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Abstract

Background: Recent updates to clinical guidelines and pharmacological indi-
cations have added to the complexity of acute coronary syndrome (ACS) man-
agement. Advanced practice nurses working with ACS patients need clear and
up-to-date information to optimize patient care.
Purpose: To provide a practical overview of the management of ACS from pa-
tient presentation through to long-term secondary prevention based on recent
guidelines and randomized controlled trials, with particular emphasis on medical
management.
Methods: Systematically reviewed recent studies and guidelines published
2011–2015 using PubMed search terms including “ACS management,” “ACS
hospital care,” and “ACS secondary prevention.”
Conclusions: The last decade has seen an increase in the number of antithrom-
botic (anticoagulant and antiplatelet) agents and an expansion of their licensed
indications for treatment of ACS patients. Future trials will help identify which
subgroups of patients will gain the greatest benefit from more intense antithrom-
botic therapy.
Implications for practice: Management of ACS is dependent on individual pa-
tient characteristics and risk stratification. Greater choice among therapies avail-
able for acute and long-term management will help to achieve optimal, patient-
tailored care.

Introduction

Coronary artery disease (CAD) is a leading cause of mor-
tality in the United States, currently accounting for one
in seven deaths (Mozaffarian et al., 2016). It has been
predicted that by 2030, close to 10% of the U.S. popu-
lation will suffer from CAD (Heidenreich et al., 2011). In
recent years, guidelines for the treatment of acute coro-
nary syndrome (ACS) patients have been updated, ad-
dressing the use of newer antiplatelet agents, including
prasugrel and ticagrelor (Amsterdam et al., 2014; O’Gara
et al., 2013). Advanced practice nurses working with
ACS patients need to be familiar with up-to-date strate-
gies for optimal care. Here, we provide a comprehensive
overview of the medical management of ACS, with a fo-
cus on recent updates. We systematically reviewed re-
cent studies and guidelines published in the last 5 years
(2011–2015) using PubMed search terms including “ACS
management,” “ACS hospital care,” and “ACS secondary
prevention.”

Etiology of ACS: Role of endothelial
dysfunction, oxidative stress, and inflammation

ACS refers to a spectrum of coronary conditions in
which there is a restriction in blood flow to myocar-
dial tissue, comprising ST-elevation myocardial infarc-
tion (STEMI), non-ST-elevation myocardial infarction
(NSTEMI), and unstable angina (UA); NSTEMI and UA
are described here collectively as non-ST-elevation ACS
(NSTE-ACS).

Underlying ACS is atherosclerosis, a complex, progres-
sive, and inflammatory condition of the arteries whereby
lipoprotein and monocytes accumulate in the subendothe-
lium to form a stenotic lesion known as a plaque. Plaque
rupture activates platelets and stimulates the coagulation
cascade, leading to thrombus formation and blockage of
blood flow to the myocardium, giving rise to ACS.

Endothelial dysfunction represents a crucial link be-
tween cardiovascular risk factors and the progression
of atherosclerosis (Versari, Daghini, Virdis, Ghiadoni, &
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Table 1 Factors associated with appropriate selection of early invasive

strategyor ischemia-guidedstrategy inpatientswithnon-ST-elevationacute

coronary syndrome (NSTE-ACS; Amsterdam et al., 2014)

Treatment

strategy Patient characteristics

Immediate

invasive

(within 2 h)

Refractory angina

Signs or symptoms of HF or new or worsening mitral

regurgitation

Hemodynamic instability

Recurrent angina or ischemia at rest or with low-level

activities despite intensive medical therapy

Sustained VT or VF
Early invasive

(within 24 h)
None of the above, but GRACE risk score >140

(Granger et al., 2003)

Temporal change in Tn

New or presumably new ST-segment depression
Delayed

invasive

(within

25–72 h)

None of the above but diabetes mellitus

Renal insufficiency (GFR <60 mL/min/1.73 m2)

Reduced LV systolic function (EF < 0.40)

Early postinfarction angina

PCI within 6 months

Prior CABG

GRACE risk score 109–140 (Granger et al., 2003); TIMI

score �2 (Antman et al., 2000)
Ischemia-

guided

strategy

Low risk score (e.g., TIMI [0 or 1] (Antman et al., 2000),

GRACE risk score [<109] (Granger et al., 2003))

Low-risk Tn-negative female patients

Patient or clinician preference in the absence of

high-risk features

CABG, coronary artery bypass grafting; EF, ejection fraction; GFR, glomeru-

lar filtration rate; GRACE, Global Registry of Acute Coronary Events; HF,

heart failure; LV, left ventricular; PCI, percutaneous coronary intervention;

TIMI, Thrombolysis in Myocardial Infarction; Tn, troponin; VF, ventricular

fibrillation; VT, ventricular tachycardia.

Adapted from the 2014 AHA/ACC guideline for themanagement of patients

with non-ST-elevation acute coronary syndromes (Amsterdam et al., 2014).

Taddei, 2009). Risk factors such as diabetes, smoking, hy-
pertension, hypercholesterolemia, and advanced age pro-
mote an increase in endothelial reactive oxygen species
and a decrease in the antioxidative system, leading to ox-
idative stress and increased levels of endothelial-derived
vasoconstriction factors (Higashi, Noma, Yoshizumi, & Ki-
hara, 2009; Versari et al., 2009). Over time, endothe-
lial cells adopt a dysfunctional proinflammatory and
prothrombotic phenotype. Areas of dysfunction are predis-
posed to the uptake and retention of lipoproteins, and sub-
sequent atherogenesis (Tabas, Garcı́a-Cardeña, & Owens,
2015).

Clinical presentation and diagnosis

Time to treatment: Golden hours

ACS typically presents with ischemic symptoms (chest
pain, shortness of breath, etc.) lasting 5–20 min, either

at rest or with minimal exertion (Thygesen et al., 2012).
Chest pain may be described as a squeezing, aching, or
burning sensation, and can be associated with nausea,
sweating, or dyspnea. Presentation with palpitations or
cardiac arrest, or asymptomatic presentation, may be more
frequent in elderly or critically ill patients, women, or
those with diabetes (Thygesen et al., 2012).

Physical examination, together with history of symp-
toms, laboratory tests, and 12-lead electrocardiogram
(ECG), form the core diagnostic strategy. ECG should be
conducted within 10 min of presentation (Class I recom-
mendation; Amsterdam et al., 2014).

A STEMI diagnosis requires persistent ECG-determined
ST-segment elevation, typically progressing to pathological
Q waves (Thygesen et al., 2012). NSTEMI and UA patients
are distinguished from STEMI patients by the absence of
persistent ST-segment elevation.

In all ACS patients, it is a Class I recommendation to es-
tablish a rise and/or fall in cardiac troponin levels (cTnI
and/or cTnT), a marker of myocardial necrosis, 3–6 h
after presentation of symptoms (Thygesen et al., 2012).
This helps to distinguish acute myocardial ischemia from
chronic conditions affecting the heart (e.g., congestive
heart failure, cardiomyopathy, or hypertension). To con-
firm a diagnosis of STEMI or NSTEMI, serum cTn should
exceed the 99th percentile of the upper limit of normal on
at least one occasion within the first 24 h of presentation,
together with ischemic symptoms (Thygesen et al., 2012).
UA patients lack a detectable increase in serum cTn. More-
over, cardiac damage may be because of factors other than
ischemia (type 1 myocardial infarction [MI]), and in such
cases is referred to as type 2 MI (Thygesen et al., 2012).
Elevated troponin may be observed in several other con-
ditions, including renal failure, diabetes, and respiratory
failure.

Once the diagnosis of ACS is made, calculating an in-
dividual’s risk helps to guide future therapy. As myocar-
dial necrosis develops rapidly from the onset of ischemia,
the window of opportunity for optimal myocardial sal-
vage is limited. Risk stratification to predict the likelihood
of adverse outcomes and to determine the optimal man-
agement strategy should, therefore, be performed as soon
as possible after presentation (Amsterdam et al., 2014).
Risk scores, most commonly Thrombolysis in Myocardial
Infarction (TIMI) and Global Registry of Acute Coronary
Events (GRACE), predict early and long-term adverse out-
comes after ACS, based on patient characteristics, and are
recommended to be used as part of the work-up of NSTE-
ACS patients (Table 1; Antman et al., 2000; Granger et al.,
2003). Higher scores are associated with increased mortal-
ity and risk of adverse events (Figure 1). An early invasive
strategy (percutaneous coronary intervention [PCI] within
24 h) is recommended in patients with higher risk scores

225



Medical management of ACS N. Ciffone & B. B. Dokken

Figure 1 Thrombolysis inMyocardial Infarction (TIMI)RiskScore fornon-ST-

elevation acute coronary syndrome (NSTE-ACS; Antman et al., 2000). Rates

of all-cause mortality, myocardial infarction, and severe recurrent ischemia

prompting urgent revascularization through 14 days after randomization

were calculated for various patient subgroups based on the number of risk

factors present in the test cohort (the UFH group in the TIMI 11B trial; n =
1957). Event rates increased significantly as the TIMI risk score increased

(p < .001 by χ2 for trend). UFH, unfractionated heparin. (Adapted from

Antman et al., 2000.)

(TIMI score �3; GRACE scale >140; Amsterdam et al.,
2014; Cannon et al., 2001; Mehta et al., 2009).

Management strategies: Invasive vs. noninvasive

STEMI patients eligible for an immediate invasive strat-
egy are recommended to undergo PCI within �120 min
of first medical contact, with a door-to-device time of
�90 min (Class I recommendation; Figure 2; O’Gara et al.,
2013). PCI involves opening of the occluded coronary
artery, using a balloon catheter to dilate the artery, and
allowing a stent (either bare-metal or drug-eluting) to be
inserted. PCI itself is a potent thrombotic stimulus and also
carries with it an increased risk of periprocedural bleeding
(e.g., from through-and-through femoral arterial stick or
arterial dissection injuries), a problem compounded by the
anticoagulant and antiplatelet agents that are required to
prevent stent thrombosis. Radial access may be used and
has been associated with a reduction in adverse clinical
events, bleeding, and mortality compared with the femoral
approach (Valgimigli et al., 2015).

NSTE-ACS patients may undergo an early invasive strat-
egy (PCI within 24 h) or a delayed invasive strategy (PCI
within 25–72 h), according to individual risk level (Am-
sterdam et al., 2014). Those with risk scores indicating

intermediate or high risk (TIMI score �3; GRACE scale
>140) and those who develop ST-segment depression are
recommended for early invasive management (Table 1,
Figure 3).

Initial conservative management, now referred to as an
ischemia-guided strategy, with prompt initiation of an-
tiplatelet and anticoagulant therapy, is recommended for
NSTE-ACS patients with extensive comorbidities (such
as cancer or renal, hepatic, or pulmonary failure) and
in those with a low risk score, or may be based on
physician and patient preference in the absence of high-
risk features (Amsterdam et al., 2014). Patients selected
for an ischemia-guided strategy should be continually
monitored, with the potential for delayed PCI if medi-
cal management proves ineffective (Figure 3). Low- and
intermediate-risk NSTE-ACS patients who have been free
of ischemia at rest or with low-level activity (minimum
12–24 h) should undergo noninvasive stress testing (Class
I recommendation; Amsterdam et al., 2014). If there are
no observed ST changes at rest and the patient is able to
exercise, a treadmill test is reasonable. Alternatives include
an exercise test with imaging for patients with ST changes
and a pharmacological test with imaging for those unable
to exercise (Amsterdam et al., 2014).

Coronary artery bypass grafting (CABG) may be selected
for ACS patients with STEMI if coronary anatomy is not
deemed amenable to PCI (O’Gara et al., 2013). Similarly,
NSTE-ACS patients, particularly those with complex and
extensive multivessel disease, may be selected for CABG
over PCI (Amsterdam et al., 2014).

In areas with fewer PCI-capable hospitals, pharmaco-
logical reperfusion with a fibrinolytic agent (tenecteplase
or reteplase), coupled with adjunctive antiplatelet ther-
apy, remains an important therapy for STEMI patients
and is recommended when PCI cannot be achieved within
�120 min (Figure 2; O’Gara et al., 2013). NSTE-ACS pa-
tients do not benefit from fibrinolytic therapy.

Acute medical therapies

Whether patients undergo an early invasive or more
conservative approach, it is imperative that drug therapy
is carefully managed and tailored to individual risk factors
(Class I recommendation; Amsterdam et al., 2014; O’Gara
et al., 2013). To relieve chest pain, sublingual adminis-
tration of nitroglycerin up to three times at 5-min inter-
vals should be provided to all ACS patients on presen-
tation, with the exception of those with hypotension or
marked bradycardia or tachycardia or those taking phos-
phodiesterase inhibitors. Oxygen supplementation should
be restricted to patients with respiratory distress or features
of hypoxemia, that is, oxygen saturation levels <90%,
and used with particular caution in those with chronic
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Figure 2 Algorithm for ST-elevation myocardial infarction (STEMI) in-hospital management (O’Gara et al., 2013). PCI, percutaneous coronary intervention.

(Based on O’Gara et al., 2013.)

obstructive pulmonary disease (Amsterdam et al., 2014;
O’Gara et al., 2013). In addition, morphine may be rea-
sonable for patients with persistent ischemic pain after ni-
troglycerin and beta-blocker treatment (Amsterdam et al.,
2014; O’Gara et al., 2013). However, recent evidence in-
dicates that concomitant morphine may decrease or de-
lay the effectiveness of antiplatelet therapies (Kubica et al.,
2016).

A high level of circulating low-density lipoprotein
cholesterol is a major contributor to atherosclerotic plaque
development and rupture. Early administration of a statin
reduces mortality and adverse events in ACS patients
(Cholesterol Treatment Trialists’ Collaboration, 2010). De-
spite this well-established benefit, a recent study of CAD
patients found an overall low use of intensive statin ther-
apy, as recommended in American College of Cardiol-
ogy (ACC)/American Heart Association (AHA) guidelines

(Stone et al., 2014), with only 12.2% receiving high-
intensity statins from hospitalization to 30 days postevent
(Unni et al., 2016). Moreover, 39% of patients received
no statin at all 1 year after the index event. In addi-
tion to their lipid-modifying effects, statins may have anti-
inflammatory effects, as demonstrated by a reduction in
C-reactive protein (Ridker et al., 2008). Inflammation is
an important component in plaque development and pro-
gression and may explain the pleiotropic benefit of statin
therapy (Zhou & Liao, 2010).

Independent of a diagnosis of diabetes, hyperglycemia
upon presentation is associated with increased short-
and long-term mortality among ACS patients (Angeli
et al., 2010). It is recommended that blood glucose
be maintained below 180 mg/dL, while avoiding hypo-
glycemia (<70 mg/dL; Amsterdam et al., 2014; O’Gara
et al., 2013).
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Figure 3 Triage algorithm for non-ST-elevation acute coronary syndrome (NSTE-ACS)management (Amsterdamet al., 2014). ASA, acetylsalicylic acid; CABG,

coronary artery bypass graft; GPI, glycoprotein inhibitor; LOE, level of evidence; PCI, percutaneous coronary intervention; UFH, unfractionated heparin.
†Patients treated solely with fondaparinux should receive an additional anticoagulant with anti-IIa activity at the time of PCI to prevent catheter thrombosis.

(Adapted from Amsterdam et al., 2014.)
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Hypertension is an established risk factor for poor prog-
nosis following ACS (Antman et al., 2000; Morrow et al.,
2000). Oral beta-blockers (e.g., metoprolol or carvedilol)
should be prescribed to all patients within the first 24 h
of presentation, excluding patients at risk for cardiogenic
shock, those with evidence of congestive heart failure, or
those with atrioventricular block or other contraindica-
tions (Amsterdam et al., 2014; O’Gara et al., 2013). If beta-
blockers are contraindicated or ischemia persists with beta-
blocker therapy and nitrates, an oral, nondihydropyridine
calcium channel blocker such as verapamil or diltiazem
should be prescribed. Angiotensin-converting enzyme in-
hibitor therapy should be initiated in patients with hyper-
tension, diabetes mellitus, stable chronic kidney disease, or
left ventricular ejection fraction <0.40 (Class I recommen-
dation; Amsterdam et al., 2014).

Antithrombotic therapy

Oral antiplatelet agents

Early initiation of aspirin is a Class I recommendation in
all ACS patients, irrespective of whether patients are un-
dergoing PCI (Amsterdam et al., 2014; O’Gara et al., 2013).
Nonenteric-coated, chewable aspirin (162–325 mg) should
be given as soon as possible following symptom onset, and
followed by 75–162 mg/day indefinitely (Table 2).

Guidelines recommend that all ACS patients receive
a P2Y12 inhibitor alongside aspirin therapy during acute
management and for at least 12 months following ACS
(Table 2; Amsterdam et al., 2014; Levine et al., 2016;
O’Gara et al., 2013). Choice among P2Y12 inhibitors is de-
pendent on patient management strategy, ischemic his-
tory, and individual bleeding risk (Levine et al., 2016).
A significant proportion of ACS patients display high on-
clopidogrel platelet reactivity, which is associated with
recurrent ischemic events and poorer prognosis (Garabe-
dian, 2013). Newer P2Y12 inhibitors, prasugrel and tica-
grelor, offer a more rapid and stable inhibition of platelet
reactivity and a reduction in adverse ischemic events over
clopidogrel (Wallentin et al., 2009; Wiviott et al., 2007).

STEMI patients undergoing primary PCI should receive
a P2Y12 inhibitor loading dose as early as possible or at
the time of PCI in addition to aspirin: clopidogrel 600 mg,
prasugrel 60 mg, or ticagrelor 180 mg (O’Gara et al.,
2013). Earlier administration may improve outcomes in
STEMI patients: prehospital versus in-hospital treatment
with ticagrelor was associated with a reduction in stent
thrombosis at 30 days in STEMI patients in the ATLANTIC
study, but did not significantly improve reperfusion prior
to angiography or ST-segment resolution prior to PCI
(Montalescot et al., 2014). A maintenance dose, clopido-
grel 75 mg daily, prasugrel 10 mg daily, or ticagrelor 90 mg
twice daily, should be given to STEMI patients post-PCI

for at least 12 months, irrespective of stent type (O’Gara
et al., 2013). It may be reasonable to continue therapy be-
yond 12 months in patients without a high risk of bleeding
(Levine et al., 2016).

STEMI patients treated with fibrinolysis are recom-
mended to receive clopidogrel 300 mg (75 mg if >75 years
old) in addition to aspirin. Clopidogrel should be con-
tinued for at least 14 days (75 mg daily), but preferably
for 12 months (O’Gara et al., 2013). As with STEMI pa-
tients treated with PCI, continuing P2Y12 therapy beyond
12 months may be reasonable depending on an individ-
ual’s bleeding risk (Levine et al., 2016).

NSTE-ACS patients managed with an invasive strategy
are recommended to receive a loading dose of clopidogrel
600 mg, prasugrel 60 mg, or ticagrelor 180 mg (Amster-
dam et al., 2014). However, guidelines do not currently
specify exact timing of P2Y12 administration in NSTE-ACS
patients. Pretreatment may not confer a net benefit in
NSTE-ACS patients: prasugrel treatment prior to angiogra-
phy greatly increased major bleeding, without a reduction
in ischemic endpoints (Montalescot et al., 2013).

Maintenance therapy for invasively managed NSTE-ACS
patients (clopidogrel 75 mg daily, prasugrel 10 mg daily,
or ticagrelor 90 mg twice daily) is recommended for at
least 12 months (Amsterdam et al., 2014). Therapy beyond
12 months is reasonable in NSTE-ACS patients fitted with
bare-metal or drug-eluting stents if treatment is tolerated
well and there is no evidence of high bleeding risk (Levine
et al., 2016).

NSTE-ACS patients who are medically managed are rec-
ommended to receive a loading dose of either clopido-
grel 300 mg or ticagrelor 180 mg, followed by at least
12 months of respective maintenance therapy (Amsterdam
et al., 2014; Levine et al., 2016). Prasugrel was not shown
to confer any benefit over clopidogrel in patients man-
aged with pharmacotherapeutics only in the TRILOGY-
ACS study and is not recommended for ACS patients who
are not undergoing PCI (Roe et al., 2012).

Patients undergoing emergent CABG should not re-
ceive P2Y12 inhibitor therapy, and those undergoing elec-
tive CABG should discontinue therapy at least 5 days
(clopidogrel and ticagrelor) or 7 days (prasugrel) before
surgery. Postprocedure, P2Y12 inhibitor therapy should
be resumed for up to 12 months from the index
event.

Across all ACS patients, P2Y12 inhibitors are contraindi-
cated in those with active pathological bleeding. Clopido-
grel should not be used concomitantly with CYP2C19 in-
hibitors such as omeprazole or esomeprazole and should
be used with caution in those with a recent stroke or
transient ischemic attack (TIA; BMS, 2011). Prasugrel is
not recommended for use in patients with a history of
stroke or TIA, those >75 years old, or those weighing

229



Medical management of ACS N. Ciffone & B. B. Dokken

Table 2 Antiplatelet therapy in acute coronary syndrome (ACS) management (Amsterdam et al., 2014; O’Gara et al., 2013)

Recommendations and dosing

NSTE-ACS

Drug STEMI Early invasive management Ischemia-guided management

Aspirin Nonenteric-coated aspirin to all patients

promptly after presentation

Nonenteric-coated aspirin to all patients promptly after presentation

Loading dose 162–325 mg load before procedure 162–325 mg load before procedure

Maintenance dose 81–325 mg daily maintenance dose

(indefinite)

81 mg daily is the preferred maintenance

dose when used with P2Y12 inhibitors

81–325 mg daily maintenance dose (indefinite)

81 mg daily is the preferred maintenance dose with

concomitant ticagrelor

P2Y12 inhibitors

Loading dose Clopidogrel: 600 mg as early as possible or at

time of PCI

Prasugrel: 60 mg as early as possible or at

time of PCI

Ticagrelor: 180 mg as early as possible or at

time of PCI

As for STEMI Clopidogrel: 600 mg on presentation

Prasugrel: 60 mg on presentation

Ticagrelor: 180 mg on presentation

Ticagrelor in preference to clopidogrel for patients treated with

an early invasive or ischemia-guided strategy

Maintenance dose Clopidogrel: 75 mg/day

Prasugrel: 10 mg/day

Ticagrelor: 90 mg twice daily

12-month duration for all patients post-PCI

with coronary stenting

Prasugrel contraindicated in patients with

prior stroke, �75 years old, and <60 kg

body weight, and should be discontinued 7

days before surgery because of increased

bleeding risk

As for STEMI Clopidogrel: 75 mg/day

Prasugrel: 10 mg/day

Ticagrelor: 90 mg twice daily

Up to 12 months’ duration

Prasugrel contraindicated in patients

with prior stroke,>75 years old, and

<60 kg body weight

NSTE-ACS, non-ST-elevation acute coronary syndrome; PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction.

Adapted from the 2013 ACCF/AHA guideline for themanagement of ST-elevationmyocardial infarction (O’Gara et al., 2013) and the 2014 AHA/ACC guideline

for the management of patients with non-ST-elevation acute coronary syndromes (Amsterdam et al., 2014).

<60 kg (Eli Lilly, 2011). Ticagrelor is contraindicated in
those with a history of intracranial hemorrhage and should
not be paired with strong CYP3A inhibitors or inducers
(AstraZeneca, 2015). Maintenance doses of aspirin above
100 mg reduce the effectiveness of ticagrelor and should
be avoided.

Intravenous antithrombotic therapy

With the now-routine use of dual oral antiplatelets in
patients managed with PCI, additional use of upstream gly-
coprotein (GP) IIb/IIIa receptor inhibitors such as abcix-
imab, eptifibatide, and tirofiban is reserved for urgent PCI
or STEMI patients with particularly high thrombotic risk
(Amsterdam et al., 2014; O’Gara et al., 2013).

Cangrelor is an intravenous, direct-acting P2Y12 in-
hibitor, recently approved as an adjunctive therapy for
ACS patients undergoing primary or early PCI who have
not already received pretreatment with an oral P2Y12 in-

hibitor. In the CHAMPION PHOENIX trial, cangrelor re-
duced the rate of adverse cardiovascular events at 48 h by
22%, compared with clopidogrel, without an increase in
severe bleeding (Bhatt et al., 2013). Cangrelor administra-
tion may reduce the inhibitory action of thienopyridines
clopidogrel and prasugrel, but not ticagrelor (Judge,
Buckland, Jakubowski, & Storey, 2016). Further trials are
required to compare cangrelor with prasugrel and tica-
grelor, particularly when time to angiography is short and
patients may benefit from pretreatment.

Short-term (up to 7 days) treatment with anticoagulants
in addition to antiplatelet therapy further reduces the risk
of recurrent ischemia in ACS patients (Eikelboom et al.,
2000). The direct thrombin inhibitor bivalirudin reduces
the incidence of major bleeding at 30 days by 40% when
compared with combined use of unfractionated heparin
and GP IIb/IIIa inhibitors, and is approved for use in all
ACS patients, irrespective of management strategy (Ams-
terdam et al., 2014; Stone et al., 2008). Fondaparinux also
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Table 3 Anticoagulant therapy in acute coronary syndrome (ACS) management (Amsterdam et al., 2014; O’Gara et al., 2013)

Recommendations and dosing

NSTE-ACS

Drug STEMI Early invasive management Ischemia-guided management

UFH With GP IIb/IIIa receptor antagonist

planned: 50–70 U/kg IV bolus to

achieve therapeutic ACT

With no GP IIb/IIIa receptor antagonist

planned: 70–100 U/kg bolus to

achieve therapeutic ACT

IV administration until PCI is

performed

Initial loading dose 60 IU/kg (max 4000

IU) with initial infusion 12 IU/kg/h

(max 1000 IU/ h)

Adjusted to therapeutic aPTT range

IV administration for 48 h

Initial loading dose 60 IU/kg (max

4000 IU) with initial infusion

12 IU/kg/h (max 1000 IU/ h)

Adjusted to therapeutic aPTT range

Enoxaparin

(LMWH)

Enoxaparin not recommended for

primary PCI strategy
Subcutaneous administration until PCI

is performed

1 mg/kg SC every 12 h (reduce dose to

1 mg/kg/day SC in patients with CrCl

<30 mL/min)

Subcutaneous administration until PCI

is performed

1 mg/kg SC every 12 h (reduce dose to

1 mg/kg/day SC in patients with CrCl

<30 mL/min)

Fondaparinux

(synthetic

factor Xa

inhibitor)

Fondaparinux does not provide

adequate anticoagulation for

primary PCI, and additional bolus

UFH or bivalirudin is needed

Should not be reinstated until 48 h

post-CABG

SC administration until PCI is

performed

2.5 mg daily SC

Administer additional anticoagulant

with anti-GP IIb/IIIa activity if PCI is

performed while patient is on

fondaparinux

SC administration for up to 8 days or

duration of hospitalization if patient

discharged sooner

2.5 mg daily SC

Bivalirudin Bivalirudin: 0.75 mg/kg IV bolus, then

1.75 mg/kg/h infusion with or

without prior treatment with UFH.

An additional bolus of 0.3 mg/kg

may be given if needed.

Reduce infusion to 1 mg/kg/h with

estimated CrCl <30 mL/min

Preferred over UFH with GP IIb/IIIa

receptor antagonist in patients at

high risk of bleeding

0.10 mg/kg loading dose, followed by

0.25 mg/kg/h until diagnostic

angiography or PCI is performed

Only provisional use of GP IIb/IIIa

inhibitor in patients also treated

with dual antiplatelet therapy

Not indicated

ACT, activated clotting time; aPPT, activatedpartial thromboplastin time; CABG, coronary artery bypass grafting; CrCl, creatinine clearance; GP, glycoprotein;

IV, intravenous; LMWH, low-molecular-weight heparin; NSTE-ACS, non-ST-elevation acute coronary syndrome; PCI, percutaneous coronary intervention; SC,

subcutaneous; STEMI, ST-elevation myocardial infarction; UFH, unfractionated heparin.

Adapted from the 2013 ACCF/AHA guideline for themanagement of ST-elevationmyocardial infarction (O’Gara et al., 2013) and the 2014 AHA/ACC guideline

for the management of patients with non-ST-elevation acute coronary syndromes (Amsterdam et al., 2014).

reduces the incidence of major bleeding, compared with
enoxaparin, but is not recommended as the sole anticoag-
ulant for PCI, as there is a risk of catheter thrombosis (Jolly
et al., 2009; O’Gara et al., 2013; Table 3).

Long-term secondary prevention

Low-dose aspirin should be continued indefinitely fol-
lowing ACS, and it is well established that continua-
tion with dual antiplatelet therapy for 12 months reduces
the risk of recurrent adverse cardiovascular events in a
broad range of ACS patients and management strategies
(Wallentin et al., 2009; Wiviott et al., 2007; Yusuf et al.,
2001). Low aspirin doses (75–100 mg) are preferable to re-
duce the risk of bleeding or interference with the efficacy

of other antiplatelet agents. Long-term dual antiplatelet
therapy may consist of aspirin plus clopidogrel, ticagrelor,
or prasugrel for ACS patients who underwent PCI, or as-
pirin plus clopidogrel or ticagrelor in those who did not.
Patients with a history of ACS longer than 1 year ago but
who have remained free of recurrent ischemic events are
considered to have transitioned to stable ischemic heart
disease, and may benefit from longer term dual antiplatelet
therapy (Levine et al., 2016). PEGASUS-TIMI 54 investi-
gated the benefit of long-term dual ticagrelor and aspirin
therapy in stable patients with a history of MI 1–3 years
prior (Bonaca et al., 2015). Ticagrelor 60 or 90 mg twice
daily up to 33 months significantly reduced adverse car-
diovascular events, compared with aspirin alone (Bonaca
et al., 2015). Ticagrelor has subsequently been approved
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for use beyond 12 months post-ACS at a dose of 60 mg
twice daily (AstraZeneca, 2015).

Secondary prevention: Risk factor modification

In addition to the medical management recommenda-
tions outlined above, it is important that patients are en-
couraged to manage comorbidities and risk factors with
lifestyle modification. The AHA/American College of Car-
diology Foundation (ACCF) guidelines on secondary pre-
vention recommend that all patients with ACS or who are
immediately postrevascularization procedure should be re-
ferred to a comprehensive outpatient cardiovascular reha-
bilitation program (Class I recommendation; Smith et al.,
2011). A good cardiovascular rehabilitation program will
provide ACS patients with education and counselling on
physical activity/exercise, dietary approaches, and stress
management to help control risk factors such as hyper-
tension and hyperlipidemia. All patients should also be en-
couraged to quit tobacco use and offered appropriate coun-
selling or referral to a smoking cessation program (Smith
et al., 2011).

The guidelines also recommend that all patients with
cardiovascular disease should have an annual influenza
vaccine (Class I recommendation) and be screened for de-
pression (Class IIa recommendation; Smith et al., 2011).

Bleeding risk

Reduction in ischemic risk must be balanced with the
accompanying increase in bleeding risk. Although it is rec-
ommended that dual antiplatelet therapy should be con-
tinued for a year in ACS patients, it may be reasonable
for patients who experience significant overt bleeding to
discontinue treatment at 6 months (Class IIb recommen-
dation; Levine et al., 2016). It is now understood that in-
cidence of bleeding is itself an important predictor of ad-
verse outcomes post-ACS, and scores to quantify bleeding
risk have been established (Mehran et al., 2009; Subher-
wal et al., 2009). Accordingly, recent guidelines highlight
the importance of establishing an individual benefit-risk
ratio based on ischemic and bleeding risk (Levine et al.,
2016). However, risk factors for bleeding may also be risk
factors for CAD, adding further complexity to the choice of
secondary prevention strategy (Steg et al., 2011). Further
trials are needed to establish which patients will benefit
from prolonged dual antiplatelet therapy.

Special populations

Elderly

While the risk of adverse outcomes following ACS in-
creases with age, so does the risk of bleeding (Moscucci
et al., 2003; Pocock et al., 2015). Because of pharma-

cokinetic and pharmacodynamic variation in older, com-
pared with younger, patients, guidelines recommend ad-
justing dosage based on weight and creatinine clearance,
and taking into account comorbidities, cognitive function,
and life expectancy when deciding the course of treat-
ment (Amsterdam et al., 2014; O’Gara et al., 2013). Given
the aging U.S. population, patients >75 years old are ex-
pected to contribute an increasing proportion of the total
incidence of ACS. Because observational data suggest el-
derly patients are often undertreated, the need for trials
looking at this cohort is pressing (Avezum et al., 2005).
The ongoing POPular AGE study is investigating optimal
P2Y12 inhibitor therapy in elderly patients with NSTE-ACS
(Qaderdan et al., 2015).

Women

Women with ACS tend to be older and have more co-
morbidities, such as accompanying heart failure or dia-
betes, compared with men. Despite this, studies show that
women are less likely to undergo PCI, and their time to
treatment is more often delayed (Alonso et al., 2010). Cur-
rent guidelines recommend treating women with ACS the
same as men, taking into account differences in body sur-
face area, body weight, and concurrent illnesses, as female
sex is also an independent risk factor for bleeding (Ams-
terdam et al., 2014; Moscucci et al., 2003; O’Gara et al.,
2013). To date, there has been no evidence of a difference
in response to antiplatelet therapy in men and women
(Husted et al., 2014; Zaccardi, Pitocco, Willeit, & Laukka-
nen, 2015). However, the percentage of women repre-
sented in randomized trials for cardiovascular disease has
remained low and unchanged over the last 20 years (Basili,
Raparelli, Proietti, Tanzilli, & Franconi, 2015). Dedicated
trials investigating sex differences in ACS management are
needed to optimize treatment for women.

Diabetes

Type 2 diabetes mellitus is associated with an impaired
response to clopidogrel therapy and high on-clopidogrel
platelet reactivity (Angiolillo et al., 2014). There is in-
creasing evidence, however, that the increased potency of
ticagrelor may translate into improved outcomes in dia-
betic patients with ACS. For example, ticagrelor was con-
sistently more effective in reducing adverse cardiovascular
outcomes, compared with clopidogrel, irrespective of dia-
betes status and glycemic control, in PLATO (James et al.,
2010). Moreover, in a pharmacodynamic study of ACS pa-
tients undergoing PCI, diabetes and insulin-treatment sta-
tus did not appear to have an impact on reduced platelet
reactivity in response to ticagrelor (Alexopoulos et al.,
2015).
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Atrial fibrillation

Oral anticoagulants are considered the mainstay of ther-
apy in patients with atrial fibrillation to prevent stroke
and peripheral thromboembolic events. The direct throm-
bin inhibitor dabigatran and factor Xa inhibitors rivarox-
aban, apixaban, and edoxaban are considered superior to
warfarin in this setting (Lip et al., 2014). Because the ad-
dition of dual antiplatelet therapy to anticoagulant ther-
apy more than doubles the risk of bleeding in a time-
dependent manner (Dans et al., 2013), patients requiring
both long-term antiplatelet and anticoagulation therapy
are at a particularly high risk of bleeding. Trials evaluat-
ing triple therapy in this subgroup are ongoing, including
PIONEER AF-PCI, RE-DUAL PCI, and ISAR TRIPLE. The
current recommendation is to use clopidogrel as the P2Y12

inhibitor component, and to minimize the dose and du-
ration of triple therapy as much as possible (Amsterdam
et al., 2014; Lip et al., 2014).

Conclusion

Since the 1960s, overall in-hospital and long-term mor-
tality rates for MI and CAD have fallen consistently. Al-
most half of this reduction is attributable to improvements
in patient treatment and 21% to pharmacological manage-
ment alone (Mozaffarian et al., 2015).

The options for acute and long-term treatment of ACS
patients have increased in recent years. Greater choice in
terms of pharmacological therapies and duration of treat-
ment allows for optimal, individualized care to improve
outcomes.
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