI; PCI¼ percutaneous coronary intervention; PLATO¼ A Comparison of Ticagrelor (AZD6140) and Clopidogrel in Patients
With Acute Coronary Syndrome; PTCA ¼ percutaneous transluminal coronary angioplasty; RR ¼ risk ratio; sc ¼ subcutaneous; STEMI ¼ ST-segment elevation myocardial infarction; tPA ¼ tissue-plasminogen
activator; TRITON-TIMI ¼ TRial to assess Improvement in Therapeutic Outcomes by optimizing platelet InhibitioN with prasugrel–Thrombolysis In Myocardial Infarction; USA ¼ unstable angina.
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halved the risk of death or MI during 3-month follow-
up (42). In mid-1980s, a Canadian study randomizing
555 patients with unstable angina confirmed that very
high doses of aspirin (1,400 mg daily) compared with
placebo halved the 2-year risk of a new MI or death
(43). However, the doses providing an adequate bal-
ance between efficacy and safety in different clinical
settings were unknown. Finally, the RISC study a few
years later showed the same protective effect at bet-
ter safety when randomizing 796 men with NSTEMI to
a very low dose aspirin, 75 mg daily, versus placebo
(44,45). Simultaneously, the ISIS-2 trial showed that a
low dose of aspirin, 160 mg/day, also provided a
substantial benefit in patients with STEMI (25). By the
end of the 1980s, the meta-analyses of the aspirin
trials clearly showed that aspirin treatment reduced
vascular mortality by 15% and new MI/stroke by 30%
in patients with any type of vascular diseases
regardless of dose (46). Therefore, low dose aspirin 50
to 100 mg daily is today the standard of care in pa-
tients with or after acute MI (5,6,8,9).

EARLY REVASCULARIZATION IN

UNSTABLE ANGINA AND NSTEMI

Most patients with unstable angina/NSTEMI have
an underlying thrombotic stenosis based on a
ruptured atherosclerotic plaque with a superimposed
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thrombotic process leading to transient occlusion,
severe stenosis, and/or downstream embolization.
This unstable lesion is associated with a high risk of
progression with new MI and death, even if the
symptoms of chest pain subside (20–22). Despite the
lack of evidence from randomized trials in the 1990s,
coronary revascularization was often performed in
these patients because of signs of ischemia at
pre-discharge exercise testing, but without definite
proof of reduction in death or reinfarction. It was not
until 1999, when the results from the FRISC-II (Fast
Revascularisation during InStability in Coronary ar-
tery disease-II) study (47) were available that there
was definite evidence that the use of a routine
in-hospital invasive strategy in unstable angina/
NSTEMI patients was associated with a substantially
lower rate of MI/death. The FRISC-II trial randomized
2,457 patients with non–ST-segment elevation acute
coronary syndrome (ACS) to an early invasive versus
a conservative strategy and showed a reduction in MI/
death at 6 months (9.4% vs. 12.1%; p ¼ 0.031) that
persisted at 1 year (10.4% vs. 14.1%; p ¼ 0.005) (48).
At the reanalysis after 15 years of follow-up, and
despite a high proportion of crossovers from medical
to invasive treatment over time, the assignment to
early invasive therapy was associated with 18 months
longer time to a new MI and 37 months longer to the
need of any new hospitalization (49). The favorable
results of an early invasive therapy compared with a
selective invasive strategy among NSTEMI patients
were later confirmed in the TACTICS–TIMI-18 (Treat
Angina with Aggrastat and Determine Cost of
Therapy with an Invasive or Conservative Strategy–
Thrombolysis In Myocardial Infarction 18) trial (50)
and the RITA-3 (Randomized Intervention Trial of
unstable Angina 3) (51). Based on these studies, an
early invasive treatment became the preferred
approach in intermediate- to high-risk patients with
unstable angina/NSTEMI from the early 2000s (6,8).
DUAL ANTIPLATELET THERAPY (IN STEMI AND

NSTEMI). The risk of rethrombosis and coronary le-
sions is higher in the presence of more thrombotic
material at the coronary lesion, as in patients with
STEMI and NSTEMI. Already, at the start of PCI with
stenting, it was established that the treatment needed
to be combined with more intense platelet inhibition
with a combination of aspirin and a P2Y12 receptor
inhibitor to avoid the risk of stent thrombosis, which
is even higher at intervention of thrombotic lesions.
The first clinically effective P2Y12 inhibitor was the
thienopyridine ticlopidine, which provided long-term
platelet inhibition by irreversibly binding to the P2Y12

receptor, but unfortunately was associated with a risk
of bone marrow suppression. The second-generation
thienopyridine, clopidogrel, does not have this side
effect, and its efficacy and safety were established in
the CURE (Clopidogrel in Unstable Angina to Prevent
Recurrent Events) trial published in 2001. This trial
randomized 12,562 patients with unstable angina/
NSTEMI to clopidogrel versus placebo, and showed a
20% relative reduction in the risk of cardiovascular
death/MI/stroke to 9.3% from 11.4% (p < 0.001), with
a simultaneous increase in the risk of major bleeding
to 3.7% from 2.7% (p ¼ 0.001) during 3 to 12 months
(median 9 months) of treatment in addition to aspirin
(52). These results led to clopidogrel for many years
being the standard antiplatelet treatment together
with aspirin in patients with NSTEMI. In 2005, 2 trials
confirmed beneficial results with clopidogrel in pa-
tients with STEMI (53,54). The CLARITY–TIMI-28
(Clopidogrel as Adjunctive Reperfusion Therapy–
Thrombolysis In Myocardial Infarction 28) trial ran-
domized 3,491 fibrinolysis-treated patients with
STEMI to adjuvant treatment with clopidogrel or
placebo in addition to aspirin, and showed a lower
rate of infarct-related coronary occlusion at angiog-
raphy and lower cardiovascular death/MI/recurrent
ischemia at 30 days (14.1% in clopidogrel treated vs.
11.6% in placebo treated; p ¼ 0.03) (53). COMMIT
(ClOpidogrel and Metoprolol in Myocardial Infarction
Trial) (54) randomized 45,852 patients with STEMI, of
whom about 54% were treated with fibrinolytics, to
clopidogrel or placebo for a mean of 15 days and
showed a lower rate of death/reinfarction/stroke
(9.2% vs. 10.1%; p ¼ 0.002) and all-cause death (7.5%
vs. 8.1%; p ¼ 0.03).

Currently, 2 third-generation P2Y12 inhibitors,
prasugrel and ticagrelor, are available, which both
provide more rapid, intense, and consistent platelet
inhibition than clopidogrel. The third-generation
thienopyridine prasugrel was compared with clopi-
dogrel in 13,608 randomized patients with STEMI or
NSTEMI planned for PCI in the TRITON–TIMI-38
(TRial to assess Improvement in Therapeutic Out-
comes by optimizing platelet InhibitioN with
prasugrel–Thrombolysis In Myocardial Infarction 38)
(55). The trial showed in 2007 that prasugrel reduced
the risk of cardiovascular death/MI/stroke (9.9% vs.
12.1%; HR: 0.81; 95% confidence interval [CI]: 0.73 to
0.90; p < 0.001), but at an increase in major bleeding
(2.4% vs. 1.8%; HR: 1.32; 95% CI: 1.03 to 1.68;
p ¼ 0.03). However, due to the need to wait for
treatment until after coronary angiography; the
increased risk of bleeding at CABG; and the contra-
indication because of a raised risk of intracranial
bleeding among patients older than 75 years, with
prior stroke, or with low body weight, this drug is
currently less often used.
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The other third-generation P2Y12 inhibitor is the
directly acting ticagrelor, which provides reversible
binding to the receptor explaining both its more rapid
onset and offset compared with the thienopyridines.
In the PLATO (A Comparison of Ticagrelor [AZD6140]
and Clopidogrel in Patients With Acute Coronary
Syndrome) trial published in 2009 (56), 18,624 pa-
tients admitted with either STEMI or NSTEMI and
planned for either a primarily invasive or medical
treatment strategy were randomized to ticagrelor
versus clopidogrel in addition to aspirin. At 6 to
12 months (median 9 months) of follow-up, ticagrelor
was associated with a 16% lower risk of vascular
death/MI/stroke (9.8% vs. 11.7%; risk ratio [RR]: 0.84;
95% CI: 0.77 to 0.92; p < 0.001) and a 22% reduction in
total mortality (4.5% vs. 5.9%; RR: 0.78; 95% CI: 0.69
to 0.89; p < 0.001) at the cost of an increased risk of
non-CABG related major bleeding (4.5% vs. 3.8%;
p ¼ 0.03). The favorable effects of ticagrelor were
evident already at 1 month, and the event rate
continued to separate during prolonged treatment.
Further reduction in ischemic events, although at the
cost of increased bleeding, was shown to be obtained
in patients randomized to continued treatment up to
2 years in the PEGASUS (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)
trial (56,57). Based on these data, dual antiplatelet
treatment, preferably with ticagrelor, for at least 1
and eventually up to 2 years is now the recommended
treatment in patients with NSTEMI and STEMI.

CANGRELOR—INTRAVENOUS P2Y12 INHIBITOR.

Simultaneously with the development of ticagrelor,
an intravenous directly and reversibly acting P2Y12

inhibitor with immediate onset and offset, cangrelor,
was developed. Three trials have tested its efficacy in
angina or patients with ACS undergoing PCI either
against a background of placebo or clopidogrel. In a
pooled meta-analysis in 2013, intravenous cangrelor
compared with clopidogrel during 48 h was more
efficient in reducing ischemic complications (death/
MI/ischemia-driven revascularization/stent throm-
bosis) (3.8% vs. 4.7%; OR: 0.81; 95% CI: 0.71 to 0.91;
p ¼ 0.0007), which effects persisted at 30 days at the
expense of more mild but not major bleeding events
at 48 h (GUSTO mild bleeding 16.8% vs. 13.0%; OR:
1.35; 95% CI: 1.26 to 1.45; p < 0.0001) (58). However,
with the availability of the more potent rapidly acting
oral P2Y12 inhibitors prasugrel and ticagrelor, can-
grelor currently has its main use in invasively treated
patients with ACS who are unable to take oral more
potent P2Y12 inhibitors (9).
ANTICOAGULANTS IN ACS

UNFRACTIONATED HEPARIN. Heparin inhibits
thrombin and activated factor Xa by being a cofactor
to antithrombin. In ACS, heparin is the most widely
used anticoagulant, and is used as an adjunctive
treatment to fibrinolysis by tPA and during PCI pro-
cedures to prevent catheter thrombosis. In the 1980s,
intravenous heparin was shown to further reduce
episodes of pain and the risk of MI when added to
aspirin in patients with unstable angina/NSTEMI
(45,59,60). In a meta-analysis of patients with un-
stable angina/NSTEMI, heparin was confirmed to be
associated with a lower risk of MI and death when
added to aspirin (61). However, longer-term intrave-
nous unfractionated heparin is cumbersome to use, as
it requires monitoring of the activated partial-
thromboplastin time.

LOW MOLECULAR WEIGHT HEPARIN. Low molecular
weight heparin (LMWH) is derived from heparin and
has about one-third of the molecular mass of
unfractionated heparin. Compared with heparin,
LMWH mainly activates the antithrombin-mediated
inhibition of factor Xa.

The first placebo-controlled randomized trial that
examined whether the ischemic risk could be reduced
with a LMWH in addition to low-dose aspirin was the
FRISC trial published in 1996 (62). The FRISC trial
randomly assigned 1,506 patients with unstable
angina/NSTEMI to subcutaneous dalteparin at a high
dose twice daily in-hospital and thereafter at a lower
dose given once daily up to 45 days. The results
showed a substantial early in-hospital reduction in
death/reinfarction (1.8% vs. 4.8%; p < 0.001), which
was maintained during the prolonged treatment
phase for 45 days. However, 4 to 5 months after the
treatment with dalteparin was discontinued, there
was no remaining difference in outcomes between
the treatment groups. In a follow-up trial performed
as a part of the FRISC-2 trial (63), 3 months of
outpatient treatment with dalteparin twice daily in
addition to aspirin reduced the rate of cardiovascular
death, MI, and need for revascularization (p ¼ 0.031),
but these effects were not sustained 3 months after
cessation of treatment.

Somewhat later, several trials evaluating the
LMWH enoxaparin were presented. In 1997, the
ESSENCE (Efficacy and Safety of Subcutaneous
Enoxaparin in Non-Q-Wave Coronary Events) trial
(64) enrolled 3,171 patients with unstable angina/
NSTEMI randomized to either enoxaparin subcuta-
neously twice daily or intravenous heparin given for a
minimum of 48 h to a maximum of 8 days. With
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enoxaparin, the incidence of death/MI/recurrent
angina was lower at 30 days (19.8% vs. 23.3%; OR:
0.81; 95% CI: 0.68 to 0.96; p ¼ 0.016). In the TIMI
(Thrombolysis In Myocardial Infarction) 11B (65)
trial, 3,910 patients were randomized to either
subcutaneous enoxaparin twice daily or intravenous
unfractionated heparin for a minimum of $3 days to a
maximum of 8 days, followed by prolonged therapy
out-of-hospital with enoxaparin compared with pla-
cebo. The rate of death/MI/urgent revascularization
at 8 days was lower with enoxaparin than unfractio-
nated heparin (12.4% vs. 14.5%; OR: 0.83; 95% CI:
0.69 to 1.00; p ¼ 0.0048). The initial results were
maintained at 30 days, while the prolonged enox-
aparin treatment was associated with an increase in
major bleeding (2.9% vs. 1.5%; p ¼ 0.021). Yet, sub-
cutaneous enoxaparin was not superior and non-
inferior to intravenous unfractionated heparin in the
SYNERGY (Superior Yield of the New Strategy of
Enoxaparin, Revascularization and Glycoprotein
IIb/IIIa Inhibitors) trial (66) published in 2004, which
randomized 10,027 high-risk patients with NSTEMI
who were intended for an early invasive treatment
strategy. With a median time to coronary angiography
of 22 h (interquartile range: 6 to 43 h), the 30-day rate
of death/MI was comparable (14.0% vs. 14.5%; OR:
0.96; 95% CI: 0.86 to 1.06; p ¼ 0.40), whereas major
bleeding by the TIMI definition was higher with
enoxaparin compared with heparin (9.1% vs. 7.6%;
p ¼ 0.008). Based on these experiences, intravenous
heparin or subcutaneous LMWH are recommended
only for short-term use while awaiting and during
invasive coronary procedures during hospital stay in
patients with unstable angina/NSTEMI.

The very first pilot trial to evaluate the effects of
LMWH in patients with STEMI were published in 1999
(67). This was followed by the ASSENT (Assessment of
the Safety and Efficacy of a New Thrombolytic
Regimen)-PLUS (68), ASSENT-3, and ASSENT-3 PLUS
(69) trials presented from 2001 to 2003, which
together randomized around 8,000 patients with
STEMI treated with either tPA or TNK-tPA to LMWH
with enoxaparin or dalteparin for 4 to 8 days versus
intravenous heparin for 48 h. These studies found
that low molecular heparins improved coronary
reperfusion and reduced early recurrent ischemic
events, although the effects were not sustained
at longer-term follow-up (69). In 2006, the
EXTRACT–TIMI 25 (Enoxaparin and Thrombolysis
Reperfusion for Acute Myocardial Infarction
Treatment–Thrombolysis In Myocardial Infarction 25)
(70) trial randomized 20,506 fibrinolysis-treated
patients with STEMI to enoxaparin versus unfractio-
nated heparin for a minimum of 48 h. In this
mega-trial, enoxaparin lowered the 30-day rate of
death/MI (9.9% vs. 12.0%; RR: 0.83; 95% CI: 0.77 to
0.90; p < 0.001), whereas the rate of major bleeding
was increased (2.1% vs. 1.4%; p < 0.001). In a pre-
specified post hoc analysis of the 4,676 patients who
underwent PCI during hospitalization in the
EXTRACT-TIMI-25 (71) trial, the initial benefit was
maintained with a lower risk of death/MI also at
30 days (10.7% vs. 13.8%; RR: 0.77; 95% CI: 0.66 to
0.90; p < 0.001) and no increased risk of major
bleeding (1.4% vs. 1.6%; RR: 0.87; 95% CI: 0.55 to 1.39;
p ¼ 0.561). Based on these data, subcutaneous treat-
ment with LMWH until PCI or hospital discharge was
for many years the recommended treatment in both
patients with NSTEMI and STEMI.
FONDAPARINUX—A SUBCUTANEOUS FACTOR

Xa-INHIBITOR. The next step in the development of
anticoagulation in ACS was the testing of the syn-
thetic pentasaccharide fondaparinux, which provides
specific antithrombin mediated inhibition of only
factor Xa. In 2005, the results of the OASIS-5 (Orga-
nization to Assess Strategies in Acute Ischemic
Syndromes-5) trial (72), randomizing 20,078 NSTEMI
patients to subcutaneous fondaparinux versus enox-
aparin given in-hospital up to 9 days, showed similar
rates of death/MI/recurrent ischemia, but a halving of
bleeding events (2.2% vs. 4.1%; HR: 0.52; 95% CI: 0.44
to 0.61; p < 0.001) by fondaparinux. In addition, long-
term follow-up showed a reduction in mortality in the
fondaparinux group at 30 days (3.5% vs. 2.9%; HR:
0.83; 95% CI: 0.71 to 0.97; p ¼ 0.02) and 180 days
(6.5% vs. 5.8%; HR: 0.89; 95% CI: 0.80 to 1.00;
p ¼ 0.05). However, the patients undergoing early
invasive therapy in the fondaparinux arm had an
increased risk of catheter-related thrombosis, which
could, however, be overcome by adding intravenous
heparin at the time of intervention (73). Subcutane-
ous fondaparinux is therefore currently a commonly
used alternative to LMWH for in-hospital anti-
coagulation in patients with NSTEMI awaiting coro-
nary angiography.

In 2006, the results of fondaparinux in STEMI were
presented. The OASIS-6 trial randomized 12,092 pa-
tients with STEMI to in-hospital treatment with fon-
daparinux or usual care (heparin or placebo) for 3 to
9 days and showed a lower 30-day rate of death/rein-
farction (9.7% vs. 11.2%; p ¼ 0.008), with no increased
risk of bleeding. The risk reduction was, though, only
seen in patients treated with fibrinolysis or otherwise
medically managed, but not in patients undergoing
early invasive treatment (74). Hence, fondaparinux is
not recommended in the current guidelines for pa-
tients with STEMI undergoing primary PCI and is only
used in patients treated with streptokinase (9).
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ORAL ANTICOAGULATION. Oral anticoagulation
with vitamin-K antagonists has been tested in many
trials for prevention of recurrences after acute MI.
The most convincing data demonstrating the efficacy
of this approach comes from the WARIS-2 (Warfarin
Aspirin ReInfarction Study II) trial published in 2002
(75). In this trial, 3,630 patients were randomized to 3
treatment arms: warfarin alone, combined with
aspirin, or aspirin alone, for 4 years after acute MI.
The trial verified previous findings that oral anti-
coagulation had a protective effect after MI. Warfarin
alone or the combination with aspirin had the lowest
rate of death/nonfatal reinfarction/thromboembolic
stroke (15.0% vs. 20.0%; RR: 0.71; 95% CI: 0.60 to
0.83; p ¼ 0.001). Unfortunately, the 3- to 4-fold
higher risk of bleeding and the need for regular
monitoring and frequent dose-adjustments has
limited the acceptance of this alternative in
most countries.

The first direct oral anticoagulant (DOAC) investi-
gated for efficacy and safety in ACS was the direct
thrombin inhibitor ximelagatran in the ESTEEM
(Efficacy and Safety of the oral direct Thrombin in-
hibitor ximElagatran in patients with rEcent Myocar-
dial damage) trial published in 2003 (76). In this trial,
1,883 patients with MI were randomized to 4 different
doses of ximelagatran comparedwith placebo on top of
aspirin. The trial showed that ximelagatran reduced
the risk of death, MI, and severe ischemia (HR: 0.76;
p ¼ 0.036) without any indication of a dose-response
between the 4 dose groups compared with placebo.
Major bleeding events were rare, as clopidogrel was
not the standard of care at this time. Unfortunately,
ximelagatran had to be withdrawn because of liver
toxicity. Almost a decade later, the corresponding
dose-finding trials were performed evaluating the
direct thrombin inhibitor dabigatran in the RE-DEEM
(RandomizEd Dabigatran Etexilate Dose Finding
Study in PatientsWith Acute Coronary Syndromes Post
Index Event With Additional Risk Factors for Cardio-
vascular Complications Also Receiving Aspirin and
Clopidogrel: Multi-centre, Prospective, Placebo
Controlled, Cohort Dose Escalation Study) trial (77)
and the factor Xa inhibitors apixaban in the
APPRAISE (Apixaban for Prevention of Acute Ischemic
and Safety Events) trial (78) and rivaroxaban in the
ATLAS ACS-TIMI 46 (Anti-Xa Therapy to Lower car-
diovascular events in addition to Aspirin with or
without thienopyridine therapy in Subjects with Acute
Coronary Syndrome-Thrombolysis In Myocardial
Infarction 46) trial (79). As the DOACs now were added
on top of both aspirin and clopidogrel, these treatment
alternatives were associated with substantially higher
rates of bleeding events, which was not always
compensated by a lower rate of ischemic events.
However, in the ATLAS-ACS-2 (TIMI 51) (Anti-Xa
Therapy to Lower cardiovascular events in addition to
Aspirin with or without thienopyridine therapy in
Subjects with Acute Coronary Syndrome 2-Thrombol-
ysis In Myocardial Infarction 51) trial (80), 15,526 pa-
tients with MI were randomized to the DOAC factor Xa
inhibitor rivaroxaban in 2 low doses versus placebo on
top of dual antiplatelet therapy with clopidogrel for a
mean of 13months. In this pivotal trial, the lowest dose
(rivaroxaban 2.5 mg � 2) was associated with a lower
rate of death/MI/stroke (9.1% vs. 10.7%; p ¼ 0.02) but
also with a dose-related increased rate of major
bleeding (2.1% vs. 0.6%; p < 0.001). Therefore, ac-
cording to current guidelines (8), long-term treatment
with rivaroxaban in this low dose on top of dual anti-
platelet treatment is now an approved option for
further prevention of ischemic events after MI.

ALTERNATIVE ANTITHROMBOTIC

PERIPROCEDURAL MEDICATION AT PCI

BIVALIRUDIN. Bivalirudin is a direct thrombin in-
hibitor that has been used extensively during in-
terventions, either alone or combined with a
glycoprotein (GP) IIb/IIIa-receptor inhibitor, for both
STEMI and NSTEMI since the early 2000s. Bivalirudin
has had mixed results in various comparisons with
heparin. In the ACUITY (Acute Catheterization and
Urgent Intervention Triage Strategy) timing (81) trial,
reported in 2006, 13,816 patients with moderate- to
high-risk NSTE-ACS undergoing coronary angiog-
raphy were randomized to 3 treatment arms. In 2 of
the arms, when bivalirudin alone was compared with
GP IIb/IIIa inhibitors combined with either unfrac-
tionated heparin or enoxaparin, the rate of death/MI/
ischemia-driven revascularization was comparable
(7.8% vs. 7.3%; RR: 1.08; 95% CI: 0.93 to 1.24;
p ¼ 0.32), whereas the rate of major bleeding was
halved (3.0% vs. 5.7%; RR: 0.53; 95% CI: 0.43 to 0.65;
p < 0.001). Similarly, the HORIZONS-AMI (Harmo-
nizing Outcomes with RevasculariZatiON and Stents
in Acute Myocardial Infarction) trial (82) in 2008
presented the results from 3,602 patients with STEMI
undergoing primary PCI randomized to intravenous
heparin plus a GP IIb/IIIa inhibitor versus bivalirudin
alone. This trial similarly showed a lower rate of
major bleeding (4.9% vs. 8.3%; RR: 0.60; 95% CI: 0.46
to 0.77; p < 0.001) and a reduction in 30-day mortality
(2.1% vs. 3.1%; RR: 0.66; 95% CI: 0.44 to 1.00;
p ¼ 0.047). In the single-center, open-label HEAT-
PPCI (How Effective Are Antithrombotic Therapies
in Primary Percutaneous Coronary Intervention) (83)
trial published in 2014, a total of 1,812 patients were
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randomized to either heparin or bivalirudin before
undergoing primary PCI. The primary ischemic
endpoint was lower in the heparin compared with the
bivalirudin group (5.7% vs. 8.7%; RR: 1.52; 95% CI:
1.09 to 2.13; p ¼ 0.01), whereas major bleeding events
were similar (3.1% vs. 3.5%; RR: 1.15; 95% CI: 0.70 to
1.89; p ¼ 0.59). However, in 2015, the MATRIX
(Minimizing Adverse Haemorrhagic Events by Trans-
radial Access Site and Systemic Implementation of
AngioX) study (84) reported in 7,213 patients with
ACS planned for PCI who were randomized to either
bivalirudin or heparin that there was no difference in
the primary outcome of death/MI/stroke (10.3% vs.
10.9%; RR: 0.94; 95% CI: 0.91 to 1.09; p ¼ 0.44) nor a
difference in major bleeding/cardiovascular events
(11.2% vs. 12.4%, RR: 0.89; 95% CI: 0.78 to 1.03;
p ¼ 0.12). In a meta-analysis published in 2016 (85),
based on 6 randomized trials including 14,095 pa-
tients with STEMI patients, bivalirudin compared
with heparin reduced all-cause mortality (RR: 0.81;
95% CI: 0.67 to 0.99; p ¼ 0.041) and cardiac mortality,
while the risk of acute stent thrombosis was increased
(RR: 3.31; 95% CI: 1.79 to 6.10; p < 0.001). The risk of
bleeding was lower with bivalirudin than heparin
(RR: 0.63; 95% CI: 0.44 to 0.90; p ¼ 0.012), although
the effect was modified by concomitant use of GP IIb/
IIIa inhibitor, clopidogrel, and radial access.

These trials predated the ubiquitous use of more
potent platelet inhibitors (prasugrel, ticagrelor,
cangrelor) and the use of radial access, which is
associated with lower bleeding risk. In the
VALIDATE-SWEDEHEART (Bivalirudin versus Hepa-
rin in ST-Segment and Non–ST-Segment Elevation
Myocardial Infarction in Patients on Modern Anti-
platelet Therapy in the Swedish Web System for
Enhancement and Development of Evidence-based
Care in Heart Disease Evaluated according to Rec-
ommended Therapies Registry Trial) (86) published
in 2017, which compared bivalirudin with heparin in
6,006 patients with STEMI or NSTEMI, there was no
significant difference in the combined endpoint of
death/MI/major bleeding at 30 days in the total cohort
(12.3% vs. 12.8%; HR: 0.96; 95% CI: 0.83 to 1.10;
p ¼ 0.54) or any of the subcohorts with STEMI or
NSTEMI. In this study, all 6,006 patients were treated
with ticagrelor or prasugrel; in the vast majority
(90%), a radial access site was utilized, and only 3%
needed concomitant GP IIb/IIIa inhibition. Based on
these results, there is a recommendation to either use
intravenous heparin or bivalirudin in the setting of
PCI for patients with ACS who are treated with aspirin
and ticagrelor or prasugrel.
GP IIb/IIIa INHIBITORS FOR ACS. GP IIb/IIIa in-
hibitors inhibit the binding of fibrinogen to GP IIb/IIIa
in the activated platelet, which is the final step in
platelet aggregation (87). Three different intravenous
drugs are currently available: abciximab (a mono-
clonal antibody), eptifibatide (cyclic heptapeptide),
and tirofiban (nonpeptide). From the mid-1990s, the
GP IIb/IIIa inhibitor abciximab was tested in a series
of randomized trials in high-risk patients undergoing
angiography (EPIC [Evaluation of 7E3 for the Pre-
vention of Ischemic Complications]) (88) (n ¼ 2,099),
urgent/elective PCI (EPILOG [Evaluation in PTCA to
Improve Long-Term Outcome with Abciximab GP IIb/
IIIa Blockade]) (89) (n ¼ 2,792), or stenting (EPISTENT
[Evaluation of Platelet IIb/IIIa Inhibition in Stenting])
(90) (n ¼ 2,399), where GP IIb/IIIa use was associated
with a reduction of ischemic events (death/MI/
revascularization) at 30 days or even sustained up to
12 months (91).

The results for GP IIb/IIIa inhibitors have though
been less consistent when used in patients with ACS.
In the CAPTURE (c7E3 Fab antiplatelet therapy in
unstable refractory angina) (92) trial, patients
(n ¼ 1,236) with ACS planned for PCI, abciximab
reduced the risk of 30-day ischemia (11.3% vs. 15.9%;
p ¼ 0.012), although at an increased risk of bleeding
(3.8% vs. 1.9%; p ¼ 0.043). Similarly, in the PRISM-
PLUS (Platelet Receptor Inhibition in Ischemic Syn-
drome Management in Patients Limited by Unstable
Signs and Symptoms) (93) trial (n ¼ 1,915), in patients
with NSTEMI undergoing coronary angiography,
there was a reduction at 7 days of mortality/MI/re-
fractory ischemia with tirofiban þ heparin compared
with heparin alone (12.9% vs. 17.9%; RR: 0.68; 95% CI:
0.53 to 0.88; p ¼ 0.004), with persistent reduction
also at 6 months. However, in PRISM-PLUS, the tir-
ofiban alone arm was stopped prematurely as it was
associated with an increase in mortality when
compared with heparin at 7 days (4.6% vs. 1.1%). In
contrast, the larger GUSTO IV trial (94), which ran-
domized 7,800 patients with NSTEMI to abciximab
bolus, abciximab bolus þ infusion, or placebo, was
neutral with regard to 30-day risk of death/MI (8.2%
vs. 9.1% vs. 8.0%). The upstream use (before coronary
angiography) was not beneficial but was associated
with a higher risk of bleeding in the ACUITY Timing
(95) and EARLY-ACS (Early Glycoprotein IIb/IIIa In-
hibition in Patients With Non-ST-segment Elevation
Acute Coronary Syndrome) trials (96). In a meta-
analysis (97) of 31,402 patients from 6 trials, the
data indicated that among patients not planned for
coronary angiography, the use of GP IIb/IIIa reduced
the rate of death/MI at 30 days (10.8% to 11.8%; OR:
0.91; 95% CI: 0.84 to 0.98; p ¼ 0.015), but simulta-
neously increased major bleeding (2.4% vs. 1.4%;
p < 0.0001). Finally, in patients pre-treated with
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clopidogrel in the ISAR-REACT 2 (Intracoronary
Stenting and Antithrombotic: Regimen Rapid Early
Action for Coronary Treatment 2) (98) trial
(n ¼ 2,022), abciximab compared with placebo low-
ered the risk of death/MI/revascularization (8.9% vs.
11.9%; RR: 0.75; 95% CI: 0.58 to 0.97; p ¼ 0.03),
although the benefit was confined to those with
troponin elevation. The GUSTO V (99) trial showed in
16,588 STEMI patients that there was no difference
between treatment with either reteplase alone or
reteplase þ abciximab (30-day mortality was 5.9% vs.
5.6%; RR: 0.95; 95% CI: 0.78 to 1.18), although the
latter combination with abciximab had more major
bleeding (0.5% vs. 1.1%).

The majority of these trials were performed before
the routine use of P2Y12 inhibitors, and there is no
prospective trial that has tested the currently used
antiplatelet inhibitors ticagrelor with randomized
GP IIb/IIIa inhibitors. In the PLATO trial (56), where
patients were randomized to either ticagrelor or clo-
pidogrel, about one-third received a GP IIb/IIIa in-
hibitor. Overall, the use of GP IIb/IIIa inhibitors has
been associated with an increased bleeding risk and
thrombocytopenia. Currently, the use of GP IIb/IIIa
inhibitors in both NSTEMI and STEMI patients is
limited (8,9), and it is only used for invasively treated
patients as a bailout therapy when there is no-reflow
or remaining thrombus.

IMPROVED OUTCOME BY ANGIOTENSIN-

CONVERTING ENZYME INHIBITION AND

MINERALOCORTICOID ANTAGONISTS

In the early 1990s, 2 early patient studies (100,101)
showed that initiation of the angiotensin-
converting enzyme inhibitor captopril early after
an acute MI attenuated left ventricular enlargement
(“remodeling”) and preserved left ventricular func-
tion. In 1992, the SAVE (Survival and Ventricular
Enlargement Study) trial (102), enrolling 2,231 pa-
tients with MI with left ventricular ejection
fraction #40% but without overt clinical heart
failure, showed that captopril versus placebo low-
ered mortality to 20% from 25% (RR: 19%; 95% CI:
3% to 32%; p ¼ 0.019), and lowered the risk of
severe heart failure (RR: 37%; 95% CI: 20% to 50%;
p < 0.001), and heart failure hospitalization (RR:
22%; 95% CI: 4% to 37%; p ¼ 0.019). These findings
were confirmed by the AIRE (Acute Infarction
Ramipril Efficacy) trial (103), which in 1993 showed
that ramipril, compared with placebo in 2,006 pa-
tients with MI and clinical evidence of heart failure,
reduced all-cause mortality (17% vs. 23%; RR: 27%;
95% CI: 11% to 40%; p ¼ 0.002) at 6 to 15 months,
and reduced risk of death/severe heart failure/MI/
stroke (19% risk reduction; 95% CI: 5% to 31%;
p ¼ 0.008). Finally, in 1995, the TRACE (Trando-
lapril Cardiac Evaluation) (104) trial again verified
this concept among 1,749 randomized patients
with echocardiographic left ventricular ejection
fraction #35% using another angiotensin-converting
enzyme inhibitor, trandolapril.

In 2003, the EPHESUS (Eplerenone Post–Acute
Myocardial Infarction Heart Failure Efficacy and
Survival Study) trial (105) further expanded heart
failure prevention in patients with MI to also include
the mineralocorticoid antagonist eplerenone. When
randomizing 6,632 patients with MI complicated by
left ventricular dysfunction with left ventricular
ejection fraction #40% and clinical heart failure signs
to eplerenone versus placebo for an average of
16 months, mortality was reduced to 14.4% from
16.6% (RR: 0.85; 95% CI: 0.75 to 0.96; p ¼ 0.008). The
treatment also reduced the rate of hospitalization
for heart failure and risk of sudden death. Based on
these results, treatment with angiotensin-converting
enzyme inhibition and eventually mineralocorticoid
antagonism is recommended in all patients with heart
failure or left ventricular dysfunction.

PREVENTION OF PLAQUE PROGRESSION

AND RUPTURE BY STATINS

High low-density lipoprotein (LDL) cholesterol has for
a long time been shown to be a main contributor to
the development of atherosclerotic disease. The first
trial proving that lowering of LDL cholesterol reduced
fatal and nonfatal cardiovascular events was the 4S
(Scandinavian Simvastatin Survival Study) (106),
published 1994, which randomized 4,444 patients
with prior MI or angina pectoris to the HMG-CoA
reductase inhibitor simvastatin or placebo. During a
median of follow-up of 5.4 years, simvastatin
compared with placebo lowered mortality to 8%
versus 12.0% (RR: 0.70; 95% CI: 0.58 to 0.85;
p ¼ 0.0003), as well as the risk of coronary events and
new revascularization procedures. However, it was
not until the MIRACL (Myocardial Ischemia Reduc-
tion with Aggressive Cholesterol Lowering) (107)
study in 2001, which included 3,086 patients ran-
domized to either atorvastatin or placebo within 1 to
4 days of an MI and continued for 16 weeks, that it
was shown that also early initiation of lipid-lowering
therapy reduces the risk of death/MI/cardiac arrest/
recurrent ischemia (14.8% vs. 17.4%; RR: 0.84;
95% CI: 0.70 to 1.00; p ¼ 0.048). The main effect in
the trial was achieved primarily by a reduction in
recurrent symptomatic ischemic events. In the
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IMPROVE-IT (Improved Reduction of Outcomes:
Vytorin Efficacy International Trial) (108), random-
izing 18,144 patients within 10 days of an MI to either
the combination of simvastatin 40 mg with ezetimibe
10 mg compared with monotherapy of simvastatin,
there was a reduction in cardiovascular death/MI/
unstable angina/repeat coronary revascularization/
stroke (to 32.7% from 34.7%; HR: 0.936; 95% CI: 0.89
to 0.99; p ¼ 0.016) after a median treatment duration
of 6 years. The ODYSSEY OUTCOMES (Evaluation of
Cardiovascular Outcomes After an Acute Coronary
Syndrome During Treatment With Alirocumab) (109)
study, which randomized 18,924 patients with MI in
the previous 1 to 12 months to receive the human
monoclonal antibody proprotein convertase
subtilisin-kexin type 9 versus placebo, recently
showed a lower risk of the combined endpoint of
coronary heart disease/MI/ischemic stroke/unstable
angina (9.5% vs. 11.1%; HR: 0.85; 95% CI: 0.78 to 0.93;
p < 0.001) after a median follow-up of 2.8 years.
Based on these results, all patients with an ACS today
are recommended for early and intense lowering of
the LDL cholesterol level.

FROM CLINICAL TRIALS TO IMPLEMENTATION

IN THE HEALTH CARE SYSTEM

During the last decades, the reviewed series of ran-
domized clinical trials have provided convincing ev-
idence for the incremental benefit of new, innovative
treatment in comparison to what was at that time the
best clinical practice. However, the uptake and effect
on patient outcomes at the population level of these
new treatment strategies can only be evaluated by
longitudinal observational data from real life,
including information on patient characteristics,
treatments, and long-term follow-up on cardiovas-
cular events and survival. It is reassuring that several
registries have captured these changes over the last
20 years and provided consistent evidence that
simultaneous with implementing all of these new
treatments, the mortality as well as other complica-
tions (new MI, stroke, and heart failure) have sub-
stantially decreased. Both the French cross-sectional
FAST-MI (French Registry on Acute ST-elevation and
non-ST-elevation Myocardial Infarction) program,
encompassing 1995 to 2015 (2), and the nationwide
longitudinal Swedish SWEDEHEART registry, with
published data on long-term outcomes of MI prog-
nosis from 1995 to 2014 (3,4), have shown that for
STEMI and NSTEMI patients both the early (30 days)
and long-term (6 to 12 months) mortality has declined
by more than one-half. In addition, the SWEDE-
HEART registry has demonstrated a corresponding
reduction also in reinfarction and stroke. These data
strongly support that continuous implementation of
new evidence-based treatment strategies substan-
tially reduces cardiovascular complications and im-
proves survival of patients with MI, and thereby
contributes to an improved life-expectancy in the
whole population. The SWEDEHEART data (Figure 1,
Central Illustration) convincingly show the large
magnitude of benefits with a halving of total and
cardiovascular mortality and a one-third reduction
of MI, stroke, and heart failure simultaneous with
the introduction of the new evidence-based treat-
ment strategies. However, during the last years of
follow-up, the SWEDEHEART data shows a trend
to a plateau in mortality, indicating a need for
continued research and clinical trials to identify
new treatment targets that in new clinical trials can
be shown to further improve patient outcomes.

ADDRESS FOR CORRESPONDENCE: Dr. Lars Wallen-
tin, Uppsala Clinical Research Center, Dag
Hammarskjölds väg 38, 751 85 Uppsala, Sweden. E-mail:
lars.wallentin@ucr.uu.se. Twitter: @karolinskainst.
RE F E RENCE S
1. MacMillan RL, Brown KWG. Comparison of the
effects of treatment of acute myocardial infarction
in a coronary unit and on a general medical ward.
Can Med Assoc J 1971;105:1037–40.

2. Puymirat E, Simon T, Cayla G, et al. Acute
myocardial infarction: changes in patient
characteristics, management, and 6-month
outcomes over a period of 20 years in the
FAST-MI Program (French Registry of Acute
ST-Elevation or Non-ST-Elevation Myocardial
Infarction) 1995 to 2015. Circulation 2017;136:
1908–19.

3. Szummer K, Wallentin L, Lindhagen L, et al.
Improved outcomes in patients with ST-elevation
myocardial infarction during the last 20 years are
related to implementation of evidence-based
treatments: experiences from the SWEDEHEART
registry 1995-2014. Eur Heart J 2017;38:3056–65.

4. Szummer K, Wallentin L, Lindhagen L, et al.
Relations between implementation of new treat-
ments and improved outcomes in patients with
non-ST-elevation myocardial infarction during the
last 20 years: experiences from SWEDEHEART
registry 1995 to 2014. Eur Heart J 2018;39:
3766–76.

5. O’Gara PT, Kushner FG, Ascheim DD, et al. 2013
ACCF/AHA guideline for the management of ST-
elevation myocardial infarction: a report of the
American College of Cardiology Foundation/
American Heart Association Task Force on Prac-
tice Guidelines. J Am Coll Cardiol 2013;61:
e78–140.
6. Amsterdam EA, Wenger NK, Brindis RG, et al.
2014 AHA/ACC guideline for the management of
patients with non-ST-elevation acute coronary
syndromes: a report of the American College of
Cardiology/American Heart Association Task Force
on Practice Guidelines. J Am Coll Cardiol 2014;64:
e139–228.

7. Levine GN, Bates ER, Blankenship JC, et al. 2015
ACC/AHA/SCAI focused update on primary percu-
taneous coronary intervention for patients with
ST-elevation myocardial infarction: an update of
the 2011 ACCF/AHA/SCAI Guideline for Percuta-
neous Coronary Intervention and the 2013 ACCF/
AHA Guideline for the Management of ST-
Elevation Myocardial Infarction. J Am Coll Cardiol
2016;67:1235–50.

mailto:lars.wallentin@ucr.uu.se
https://twitter.com/karolinskainst
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref1
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref1
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref1
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref1
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref2
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref2
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref2
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref2
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref2
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref2
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref2
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref2
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref3
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref3
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref3
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref3
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref3
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref3
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref4
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref4
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref4
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref4
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref4
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref4
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref4
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref5
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref5
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref5
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref5
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref5
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref5
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref5
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref6
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref6
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref6
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref6
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref6
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref6
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref6
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref7
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref7
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref7
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref7
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref7
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref7
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref7
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref7
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref7


Szummer et al. J A C C V O L . 7 4 , N O . 1 2 , 2 0 1 9

Historical Advances in Acute Coronary Care S E P T E M B E R 2 4 , 2 0 1 9 : 1 6 1 8 – 3 6

1634
8. Roffi M, Patrono C, Collet JP, et al. 2015 ESC
guidelines for the management of acute coronary
syndromes in patients presenting without persis-
tent ST-segment elevation: Task Force for the
Management of Acute Coronary Syndromes
in Patients Presenting without Persistent
ST-Segment Elevation of the European Society of
Cardiology (ESC). Eur Heart J 2016;37:267–315.

9. Ibanez B, James S, Agewall S, et al. 2017 ESC
guidelines for the management of acute myocar-
dial infarction in patients presenting with
ST-segment elevation: The Task Force for the
management of acute myocardial infarction in
patients presenting with ST-segment elevation of
the European Society of Cardiology (ESC). Eur
Heart J 2018;39:119–77.

10. Sobel BE, Braunwald E. The Management of
Acute Myocardial Infarction. In: Braunwald E,
editor. Heart Disease: A Textbook of Cardiovas-
cular Medicine. New York: Saunders, 1980:
1353–86.

11. Killip T 3rd., Kimball JT. Treatment of
myocardial infarction in a coronary care unit. A
two year experience with 250 patients. Am J
Cardiol 1967;20:457–64.

12. Cardiac Arrhythmia Suppression Trial (CAST)
Investigators. Preliminary report: effect of encai-
nide and flecainide on mortality in a randomized
trial of arrhythmia suppression after myocardial
infarction. N Engl J Med 1989;321:406–12.

13. Echt DS, Liebson PR, Mitchell LB, et al. Mor-
tality and morbidity in patients receiving encai-
nide, flecainide, or placebo. N Engl J Med 1991;
324:781–8.

14. Hjalmarson A, Elmfeldt D, Herlitz J, et al. Ef-
fect on mortality of metoprolol in acute myocar-
dial infarction. A double-blind randomised trial.
Lancet 1981;2:823–7.

15. Hjalmarson A, Goldstein S, Fagerberg B, et al.,
for the MERIT-HF Study Group. Effects of
controlled-release metoprolol on total mortality,
hospitalizations, and well-being in patients with
heart failure: the Metoprolol CR/XL Randomized
Intervention Trial in congestive heart failure
(MERIT-HF). JAMA 2000;283:1295–302.

16. Dondo TB, Hall M, West RM, et al. Beta-
blockers and mortality after acute myocardial
infarction in patients without heart failure or
ventricular dysfunction. J Am Coll Cardiol 2017;
69:2710–20.

17. Rentrop KP, Blanke H, Karsch KR, Kreuzer H.
Initial experience with transluminal recanalization
of the recently occluded infarct-related coronary
artery in acute myocardial infarction – comparison
with conventionally treated patients. Clin Cardiol
1979;2:92–105.

18. DeWood MA, Spores J, Notske R, et al. Prev-
alence of total coronary occlusion during the early
hours of transmural myocardial infarction. N Engl J
Med 1980;303:897–902.

19. Rentrop KP, Feit F, Blanke H, et al. Effects of
intracoronary streptokinase and intracoronary
nitroglycerin infusion on coronary angiographic
patterns and mortality in patients with acute
myocardial infarction. N Engl J Med 1984;311:
1457–63.
20. Davies MJ, Woolf N, Robertson WB. Pathology
of acute myocardial infarction with particular
reference to occlusive coronary thrombi. Br Heart
J 1976;38:659–64.

21. DeWood MA, Stifter WF, Simpson CS, et al.
Coronary arteriographic findings soon after non-
Q-wave myocardial infarction. N Engl J Med
1986;315:417–23.

22. Falk E. Morphologic features of unstable
atherothrombotic plaques underlying acute coro-
nary syndromes. Am J Cardiol 1989;63:114e–20e.

23. European Cooperative Study Group for Strep-
tokinase Treatment in Acute Myocardial Infarction.
Streptokinase in acute myocardial infarction.
N Engl J Med 1979;301:797–802.

24. Gruppo Italiano per lo Studio della Strepto-
chinasi nell’Infarto Miocardico (GISSI). Effective-
ness of intravenous thrombolytic treatment in
acute myocardial infarction. Lancet 1986;1:
397–402.

25. ISIS-2 (Second International Study of Infarct
Survival) Collaborative Group. Randomised trial of
intravenous streptokinase, oral aspirin, both, or
neither among 17,187 cases of suspected acute
myocardial infarction: ISIS-2. Lancet 1988;2:
349–60.

26. GUSTO Investigators. An international ran-
domized trial comparing four thrombolytic stra-
tegies for acute myocardial infarction. N Engl J
Med 1993;329:673–82.

27. GUSTO Angiographic Investigators. The effects
of tissue plasminogen activator, streptokinase, or
both on coronary-artery patency, ventricular
function, and survival after acute myocardial
infarction. N Engl J Med 1993;329:1615–22.

28. European Myocardial Infarction Project Group.
Prehospital thrombolytic therapy in patients with
suspected acute myocardial infarction. N Engl J
Med 1993;329:383–9.

29. Kleiman NSMD, White HDMD, Ohman EMMD,
et al. Mortality within 24 hours of thrombolysis for
myocardial infarction: the importance of early
reperfusion. Circulation 1994;90:2658–65.

30. Van De Werf F, Adgey J, Ardissino D, et al.
Single-bolus tenecteplase compared with
front-loaded alteplase in acute myocardial infarc-
tion: the ASSENT-2 double-blind randomised trial.
Lancet 1999;354:716–22.

31. Meier B. The first patient to undergo coronary
angioplasty — 23-year follow-up. N Engl J Med
2001;344:144–5.

32. Willis Hurst J. The first coronary angioplasty as
described by Andreas Gruentzig. Am J Cardiol
1986;57:185–6.

33. TIMI Study Group. Comparison of invasive and
conservative strategies after treatment with
intravenous tissue plasminogen activator in acute
myocardial infarction. Results of the thrombolysis
in myocardial infarction (TIMI) phase II trial. N Engl
J Med 1989;320:618–27.

34. Grines CL, Browne KF, Marco J, et al.
A comparison of immediate angioplasty with
thrombolytic therapy for acute myocardial infarc-
tion. N Engl J Med 1993;328:673–9.

35. Suryapranata H, van ’t Hof AW, Hoorntje JC, de
Boer MJ, Zijlstra F. Randomized comparison of
coronary stenting with balloon angioplasty in
selected patients with acute myocardial infarction.
Circulation 1998;97:2502–5.

36. Andersen HR, Nielsen TT, Rasmussen K, et al.
A comparison of coronary angioplasty with fibri-
nolytic therapy in acute myocardial infarction.
N Engl J Med 2003;349:733–42.

37. Stenestrand U, Lindback J, Wallentin L. Long-
term outcome of primary percutaneous coronary
intervention vs prehospital and in-hospital
thrombolysis for patients with ST-elevation
myocardial infarction. JAMA 2006;296:1749–56.

38. Santos-Gallego CG, Vahl TP, Goliasch G, et al.
Sphingosine-1-phosphate receptor agonist fingo-
limod increases myocardial salvage and decreases
adverse postinfarction left ventricular remodeling
in a porcine model of ischemia/reperfusion. Cir-
culation 2016;133:954–66.

39. Cung T-T, Morel O, Cayla G, et al. Cyclosporine
before PCI in patients with acute myocardial
infarction. N Engl J Med 2015;373:1021–31.

40. Hausenloy DJ, Candilio L, Evans R, et al.
Remote ischemic preconditioning and outcomes of
cardiac surgery. N Engl J Med 2015;373:1408–17.

41. Patrono C, Ciabattoni G, Patrignani P, et al.
Clinical pharmacology of platelet cyclooxygenase
inhibition. Circulation 1985;72:1177–84.

42. Lewis HD Jr., Davis JW, Archibald DG, et al.
Protective effects of aspirin against acute
myocardial infarction and death in men with un-
stable angina. Results of a Veterans Administra-
tion Cooperative Study. N Engl J Med 1983;309:
396–403.

43. Cairns JA, Gent M, Singer J, et al. Aspirin,
sulfinpyrazone, or both in unstable angina. N Engl
J Med 1985;313:1369–75.

44. Wallentin LC, for the Research Group on
Instability in Coronary Artery Disease in Southeast
Sweden. Aspirin (75 mg/day) after an episode of
unstable coronary artery disease: long-term ef-
fects on the risk for myocardial infarction, occur-
rence of severe angina and the need for
revascularization. J Am Coll Cardiol 1991;18:
1587–93.

45. The RISC Group. Risk of myocardial infarction
and death during treatment with low dose aspirin
and intravenous heparin in men with unstable
coronary artery disease. Lancet 1990;336:827–30.

46. Antiplatelet Trialists’ Collaboration. Second-
ary prevention of vascular disease by prolonged
antiplatelet treatment. Br Med J (Clin Res Ed)
1988;296:320–31.

47. FRagmin and Fast Revascularisation during
InStability in Coronary artery disease In-
vestigators. Invasive compared with non-invasive
treatment in unstable coronary-artery disease:
FRISC II prospective randomised multicentre
study. Lancet 1999;354:708–15.

48. Wallentin L, Lagerqvist B, Husted S,
Kontny F, Ståhle E, Swahn E. Outcome at 1 year
after an invasive compared with a non-invasive
strategy in unstable coronary-artery disease: the
FRISC II invasive randomised trial. Lancet 2000;
356:9–16.

49. Wallentin L, Lindhagen L, Ärnström E, et al.
Early invasive versus non-invasive treatment in

http://refhub.elsevier.com/S0735-1097(19)36160-1/sref8
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref8
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref8
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref8
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref8
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref8
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref8
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref8
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref9
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref9
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref9
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref9
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref9
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref9
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref9
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref9
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref10
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref10
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref10
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref10
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref10
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref11
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref11
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref11
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref11
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref12
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref12
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref12
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref12
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref12
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref13
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref13
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref13
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref13
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref14
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref14
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref14
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref14
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref15
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref15
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref15
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref15
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref15
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref15
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref15
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref16
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref16
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref16
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref16
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref16
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref17
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref17
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref17
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref17
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref17
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref17
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref18
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref18
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref18
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref18
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref19
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref19
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref19
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref19
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref19
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref19
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref20
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref20
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref20
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref20
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref21
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref21
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref21
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref21
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref22
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref22
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref22
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref23
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref23
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref23
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref23
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref24
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref24
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref24
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref24
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref24
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref25
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref25
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref25
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref25
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref25
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref25
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref26
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref26
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref26
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref26
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref27
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref27
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref27
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref27
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref27
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref28
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref28
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref28
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref28
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref29
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref29
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref29
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref29
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref30
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref30
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref30
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref30
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref30
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref31
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref31
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref31
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref32
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref32
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref32
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref33
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref33
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref33
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref33
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref33
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref33
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref34
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref34
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref34
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref34
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref35
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref35
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref35
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref35
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref35
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref36
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref36
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref36
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref36
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref37
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref37
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref37
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref37
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref37
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref38
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref38
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref38
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref38
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref38
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref38
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref39
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref39
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref39
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref40
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref40
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref40
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref41
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref41
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref41
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref42
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref42
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref42
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref42
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref42
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref42
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref43
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref43
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref43
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref44
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref44
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref44
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref44
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref44
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref44
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref44
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref44
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref45
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref45
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref45
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref45
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref46
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref46
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref46
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref46
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref47
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref47
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref47
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref47
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref47
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref47
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref48
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref48
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref48
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref48
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref48
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref48
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref49
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref49


J A C C V O L . 7 4 , N O . 1 2 , 2 0 1 9 Szummer et al.
S E P T E M B E R 2 4 , 2 0 1 9 : 1 6 1 8 – 3 6 Historical Advances in Acute Coronary Care

1635
patients with non-ST-elevation acute coronary
syndrome (FRISC-II): 15 year follow-up of a pro-
spective, randomised, multicentre study. Lancet
2016;388:1903–11.

50. Cannon CP, Weintraub WS, Demopoulos LA,
et al. Comparison of early invasive and conserva-
tive strategies in patients with unstable coronary
syndromes treated with the glycoprotein IIb/IIIa
inhibitor tirofiban. N Engl J Med 2001;344:
1879–87.

51. Fox KAA, Poole-Wilson PA, Henderson RA,
et al. Interventional versus conservative treatment
for patients with unstable angina or non-ST-
elevation myocardial infarction: the British Heart
Foundation RITA 3 randomised trial. Lancet 2002;
360:743–51.

52. Yusuf S, Zhao F, Mehta SR, Chrolavicius S,
Tognoni G, Fox KK, for the Clopidogrel in Unstable
Angina to Prevent Recurrent Events Trial In-
vestigators. Effects of clopidogrel in addition to
aspirin in patients with acute coronary syndromes
without ST-segment elevation. N Engl J Med
2001;345:494–502.

53. Sabatine MS, Cannon CP, Gibson CM, et al.
Effect of clopidogrel pretreatment before percu-
taneous coronary intervention in patients with
ST-elevation myocardial infarction treated with
fibrinolytics: the PCI-CLARITY study. JAMA 2005;
294:1224–32.

54. Chen ZM, Jiang LX, Chen YP, et al. Addition of
clopidogrel to aspirin in 45,852 patients with
acute myocardial infarction: randomised placebo-
controlled trial. Lancet 2005;366:1607–21.

55. Wiviott SD, Braunwald E, McCabe CH, et al.
Prasugrel versus clopidogrel in patients with acute
coronary syndromes. N Engl J Med 2007;357:
2001–15.

56. Wallentin L, Becker RC, Budaj A, et al. Tica-
grelor versus clopidogrel in patients with acute
coronary syndromes. N Engl J Med 2009;361:
1045–57.

57. Bonaca MP, Bhatt DL, Cohen M, et al. Long-
term use of ticagrelor in patients with prior
myocardial infarction. N Engl J Med 2015;372:
1791–800.

58. Steg PG, Bhatt DL, Hamm CW, et al. Effect of
cangrelor on periprocedural outcomes in percuta-
neous coronary interventions: a pooled analysis of
patient-level data. Lancet 2013;382:1981–92.

59. Telford AM, Wilson C. Trial of heparin versus
atenolol in prevention of myocardial infarction in
intermediate coronary syndrome. Lancet 1981;1:
1225–8.

60. Theroux P, Ouimet H, McCans J, et al. Aspirin,
heparin, or both to treat acute unstable angina.
N Engl J Med 1988;319:1105–11.

61. Oler A, Whooley MA, Oler J, Grady D. Adding
heparin to aspirin reduces the incidence of
myocardial infarction and death in patients with
unstable angina. A meta-analysis. JAMA 1996;
276:811–5.

62. Fragmin during Instability in Coronary Artery
Disease Study Group. Low-molecular-weight
heparin during instability in coronary artery dis-
ease. Lancet 1996;347:561–8.
63. FRagmin and Fast Revascularisation during
InStability in Coronary artery disease. In-
vestigators. Long-term low-molecular-mass hep-
arin in unstable coronary-artery disease: FRISC II
prospective randomised multicentre study. Lancet
1999;354:701–7.

64. Cohen M, Demers C, Gurfinkel EP, et al., for
the Efficacy and Safety of Subcutaneous Enox-
aparin in Non-Q-Wave Coronary Events Study
Group. A comparison of low-molecular-weight
heparin with unfractionated heparin for unstable
coronary artery disease. N Engl J Med 1997;337:
447–52.

65. Antman EM, McCabe CH, Gurfinkel EP, et al.
Enoxaparin prevents death and cardiac ischemic
events in unstable angina/non-Q-wave myocardial
infarction. Results of the thrombolysis in
myocardial infarction (TIMI) 11B trial. Circulation
1999;100:1593–601.

66. Ferguson JJ, Califf RM, Antman EM, et al.
Enoxaparin vs unfractionated heparin in high-risk
patients with non-ST-segment elevation acute
coronary syndromes managed with an intended
early invasive strategy: primary results of the
SYNERGY randomized trial. JAMA 2004;292:
45–54.

67. Frostfeldt G, Ahlberg G, Gustafsson G, et al.
Low molecular weight heparin (dalteparin) as
adjuvant treatment of thrombolysis in acute
myocardial infarction—a pilot study: biochemical
markers in acute coronary syndromes (BIOMACS
II). J Am Coll Cardiol 1999;33:627–33.

68. Wallentin L, Bergstrand L, Dellborg M, et al.
Low molecular weight heparin (dalteparin)
compared to unfractionated heparin as an adjunct
to rt-PA (alteplase) for improvement of coronary
artery patency in acute myocardial infarction-the
ASSENT Plus study. Eur Heart J 2003;24:
897–908.

69. Wallentin L, Goldstein P, Armstrong PW, et al.
Efficacy and safety of tenecteplase in combination
with the low-molecular-weight heparin enox-
aparin or unfractionated heparin in the prehospital
setting: the Assessment of the Safety and Efficacy
of a New Thrombolytic Regimen (ASSENT)-3 PLUS
randomized trial in acute myocardial infarction.
Circulation 2003;108:135–42.

70. Antman EM, Morrow DA, McCabe CH, et al.
Enoxaparin versus unfractionated heparin with
fibrinolysis for ST-elevation myocardial infarction.
N Engl J Med 2006;354:1477–88.

71. Gibson CM, Murphy SA, Montalescot G, et al.
Percutaneous coronary intervention in patients
receiving enoxaparin or unfractionated heparin
after fibrinolytic therapy for ST-segment elevation
myocardial infarction in the ExTRACT-TIMI 25 trial.
J Am Coll Cardiol 2007;49:2238–46.

72. Yusuf S, Mehta SR, Chrolavicius S, et al., for
the Fifth Organization to Assess Strategies in
Acute Ischemic Syndromes Investigators. Com-
parison of Fondaparinux and Enoxaparin in Acute
Coronary Syndromes. N Engl J Med 2006;354:
1464–76.

73. Mehta SR, Granger CB, Eikelboom JW, et al.
Efficacy and safety of fondaparinux versus enox-
aparin in patients with acute coronary syndromes
undergoing percutaneous coronary intervention:
results from the OASIS-5 trial. J Am Coll Cardiol
2007;50:1742–51.

74. Yusuf S, Mehta SR, Chrolavicius S, et al. Ef-
fects of fondaparinux on mortality and reinfarction
in patients with acute ST-segment elevation
myocardial infarction: the OASIS-6 randomized
trial. JAMA 2006;295:1519–30.

75. Hurlen M, Abdelnoor M, Smith P, Erikssen J,
Arnesen H. Warfarin, aspirin, or both after myocar-
dial infarction. N Engl J Med 2002;347:969–74.

76. Wallentin L, Wilcox RG, Weaver WD, et al. Oral
ximelagatran for secondary prophylaxis after
myocardial infarction: the ESTEEM randomised
controlled trial. Lancet 2003;362:789–97.

77. Oldgren J, Budaj A, Granger CB, et al., for the
RE-DEEM Investigators. Dabigatran vs. placebo in
patients with acute coronary syndromes on dual
antiplatelet therapy: a randomized, double-blind,
phase II trial. Eur Heart J 2011;32:2781–9.

78. Alexander JH, Lopes RD, James S, et al., for
the APPRAISE-2 Investigators. Apixaban with an-
tiplatelet therapy after acute coronary syndrome.
N Engl J Med 2011;365:699–708.

79. Mega JL, Braunwald E, Mohanavelu S, et al.,
for the ATLAS ACS-TIMI 46 Study Group. Rivar-
oxaban versus placebo in patients with acute
coronary syndromes (ATLAS ACS-TIMI 46): a
randomised, double-blind, phase II trial. Lancet
2009;374:29–38.

80. Mega JL, Braunwald E, Wiviott SD, et al., for
the ATLAS ACS 2–TIMI 51 Investigators. Rivarox-
aban in Patients with a Recent Acute Coronary
Syndrome. N Engl J Med 2012;366:9–19.

81. Stone GW, McLaurin BT, Cox DA, et al. Biva-
lirudin for patients with acute coronary syn-
dromes. N Engl J Med 2006;355:2203–16.

82. Stone GW, Witzenbichler B, Guagliumi G,
et al., for the HORIZONS-AMI Trial Investigators.
Bivalirudin during primary PCI in acute myocardial
infarction. N Engl J Med 2008;358:2218–30.

83. Shahzad A, Kemp I, Mars C, et al., for the
HEAT-PPCI Trial Investigators. Unfractionated
heparin versus bivalirudin in primary percutaneous
coronary intervention (HEAT-PPCI): an open-label,
single centre, randomised controlled trial. Lancet
(London, England) 2014;384:1849–58.

84. Valgimigli M, Frigoli E, Leonardi S, et al., for
the MATRIX Investigators. Bivalirudin or Unfrac-
tionated Heparin in Acute Coronary Syndromes.
N Engl J Med 2015;373:997–1009.

85. Shah R, Rogers KC, Matin K, Askari R, Rao SV.
An updated comprehensive meta-analysis of
bivalirudin vs heparin use in primary percutaneous
coronary intervention. Am Heart J 2016;171:14–24.

86. Erlinge D, Omerovic E, Fröbert O, et al. Biva-
lirudin versus heparin monotherapy in myocardial
infarction. N Engl J Med 2017;377:1132–42.

87. Lefkovits J, Plow EF, Topol EJ. Platelet
glycoprotein IIb/IIIa receptors in cardiovascular
medicine. N Engl J Med 1995;332:1553–9.

88. EPIC Investigators. Use of a monoclonal anti-
body directed against the platelet glycoprotein
IIb/IIIa receptor in high-risk coronary angioplasty.
N Engl J Med 1994;330:956–61.

http://refhub.elsevier.com/S0735-1097(19)36160-1/sref49
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref49
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref49
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref49
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref50
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref50
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref50
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref50
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref50
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref50
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref51
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref51
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref51
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref51
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref51
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref51
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref52
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref52
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref52
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref52
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref52
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref52
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref52
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref53
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref53
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref53
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref53
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref53
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref53
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref54
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref54
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref54
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref54
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref55
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref55
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref55
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref55
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref56
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref56
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref56
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref56
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref57
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref57
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref57
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref57
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref58
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref58
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref58
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref58
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref59
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref59
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref59
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref59
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref60
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref60
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref60
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref61
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref61
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref61
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref61
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref61
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref62
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref62
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref62
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref62
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref63
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref63
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref63
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref63
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref63
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref63
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref64
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref64
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref64
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref64
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref64
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref64
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref64
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref65
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref65
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref65
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref65
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref65
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref65
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref66
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref66
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref66
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref66
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref66
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref66
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref66
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref67
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref67
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref67
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref67
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref67
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref67
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref68
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref68
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref68
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref68
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref68
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref68
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref68
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref69
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref69
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref69
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref69
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref69
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref69
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref69
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref69
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref70
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref70
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref70
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref70
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref71
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref71
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref71
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref71
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref71
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref71
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref72
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref72
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref72
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref72
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref72
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref72
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref73
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref73
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref73
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref73
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref73
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref73
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref74
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref74
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref74
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref74
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref74
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref75
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref75
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref75
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref76
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref76
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref76
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref76
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref77
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref77
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref77
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref77
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref77
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref78
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref78
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref78
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref78
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref79
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref79
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref79
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref79
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref79
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref79
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref80
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref80
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref80
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref80
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref81
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref81
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref81
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref82
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref82
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref82
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref82
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref83
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref83
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref83
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref83
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref83
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref83
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref84
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref84
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref84
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref84
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref85
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref85
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref85
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref85
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref86
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref86
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref86
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref87
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref87
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref87
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref88
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref88
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref88
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref88


Szummer et al. J A C C V O L . 7 4 , N O . 1 2 , 2 0 1 9

Historical Advances in Acute Coronary Care S E P T E M B E R 2 4 , 2 0 1 9 : 1 6 1 8 – 3 6

1636
89. EPILOG Investigators. Platelet glycoprotein
IIb/IIIa receptor blockade and low-dose heparin
during percutaneous coronary revascularization.
N Engl J Med 1997;336:1689–97.

90. EPISTENT Investigators. Randomised placebo-
controlled and balloon-angioplasty-controlled
trial to assess safety of coronary stenting with
use of platelet glycoprotein-IIb/IIIa blockade.
Lancet 1998;352:87–92.

91. Lincoff AM, Califf RM, Moliterno DJ, et al., for
the Evaluation of Platelet IIb/IIIa Inhibition in
Stenting Investigators. Complementary clinical
benefits of coronary-artery stenting and blockade
of platelet glycoprotein IIb/IIIa receptors. N Engl J
Med 1999;341:319–27.

92. The CAPTURE Investigators. Randomised
placebo-controlled trial of abciximab before and
during coronary intervention in refractory unstable
angina: the CAPTURE Study. Lancet 1997;349:
1429–35.

93. Platelet Receptor Inhibition in Ischemic Syn-
drome Management in Patients Limited by Un-
stable Signs and Symptoms (PRISM-PLUS) Study
Investigators. Inhibition of the platelet glycopro-
tein IIb/IIIa receptor with tirofiban in unstable
angina and non–Q-wave myocardial infarction.
N Engl J Med 1998;338:1488–97.

94. Simoons ML. Effect of glycoprotein IIb/IIIa
receptor blocker abciximab on outcome in patients
with acute coronary syndromes without early
coronary revascularisation: the GUSTO IV-ACS
randomised trial. Lancet 2001;357:1915–24.

95. Stone GW, Bertrand ME, Moses JW, et al., for
the ACUITY Investigators. Routine upstream initi-
ation vs deferred selective use of glycoprotein IIb/
IIIa inhibitors in acute coronary syndromes: the
ACUITY Timing trial. JAMA 2007;297:591–602.

96. Giugliano RP, White JA, Bode C, et al., for the
EARLY ACS Investigators. Early versus Delayed,
Provisional Eptifibatide in Acute Coronary Syn-
dromes. N Engl J Med 2009;360:2176–90.
97. Boersma E, Harrington RA, Moliterno DJ, et al.
Platelet glycoprotein IIb/IIIa inhibitors in acute
coronary syndromes: a meta-analysis of all major
randomised clinical trials. Lancet 2002;359:
189–98.

98. Kastrati A, Mehilli J, Neumann FJ, et al., for
the Intracoronary Stenting and Antithrombotic:
Regimen Rapid Early Action for Coronary Treat-
ment 2 (ISAR-REACT 2) Trial Investigators.
Abciximab in patients with acute coronary
syndromes undergoing percutaneous coronary
intervention after clopidogrel pretreatment: the
ISAR-REACT 2 randomized trial. JAMA 2006;295:
1531–8.

99. Topol EJ. Reperfusion therapy for acute
myocardial infarction with fibrinolytic therapy or
combination reduced fibrinolytic therapy and
platelet glycoprotein IIb/IIIa inhibition: the GUSTO
V randomised trial. Lancet 2001;357:1905–14.

100. Pfeffer MA, Lamas GA, Vaughan DE,
Parisi AF, Braunwald E. Effect of captopril on
progressive ventricular dilatation after anterior
myocardial infarction. N Engl J Med 1988;319:
80–6.

101. Sharpe N, Murphy J, Smith H, Hannan S.
Treatment of patients with symptomless left
ventricular dysfunction after myocardial infarc-
tion. Lancet 1988;1:255–9.

102. Pfeffer MA, Braunwald E, Moye LA, et al., for
the SAVE Investigators. Effect of captopril on
mortality and morbidity in patients with left ven-
tricular dysfunction after myocardial infarction.
Results of the survival and ventricular enlarge-
ment trial. N Engl J Med 1992;327:669–77.

103. The Acute Infarction Ramipril Efficacy (AIRE)
Study Investigators. Effect of ramipril on mortality
and morbidity of survivors of acute myocardial
infarction with clinical evidence of heart failure.
Lancet 1993;342:821–8.

104. Køber L, Torp-Pedersen C, Carlsen JE, et al.,
for the Trandolapril Cardiac Evaluation (TRACE)
Study Group. A clinical trial of the angiotensin-
converting–enzyme inhibitor trandolapril in pa-
tients with left ventricular dysfunction after
myocardial infarction. N Engl J Med 1995;333:
1670–6.

105. Pitt B, Remme W, Zannad F, et al. Epler-
enone, a selective aldosterone blocker, in patients
with left ventricular dysfunction after myocardial
infarction. N Engl J Med 2003;348:1309–21.

106. Scandinavian Simvastatin Survival Study
Group. Randomised trial of cholesterol lowering in
4444 patients with coronary heart disease: the
Scandinavian Simvastatin Survival Study (4S).
Lancet 1994;344:1383–9.

107. Schwartz GG, Olsson AG, Ezekowitz MD,
et al., for the Myocardial Ischemia Reduction with
Aggressive Cholesterol Lowering (MIRACL) Study
Investigators. Effects of atorvastatin on early
recurrent ischemic events in acute coronary syn-
dromes: the MIRACL study: a randomized
controlled trial. JAMA 2001;285:1711–8.

108. Cannon CP, Blazing MA, Giugliano RP,
et al., for the IMPROVE-IT Investigators. Ezeti-
mibe added to statin therapy after acute coro-
nary syndromes. N Engl J Med 2015;372:
2387–97.

109. Schwartz GG, Steg PG, Szarek M, et al.,
for the ODYSSEY OUTCOMES Committees
and Investigators. Alirocumab and cardio-
vascular outcomes after acute coronary
syndrome. N Engl J Med 2018;379:
2097–107.
KEY WORDS acute coronary syndrome,
antithrombotic treatment, clinical trials,
myocardial infarction, non–ST-segment
elevation myocardial infarction, outcomes,
percutaneous coronary intervention,
reperfusion treatment, revascularization,
ST-segment elevation myocardial infarction

http://refhub.elsevier.com/S0735-1097(19)36160-1/sref89
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref89
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref89
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref89
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref90
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref90
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref90
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref90
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref90
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref91
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref91
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref91
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref91
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref91
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref91
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref92
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref92
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref92
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref92
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref92
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref93
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref93
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref93
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref93
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref93
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref93
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref93
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref94
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref94
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref94
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref94
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref94
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref95
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref95
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref95
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref95
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref95
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref96
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref96
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref96
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref96
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref97
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref97
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref97
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref97
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref97
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref98
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref98
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref98
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref98
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref98
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref98
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref98
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref98
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref98
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref99
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref99
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref99
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref99
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref99
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref100
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref100
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref100
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref100
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref100
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref101
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref101
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref101
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref101
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref102
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref102
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref102
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref102
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref102
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref102
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref103
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref103
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref103
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref103
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref103
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref104
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref104
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref104
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref104
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref104
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref104
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref104
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref105
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref105
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref105
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref105
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref105a
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref105a
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref105a
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref105a
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref105a
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref106
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref106
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref106
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref106
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref106
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref106
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref106
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref107
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref107
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref107
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref107
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref107
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref108
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref108
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref108
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref108
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref108
http://refhub.elsevier.com/S0735-1097(19)36160-1/sref108

	From Early Pharmacology to Recent Pharmacology Interventions in Acute Coronary Syndromes
	From Bedrest to Treatment and Prevention of Ventricular Arrhythmias in the 1960s
	Introduction of Beta-Blockade in MI in the 1970s
	The Rediscovery of Coronary Thrombosis and Different Types of MI in the 1980s
	Reperfusion Treatment of Acute STEMI Started in the 1980s
	Opening the Coronary Arteries and Keeping Them Open in STEMI by Primary PCI
	Platelet Inhibition With Aspirin in NSTEMI
	Early Revascularization in Unstable Angina and NSTEMI
	Dual antiplatelet therapy (in STEMI and NSTEMI)
	Cangrelor—intravenous P2Y12 inhibitor

	Anticoagulants in ACS
	Unfractionated heparin
	Low molecular weight heparin
	Fondaparinux—a subcutaneous factor Xa-inhibitor
	Oral anticoagulation

	Alternative antithrombotic periprocedural medication at PCI
	Bivalirudin
	GP IIb/IIIa inhibitors for ACS

	Improved Outcome by Angiotensin-Converting Enzyme Inhibition and Mineralocorticoid Antagonists
	Prevention of Plaque Progression and Rupture By Statins
	From Clinical Trials to Implementation in the Health Care System
	References


