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Bl ABSTRACT

Antiplatelet and anticoagulant drugs are the mainstay

of treatment of acute coronary syndrome (ACS). The last
30 years have seen the development of various agents, a
deeper understanding of the pathobiology of this disease,
and an evolution in its treatment. We review the role of
contemporary agents in ACS and highlight key clinical
trials of these agents.

B KEY POINTS

Although antiplatelet and anticoagulant drugs reduce
the risk of ischemic events, including coronary death,
they also increase the risk of bleeding, reducing their net
benefit. But the risk of bleeding can be managed.

All patients experiencing an ACS should receive a single
dose of aspirin 325 mg and should be instructed to chew
it; this should be followed by 81 mg daily.

Patients who are not expected to undergo coronary artery
bypass grafting on an urgent basis should also receive
clopidogrel, prasugrel, or ticagrelor.

Glycoprotein llb/llla inhibitors are being used less now
than in the past.

The use of unfractionated heparin is being challenged by
newer parenteral anticoagulants, ie, bivalirudin, enoxapa-
rin, and fondaparinux.

The role of oral anticoagulants (warfarin, rivaroxaban,
apixaban, and dabigatran) in ACS is uncertain.
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ANTIPLATELET AND ANTICOAGULANT drugs
are a cornerstone of the medical treat-
ment of acute coronary syndrome (ACS),
reducing the rates of both morbidity and
death.!* However, reductions in ischemic
events with these drugs have uniformly been
accompanied by increases in bleeding com-
plications, which reduce the net benefit.’
Thus, clinical research has been exploring
ways to maximize the benefit while minimiz-
ing the risk.

Here, we review the guidelines and evi-
dence supporting the use of antiplatelet and
anticoagulant drugs in ACS.

B ACUTE CORONARY SYNDROMES
WITH OR WITHOUT ST ELEVATION

A key distinction when treating ACS is
whether the electrocardiogram shows ST-
segment elevation. In cases of non-ST-ele-
vation ACS (ie, unstable angina or non-ST-
elevation myocardial infarction), a second
key question is whether the initial strategy
will be invasive (with angiography performed
urgently) or conservative (with angiography
performed later). In ST-elevation myocar-
dial infarction, another distinction is how
perfusion is to be restored, ie, with primary
percutaneous coronary intervention or with
thrombolysis. All these questions affect the
choice of antiplatelet and anticoagulant
therapy.

FIGURE 1 and FIGURE 2 summarize the guide-
lines of the American College of Cardiology
Foundation and American Heart Associa-
tion. 267
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Drugs discussed in this article

abciximab (ReoPro) enoxaparin (Lovenox)  protamine sulfate
apixaban (Eliquis) eptifibatide (Integrelin)  rivaroxaban (Xarelto)
aspirin fondaparinux (Arixtra) ticagrelor (Brilinta)
bivalirudin (Angiomax)  heparin tirofiban (Aggrastat)

clopidogrel (Plavix) warfarin (Coumadin)

dabigatran (Pradaxa)

omeprazole (Prilosec)
prasugrel (Effient)

Acronyms of trials discussed in this paper

ACUITY—The Acute Catheterization and Urgent Intervention Triage
Strategy trial*?

APPRAISE-2—The second Apixaban for Prevention of Acute Ischemic
Events trial*®

ATLAS ACS 2-TIMI 51—The Anti-Xa Therapy to Lower Cardiovas-
cular Events in Addition to Standard Therapy in Subjects With Acute
Coronary Syndrome—Thrombolysis In Myocardial Infarction 51 trial*
ATOLL—The Acute STEMI Treated With Primary PCl and Intravenous
Enoxaparin or UFH to Lower Ischemic and Bleeding Events at Short-
and Long-Term Follow-up trial*®

CARS—Coumadin Aspirin Reinfarction Study*’

CHAMP—The Combination Hemotherapy and Mortality Prevention
study*®

CLOVIS-2—The second Clopidogrel and Response Variability Investi-
gation Study'®

CURE—The Clopidogrel in Unstable Angina to Prevent Recurrent
Events trial'®

ESSENCE—The Efficacy and Safety of Subcutaneous Enoxaparin in
Non-Q wave Coronary Events trial*

EXTRACT-TIMI 25—Enoxaparin and Thrombolysis Reperfusion for
Acute Myocardial Infarction Treatment—Thrombolysis in Myocardial
Infarction 25 trial*

HORIZONS-AMI—The Harmonizing Outcomes With Revasculariza-
tion and Stents in Acute Myocardial Infarction trial*>
ISAR-REACT—The Intracoronary Stenting and Antithrombotic Regi-
men—Rapid Early Action for Coronary Treatment trial**

ISIS-2—The second International Study of Infarct Survival®
OASIS-5—The fifth Organization to Assess Strategies in Acute Isch-
emic Syndromes trial*

0ASIS-6—The sixth Organization to Assess Strategies in Acute Isch-
emic Syndromes trial®

PLATO—The Platelet Inhibition and Patient Outcomes trial?#%
PURSUIT—The Platelet Glycoprotein Ilb/llla in Unstable Angina:
Receptor Suppression Using Integrilin (eptifibatide) Therapy trial®'
RE-DEEM—The Randomized Dabigatran Etexilate Dose Finding Study
in Patients With Acute Coronary Syndromes trial*'

SYNERGY—The Superior Yield of the New Strategy of Enoxaparin,
Revascularization, and Glycoprotein lIb/llla Inhibitors trial*!
TRILOGY-ACS—The Targeted Platelet Inhibition to Clarify the Opti-
mal Strategy to Medically Manage Acute Coronary Syndromes trial*
TRITON-TIMI 38—Trial to Assess Improvement in Therapeutic Out-
comes by Optimizing Platelet Inhibition With Prasugrel-Thrombolysis
in Myocardial Infarction 38%

WARIS II—The second Warfarin, Aspirin, Reinfarction Study*
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Aspirin for all

Aspirin irreversibly acetylates the enzyme cy-
clooxygenase-1, blocking intraplatelet forma-
tion of thromboxane A2 (FGuREe 3), a potent
platelet aggregator and endothelial vasocon-
strictor. Large clinical trials have confirmed
that aspirin reduces morbidity and mortal-
ity rates by as much as 50% in patients with
ACSS

The ISIS-2 trial’ found that giving aspi-
rin early in the emergency department signifi-
cantly reduced the mortality rate.

The Antithrombotic Trialists’ Collabo-
ration,'° in a meta-analysis of randomized
controlled trials comparing different doses of
aspirin in high-risk ACS patients, found no
greater benefit for doses of aspirin higher than
162 mg per day when used long-term.

How to use. During an ACS, the patient
should receive one dose of aspirin 325 mg (the
standard high-dose pill in the United States).
This dose should be chewed, as buccal absorp-
tion results in more rapid systemic effects.!!

Thereafter, the patient should take 81 mg
per day, continued indefinitely. The 81-mg
dose also applies to patients who undergo a
percutaneous coronary intervention with a
drug-eluting stent.” Previous recommenda-
tions called for higher doses, but studies have
shown that higher doses pose a higher risk of
bleeding without additional clinical benefit.
The use of enteric-coated aspirin does not
reduce this risk,'? and its delayed release may
in fact cause aspirin “pseudoresistance.”’’

The concurrent use of nonsteroidal anti-
inflammatory drugs (NSAIDs) should be
avoided, as NSAIDs reversibly bind to plate-
lets, thus preventing aspirin from binding.!*
As aspirin washes out of the body, NSAIDs
may then become unbound from platelets,
leaving platelets activated.

P2Y12 receptor inhibitors:

Clopidogrel, prasugrel, ticagrelor

These agents bind to P2Y12 receptors on
platelets to inhibit adenosine diphosphate-
mediated platelet activation (riGure 3). Clopi-
dogrel and prasugrel are irreversible prodrugs,
whereas ticagrelor binds reversibly.
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Non-ST-elevation acute coronary syndrome

—» With initial invasive strategy

Dual antiplatelet therapy with aspirin plus clopidogrel, ticagrelor, or eptifibatide
Anticoagulation with unfractionated heparin, enoxaparin, bivalirudin, or fondaparinux
—»> Percutaneous coronary intervention planned

Dual antiplatelet therapy, including aspirin. If not given before intervention, start clopidogrel, ticagrelor, prasugrel,
eptifibatide, or tirofiban and continue oral dual antiplatelet therapy for 12 months, but consider stopping early if risks
outweigh benefits; hold these agents if angiography is to be done immediately; if angiography is planned within 24
hours, clopidogrel or ticagrelor is reasonable

Discontinue anticoagulation after percutaneous coronary intervention in uncomplicated cases

—>» Coronary artery bypass grafting planned
Discontinue clopidogrel 5 days before, prasugrel 7 days before, and ticagrelor 5 days before surgery

Continue unfractionated heparin; discontinue enoxaparin 12-24 hours before surgery and start unfractionated
heparin; discontinue fondaparinux 24 hours before and start unfractionated heparin; discontinue bivalirudin 3 hours
before and start unfractionated heparin

—» Medical therapy planned
If no significant coronary artery disease is present, give antiplatelet and anticoagulation at physician’s discretion

If coronary artery disease is present, discontinue glycoprotein Ilb/llla inhibitor if started previously; give clopidogrel or
ticagrelor for 1 year

Anticoagulation. If started before angiography, continue unfractionated heparin for 48 hours; enoxaparin or
fondaparinux for duration of hospitalization or up to 8 days

—>» With initial conservative strategy

Dual antiplatelet therapy with aspirin plus clopidogrel or ticagrelor for up to 12 months (reasonable to add eptifibatide or
tirofiban if high-risk features are present and patient is not at high bleeding risk, particularly if troponin-positive )

Anticoagulation with enoxaparin, fondaparinux, or (less preferred) unfractionated heparin

If the patient has high-risk features, clinical instability, or heart failure and angiography is planned, see options
under initial invasive strategy, above

If the patient has low-risk features or no angiography is planned
Dual antiplatelet therapy is recommended for 12 months with aspirin and either clopidogrel or ticagrelor

Unfractionated heparin for 48 hours; or enoxaparin or fondaparinux for duration of hospitalization or up to 8 days

Medication doses: aspirin 162-325 mg at initial contact, then 81 mg daily; bivalirudin 0.1 mg/kg intravenous (V) bolus, then 0.25 mg/kg/h infusion; clopido-
grel 600 mg, then 75 mg once daily; enoxaparin (with initial invasive strategy); if age < 75, 30 mg IV bolus, then 1 mg/kg twice a day subcutaneously 15 min-
utes after bolus; if age > 75, no bolus, 0.75 mg/kg twice a day subcutaneously (maximum 75 mg for first 2 doses), for creatinine clearance less than 30 mL/min, 1
mg/kg every 24 hours subcutaneously; enoxaparin (with initial conservative or medical therapy) 1 mg/kg subcutaneously twice a day; eptifibatide 180 pg/kg
IV bolus, then 2.0 pg/kg/min, reduce by 50% in patients with estimated creatinine clearance less than 50 mL/min; fondaparinux (with initial invasive strategy)
2.5 mg intravenous bolus, then 2.5 mg subcutaneously every 24 hours, contraindicated if creatinine clearance is less than 30mL/min; fondaparinux (with initial
conservative strategy) 2.5 mg subcutaneously every 24 hours, contraindicated if creatinine clearance is less than 30 mL/min; prasugrel 60 mg, then 10 mg once
daily; ticagrelor 180 mg, then 90 mg twice daily; unfractionated heparin 60 1U/kg IV bolus, then 12 IU/kg infusion to achieve 1.5-2 times control

FIGURE 1. Suggested algorithm for antiplatelet and anticoagulant therapy in the management of non-
ST-elevation acute coronary syndrome:-

BASED ON THE 2012 FOCUSED UPDATE OF THE 2007 AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION/AMERICAN HEART ASSOCIATION GUIDELINES FOR THE MANAGEMENT OF
PATIENTS WITH UNSTABLE ANGINA/NON-ST-ELEVATION MYOCARDIAL INFARCTION.'2
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ST-segment-elevation myocardial infarction

—>» With thrombolytic strategy
Antiplatelet therapy: aspirin and clopidogrel

Anticoagulation: unfractionated heparin, or enoxaparin for
index hospitalization up to 8 days or until revascularization,
or fondaparinux for index hospitalization up to 8 days or until
revascularization

—> With primary percutaneous coronary intervention

Antiplatelet therapy: aspirin and either clopidogrel, prasugrel,
or ticagrelor for at least 1 year

Anticoagulation: bivalirudin or unfractionated heparin

Medication doses: aspirin 162—325 mg at initial contact, then 81 mg or 162-325
mg daily; bivalirudin 0.75 mg/kg intravenous (IV) bolus, then 1.75 mg/kg/h
infusion (1 mg/kg/h if creatinine clearance < 30 mL/min), with or without prior
unfractionated heparin; bivalirudin is preferred over unfractionated heparin plus a
glycoprotein IIb/llla inhibitor in patients at high risk of bleeding; clopidogrel (with
primary percutaneous coronary intervention) 600 mg, then 75 mg once daily; clopi-
dogrel (with thrombolytic strategy) first dose 300 mg if age < 75, 75 mg or do not
give if age > 75; then 75 mg for at least 14 days and up to 1 year; enoxaparin If
age < 75, 30 mg intravenous bolus and 1 mg/kg twice a day subcutaneously 15
minutes after bolus; if age > 75: no bolus, 0.75 mg/kg twice a day subcutaneously
(maximum 75 mg for first 2 doses); for creatinine clearance less than 30 mL/min, 1
mg/kg every 24 hours subcutaneously; fondaparinux, for index hospitalization,
up to 8 days or until revascularization: 2.5 mg IV bolus, then 2.5 mg subcutaneously
every 24 hours; contraindicated if creatinine clearance is < 30 mL/min;

prasugrel 60 mg, then 10 mg once daily; ticagrelor 180 mg, then 90 mg twice
daily; unfractionated heparin (with primary percutaneous coronary intervention)
with glycoprotein lIb/llla inhibitor, 50-70 [U/kg IV bolus; target activated clotting
time 200-250 seconds; without GP lIb/llla inhibitor, 70100 1U/kg IV bolus; target
activated clotting time 250-300 seconds; unfractionated heparin (with throm-
bolysis) 60 IU/kg IV bolus and 12 1U/kg infusion to achieve 1.5-2 times control for
48 hours or until revascularization

FIGURE 2. Suggested algorithm for antiplatelet and
anticoagulant therapy in the management of ST-eleva-
tion myocardial infarction

BASED ON THE AMERICAN COLLEGE OF CARDIOLOGY/AMERICAN HEART ASSOCIATION 2013
GUIDELINES FOR MANAGEMENT OF ST-ELEVATION MYOCARDIAL INFARCTION”
AND 2011 GUIDELINES FOR PERCUTANEOUS CORONARY INTERVENTION.®

Clopidogrel, a prodrug

106

Clopidogrel has a half-life of 8 hours and a
time to peak concentration of 4 hours. Eighty-
five percent of a dose is inactivated by gut
esterases. The remainder is metabolized pri-
marily by the cytochrome P4502C19 enzyme
system into its active metabolite.

How to use. The recommended dosage is a
600-mg bolus early in the course of ACS. This
is associated with a lower rate of cardiovascu-
lar events than a 300-mg dose,>" although no
trial has rigorously compared 300-mg vs 600-mg
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doses using major clinical end points. In patients
presenting with ACS who cannot tolerate aspi-
rin because of hypersensitivity or major gastro-
intestinal contraindication, clopidogrel is an
alternative.!

The CURE trial'® randomized 12,526 pa-
tients with non-ST-elevation ACS to receive
clopidogrel or placebo in addition to standard
therapy. Clopidogrel was associated with a
20% lower rate of cardiovascular death, myo-
cardial infarction, or stroke in both low- and
high-risk patients regardless of whether an in-
vasive or conservative strategy was pursued.

However, patients who underwent coro-
nary artery bypass grafting (CABG) had a
53% higher risk of bleeding (an absolute risk
of 3.3%) if they received clopidogrel within 5
days of the surgery. This has led to the practice
in some centers of delaying giving clopidogrel
until after the coronary anatomy has been de-
fined. This deprives the patient of the anti-
ischemic benefits conferred by giving clopido-
grel early and remains a contentious issue, with
most suggesting that the risk-benefit ratio still
favors giving clopidogrel early, before angiog-
raphy, unless there is a high likelihood that
surgery will ultimately be required.!” Alterna-
tively, one could consider using a shorter-act-
ing intravenous glycoprotein IIb/Illa inhibitor
such as eptifibatide as a “bridge” until a defini-
tive reperfusion strategy is chosen.

Effect of CYP2C19 variants. The CLO-
VIS-2 study'® assessed the effects of genetic
variants on the clopidogrel concentration in
106 patients who had had a myocardial in-
farction. The study confirmed that patients
who carry certain variants of the CYP2CI19
gene attain lower plasma concentrations of
clopidogrel after receiving this drug.!” This ac-
counts for its delayed onset of action as well
as its variability in response in patients who
have reduced expression or inhibition of this
enzyme system. Doubling the standard dose in
patients who carry these variants does not ap-
pear to provide clinical benefit.?°

Thus, the thought is emerging that one
should consider using prasugrel or ticagrelor
instead of clopidogrel in patients who have
these polymorphisms, though this is yet to be
backed by robust clinical evidence.

Possible interaction with proton pump
inhibitors. Controversy exists about whether
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Platelet activation and site of action of various antiplatelet agents

Upon exposure of injured endothelium, platelets bind to von Willebrand factor (YWF) and exposed collagen via glycoprotein (GP) VI and
GP IB alpha, leading to platelet activation. This causes a conformational change in the platelet shape and degranulation of dense and
alpha granules, leading to release of adenosine disphosphate (ADP), thromboxane A2 (TxA2), and various proinflammatory mediators.

Disrupled plague

d collagen

/

(thrombin)

Thrombin also
mediates platelet
activation via the
PAR 1 receptor.

ADP and TxA2 further activate other
platelets via their respective receptors.
Platelet activation also leads to expres-

sion of GP llb/llla receptor on the platelet . _ _ ____

surface and its subsequent activation (GP
lIb/llla*), thus enhancing its affinity for
fibrinogen.
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CCF
Medical Illustrator: David Schumick ©2014

FIGURE 3

ADAPTED FROM STOREY RF. NEW DEVELOPMENTS IN ANTIPLATELET THERAPY. EUR HEART J SUPPL 2008; 10(SUPPL D):D30-D37.

proton pump inhibitors inhibit clopidogrel’s
action. Although the US Food and Drug Ad-
ministration continues to warn against the con-
current use of omeprazole and clopidogrel,?! an
analysis of the PLATO trial** concluded that
patients with ACS who were taking proton
pump inhibitors were at higher risk of ischemic
events regardless of whether they had been
randomized to clopidogrel or ticagrelor (a drug
that acts independently of the cytochrome
P450 system). This observation suggests that
patients on proton pump inhibitors are gener-
ally sicker and at higher risk of ischemic events
regardless of the choice of antiplatelet therapy.

CLEVELAND CLINIC JOURNAL OF MEDICINE

The use of other gastroprotective agents did
not appear to mitigate these risks.

Prasugrel: Faster metabolism to active drug
Prasugrel is an irreversible P2Y12 receptor an-
tagonist (FIGURe 3) that is metabolized into its
active metabolite faster and in a more predict-
able fashion than clopidogrel.”®

The TRITON-TIMI 38 study** includ-
ed 13,608 ACS patients in whom an early
invasive strategy was planned and who were
pretreated with prasugrel or clopidogrel in ad-
dition to standard treatment. The rate of the
primary efficacy end point of death, myocar-
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by as much

as 50%

in patients
with ACS
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dial infarction, or stroke was 19% lower in
the prasugrel group. In those who underwent
percutaneous coronary intervention, the inci-
dence of in-stent thrombosis was more than
50% lower in the prasugrel group regardless
of whether bare metal stents or drug-eluting
stents were used.

Greater platelet inhibition came at the
price of a higher incidence of serious bleeding,
particularly in the subgroups of patients who
were over age 75, had a history of stroke or
transient ischemic attack, or weighed less than
60 kg. Prasugrel is therefore contraindicated in
patients with a history of transient ischemic
attack or stroke. Some suggest that a 5-mg
dose can be used with caution (rather than the
usual 10-mg dose) in patients over age 75 years
or those who have low body weight.

The TRILOGY-ACS trial® compared
prasugrel and clopidogrel in medically man-
aged patients with high-risk non-ST-elevation
ACS. It found no difference in the rates of the
primary end points of cardiovascular death,
myocardial infarction, or stroke at 1 year. In
the prespecified subset of patients over age 75
years, the rate of bleeding end points was no
higher with prasugrel 5 mg once daily than
with clopidogrel.

Prasugrel’s half-life is 7 hours, and its peak
antiplatelet effect is within 30 minutes after
an oral dose, compared with 4 hours with
clopidogrel. Therefore, if a patient with non-
ST-elevation ACS is going to go to the cath-
eterization laboratory soon, he or she should
not receive prasugrel beforehand, and should
receive it later only if the results of angiogra-
phy indicate that CABG will not be needed
urgently. This is an important consideration
when using prasugrel, as the rate of surgery-
related bleeding was four times higher than
with clopidogrel. If possible, this drug should
be withheld for at least 7 days before CABG.

Ticagrelor, a direct P2Y12 receptor inhibitor
Ticagrelor, a reversible direct inhibitor of the
P2Y12 receptor, inhibits adenosine diphos-
phate-mediated activation and aggregation (FiG-
UREe 3). It has a median time to peak concentra-
tion of 1.3 to 2 hours and a half-life of 9 hours.
The PLATO trial® enrolled 18,624 patients
with ACS who were given either ticagrelor or
clopidogrel in addition to standard therapy. At

VOLUME 81 ¢ NUMBER 2

12 months, the composite primary end point of
myocardial infarction, death, or stroke had oc-
curred in 16% fewer patients receiving ticagre-
lor than in the clopidogrel group. Analyzed
separately, there were 16% fewer myocardial
infarctions, 21% fewer cardiovascular deaths,
and 22% fewer deaths from any cause, regardless
of whether an invasive or conservative strategy
was used, and with or without prior clopidogrel
use. Fewer cases of stent thrombosis occurred in
the ticagrelor group, and the rate of major bleed-
ing was the same.

In a prospectively defined subgroup analy-
sis,”? ticagrelor was beneficial only in patients
who received lower doses of aspirin (< 100
mg daily): the hazard ratio for the primary end
point was 0.79 (95% confidence interval [CI]
0.71-0.88) in ticagrelor recipients who received
low-dose aspirin and 1.45 (95% CI 1.01-2.09)
in those who received high-dose aspirin.

Although this analysis is underpowered
and controversial, the current evidence sug-
gests that when used in combination with ti-
cagrelor, the aspirin dose should be 81 mg.

Ticagrelor was also associated with a 19%
higher incidence of non-CABG- or proce-
dure-related major bleeding, more nonfatal
and fatal intracranial bleeding, a higher inci-
dence of dyspnea, and significantly more ven-
tricular pauses.

Although ticagrelor carries no black-box
warning about its use in patients with prior
stroke or transient ischemic attack, the num-
ber of such patients in PLATO was small. Thus,
caution should still be used in these patients.?®

Ticagrelor should preferably be discontin-
ued 5 days before CABG.

Glycoprotein llb/llla inhibitors:

Eptifibatide, tirofiban, abciximab
Glycoprotein IIb/Illa inhibitors are intrave-
nous agents that act by inhibiting fibrinogen-
and von Willebrand factor-mediated platelet-
to-platelet cross-linkage, the final pathway of
platelet aggregation (FIGURE 3).

Use of these agents in ACS has been de-
creasing, as evidence supporting their use was
largely established before the era of dual anti-
platelet therapy.

A meta-analysis® of 46,374 patients with
non-ST-elevation ACS found that routinely
adding a glycoprotein IIb/Illa inhibitor “up-

FEBRUARY 2014

Downloaded from www.ccjm.org on August 6, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

SINGH AND COLLEAGUES

Coagulation cascade and site of action of various anticoagulants

Exposed tissue factor from vascular injury binds to circulating activated factor VII to form the extrinsic tenase complex.

Heparin (Xa and lla)
Enoxaparin (Xa > lla, 3:1)
Fondaparinux (Xa only)

Xa inhibitors:
Rivaroxaban
Apixaban

Direct
thrombin
inhibitors:
Bivalirudin
Dabigatran

Intrinsic
tenase

| IXa |+| Villa |=»

{pmth:llambif#

Factor Xa binds with factor
Va (released from a granules
of platelets) to form the
prothrombinase complex.
This complex converts
prothrombin to thrombin.

Activated factor IX serves
as coenzyme of factor Vllla to
form the intrinsic tenase com-
plex, which further activates
factor X.

Thrombin is a powerful stimulant of platelet activator (via PAR 1; see FIGURE 3),
further propagating the platelet plug. It also converts soluble fibrinogen to insoluble
fibrin, leading to clot formation, and it activates factor XIlI, leading to cross-linking
of fibrin and further stabilization of the clot. CCF

Medical Illustrator: David Schumick ©2014

FIGURE 4

stream” as a third agent in patients receiving
dual antiplatelet therapy bought only a mod-
est (11%) reduction in death or myocardial
infarction at 30 days, at the price of a 23%
increase in major bleeding and no decrease
in the overall rate of death. Roughly 70% of
the patients were receiving dual antiplatelet
therapy before cardiac catheterization.

These agents can be considered in high-risk
ACS patients, such as those with ST-segment
changes or elevated troponin concentrations,

CLEVELAND CLINIC JOURNAL OF MEDICINE

and in diabetic patients, on the assumption
that these patients likely have a high intra-
coronary thrombus burden and are at higher
risk of microvascular embolization.®*® They
can also be considered at the time of primary
percutaneous coronary intervention in select-
ed patients receiving heparin.”

Eptifibatide
Eptifibatide is a small-molecule, short-acting
glycoprotein IIb/Illa inhibitor with a half-life
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of 2.5 hours. Its inhibition of platelet aggrega-
tion is reversible by stopping the drug infusion
and is thought to be a result of dissociation of
the drug from platelets.

The PURSUIT trial>' studied 10,948
patients presenting with non-ST-elevation
ACS randomized to placebo, eptifibatide in a
180-pg/kg bolus followed by a 2.0-pg/kg/min
infusion, or eptifibatide in a 180-pg/kg bolus
followed by a 1.3-pg/kg/min infusion. Both
eptifibatide groups had a 1.5% absolute reduc-
tion in the incidence of the primary end point
of death or myocardial infarction, a benefit
that was apparent at 96 hours and that persist-
ed through 30 days. Bleeding was more com-
mon in the eptifibatide groups, but there was
no increase in the rate of hemorrhagic stroke.

The ACUITY trial*’ found that early use
of eptifibatide or tirofiban had no effect on the
primary outcome. (See the section below on
bivalirudin for more information about the

ACUITY trial.)
[ PARENTERAL ANTICOAGULANTS

Unfractionated heparin: A declining role

Heparin binds to antithrombin and induces a
conformational change, causing rapid inhibi-
tion of factor Ila (thrombin), factor IXa, and
factor Xa, thus preventing further thrombus
propagation (FGURE 4). An intravenous bolus
of 60 units/kg produces a time to peak of 5 to
10 minutes and a half-life of 30 to 60 minutes.

Heparin can be reversed by giving prot-
amine sulfate (1 mg per 100 units of heparin).
For ACS, it is given in a bolus of 60 units/
kg not exceeding 4,000 units, followed by an
infusion of 12 units/kg/hour, with monitoring
of the activated partial thromboplastin time
every 6 hours with a goal value of 50 to 70
seconds or 1.5 to 2.5 times control.

Side effects include thrombocytopenia,
heparin-induced thrombocytopenia (a dis-
tinct condition), and bleeding.

The use of unfractionated heparin was
tested in ACS in the early 1990s. Oler et al”?
performed a meta-analysis of six randomized
trials and found a 33% lower rate of death in
patients treated with heparin in addition to
aspirin in ACS, as well less reported ischemic
pain.

Advantages of unfractionated heparin are
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that it has stood the test of time, is inexpen-
sive, and can be rapidly reversed. The dis-
advantages are that it can have serious side
effects, including heparin-induced thrombo-
cytopenia, and is more likely to cause bleeding
than the newer intravenous anticoagulants
discussed below. Thus, its position as the main
anticoagulant in ACS is being challenged.

Bivalirudin, a direct thrombin inhibitor
Bivalirudin is a synthetic direct thrombin in-
hibitor of fluid-phase and clot-bound throm-
bin (rGure 4). It also inhibits platelets directly.

The ACUITY trial®”* randomized 13,819
patients with moderate to high-risk ACS
scheduled for invasive treatment into three
treatment groups:
® Heparin (either unfractionated heparin or

enoxaparin) plus a glycoprotein IIb/Illa

inhibitor (either eptifibatide, tirofiban, or
abciximab)

e Bivalirudin plus a glycoprotein IIb/Illa in-
hibitor

¢ Bivalirudin alone.

The bivalirudin-alone treatment was as-
sociated with noninferior rates of composite
ischemia end points and significantly lower
rates of major bleeding, adding up to a sig-
nificant reduction in the net clinical outcome
end point. An important caveat is that bi-
valirudin’s noninferiority was mostly in the
group of patients already receiving a thieno-
pyridine before angiography and percutaneous
coronary intervention (RR 0.97 vs 1.27, P =
.054). There was less major, nonmajor, mi-
nor, CABG-related, and non-CABG-related
bleeding as well as need for transfusion in the
bivalirudin-alone group, making bivalirudin
monotherapy an attractive option in ACS pa-
tients with or without ST-segment elevation
undergoing a percutaneous coronary interven-
tion."!

The ISAR-REACT trial** later compared
bivalirudin alone vs unfractionated heparin
and abciximab in patients with non-ST-ele-
vation myocardial infarction undergoing per-
cutaneous coronary intervention pretreated
with aspirin and clopidogrel. The composite
rate of ischemia was similar in the two treat-
ment groups, with significantly lower rates of
bleeding in the bivalirudin group.

HORIZONS-AMI* randomized 3,602 pa-
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tients with ST-elevation myocardial infarction
receiving aspirin and clopidogrel either to un-
fractionated heparin and a glycoprotein IIb/II1a
inhibitor or to bivalirudin. As in the ACUITY
trial, there was no difference in ischemic end
points and a 40% to 45% lower rate of major
bleeding end points in the bivalirudin group,
translating into an overall lower rate of death.

Enoxaparin, a low-molecular weight heparin
Enoxaparin is a low-molecular-weight hepa-
rin that inhibits factor Ila and factor Xa via
antithrombin, roughly in a ratio of 1:3 (FGURE
4). It has a time to peak effect of 10 minutes
when given intravenously®® and 3 to 5 hours
when given subcutaneously.’” Its half-life is
4.5 hours, but it is longer in patients with re-
nal dysfunction, requiring dose adjustments in
this population.

[ts anticoagulant effect is partially revers-
ible. If it is to be reversed between O and 8
hours after dosing, the recommended reversal
regimen is 1 mg of protamine sulfate for every
1 mg of enoxaparin used. At 8 to 12 hours, it is
0.5 mg of protamine for every 1 mg of enoxapa-
rin. After 12 hours, no protamine is required.

Compared with unfractionated heparin,
enoxaparin has less plasma protein binding
and a more consistent anticoagulant effect. Its
high bioavailability also allows for subcutane-
ous dosing. [ts greater anti-Xa activity inhibits
thrombin generation more effectively, and it
causes lower rates of thrombocytopenia and
heparin-induced thrombocytopenia.

de Lemos et al’® found that, in ACS pa-
tients in whom an early conservative ap-
proach of medical management was planned,
enoxaparin was more efficacious than unfrac-
tionated heparin and caused a similar rate of
bleeding.

Murphy et al,” in a meta-analysis of 12
trials in 49,088 ACS patients, also found that
enoxaparin had a net clinical benefit com-
pared with unfractionated heparin in reduc-
ing rates of myocardial infarction and death
despite more bleeding.

The ESSENCE trial®® compared enoxa-
parin vs unfractionated heparin in 3,171 pa-
tients with ACS. It found fewer ischemic
events with enoxaparin in the early phase,
more minor bleeding, but no increase in major
bleeding.
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The SYNERGY trial,* in 10,027 patients
with high-risk non-ST-elevation ACS under-
going percutaneous coronary intervention,
compared subcutaneous enoxaparin with in-
travenous heparin. Enoxaparin was found to be
noninferior to heparin but caused more bleed-
ing, including major bleeding, drops in hemo-
globin, and intracranial hemorrhage.

The EXTRACT-TIMI 25 trial.¥? In
patients with ST-elevation myocardial in-
farction, enoxaparin has been shown to be
beneficial both in patients treated with fibri-
nolysis and in those who underwent primary
percutaneous coronary intervention. The
EXTRACT-TIMI 25 trial randomized 20,749
patients to receive either enoxaparin (an in-
travenous bolus and maintenance subcutane-
ous dosing based on renal function) or intra-
venous heparin in addition to thrombolysis
within 6 hours of the diagnosis of ST-elevation
myocardial infarction. Although the enoxapa-
rin group had more bleeding end points, they
had fewer primary and secondary efficacy end
points, translating into an overall net clinical
benefit in favor of enoxaparin.

The ATOLL trial?® examined the use of
enoxaparin (0.5 mg/kg intravenously) or un-
fractionated heparin in 910 patients with ST-
elevation myocardial infarction undergoing
primary percutaneous coronary intervention
(via the radial artery in 66% to 69%). Al-
though there was a trend towards benefit in
terms of the primary end point of death, myo-
cardial infarction complications, procedure
failure, and major bleeding favoring enoxapa-
rin, it was not statistically significant (95% CI
0.68-1.01, P = .06).

However, there was a 37% to 42% lower
rate of the secondary end point of death, re-
current myocardial infarction or ACS, or
urgent target-vessel revascularization in the
enoxaparin group, with a 40% reduction in
death from any cause, death from a cardiac
cause, or shock. The safety profiles of the two
drugs were similar, and the net clinical benefit
significantly favored enoxaparin.

Fondaparinux, a factor Xa inhibitor

Fondaparinux is a synthetic pentasaccharide
that indirectly inhibits factor Xa through the
action of antithrombin (FGure 4). After a 2.5-
mg subcutaneous dose, it has a time to peak
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concentration of 2 hours and a half-life of 17
to 21 hours.

The OASIS-5 trial* compared fonda-
parinux and enoxaparin in 20,078 patients
treated for non-ST-elevation ACS. Although
the rates of death, myocardial infarction, and
refractory ischemia at 9 days were similar for
both drugs, the fondaparinux group had a sig-
nificantly (almost 50%) lower rate of bleeding
at 30 days, translating into significantly fewer
deaths at 30 days. However, patients receiving
fondaparinux who underwent percutaneous
coronary intervention had a threefold higher
rate of catheter-related thrombosis.

The OASIS-6 trial® compared fonda-
parinux vs usual care (placebo in those in
whom unfractionated heparin was not indi-
cated or unfractionated heparin for up to 48
hours followed by placebo for up to 8 days) in
12,092 patients with ST-elevation myocardi-
al infarction. There was a 1.5% absolute risk
reduction in death and reinfarction without
an increase in bleeding at 30 days, with trends
persisting 6 months into the study. However,
fondaparinux was not superior to heparin in
the 3% of patients who underwent primary
percutaneous coronary intervention. As in
OASIS-5, there was more catheter-related
thrombosis in the fondaparinux group.

Although the use of supplemental unfrac-
tionated heparin appears to have mitigated
this risk, fondaparinux remains a less-than-
ideal option in the era of primary percutane-
ous coronary intervention for ST-elevation
myocardial infarction and has therefore found
limited use in this group of patients. It should,
however, be considered in patients for whom
a conservative strategy is planned, especially if
bleeding risk is deemed to be high.

I ORAL ANTICOAGULANTS

Oral anticoagulants provide ischemic benefit
in selected patients with ACS—at the price of
a higher risk of significant bleeding.

Warfarin
Warfarin was investigated after myocardial
infarction in the WARIS II,* CARS,* and
CHAMP® trials.

WARIS II* looked at the use of aspirin

alone, warfarin alone, and aspirin and warfa-
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rin in combination. The rates of the primary
end points of stroke, nonfatal infarction, and
death were lower in the warfarin group.

CARS* found no difference in the rate of
the primary end point of fatal infarction, non-
fatal ischemic stroke, or cardiovascular death
with aspirin vs warfarin plus aspirin.

CHAMP® saw similar trends, ie, no differ-
ence in the rate of death, recurrent myocardial
infarction, or stroke with warfarin plus aspirin
vs aspirin alone.

All three studies showed increases in ma-
jor bleeding with warfarin use.

Putting these trials into context, the sig-
nificant net clinical benefit of dual antiplate-
let therapy in the current era compared with
the significant bleeding and questionable con-
flicting evidence supporting benefit with war-
farin has limited its use in ACS patients.

Rivaroxaban, an oral factor Xa inhibitor
Rivaroxaban is a novel oral direct reversible
factor Xa inhibitor.

The ATLAS ACS 2-TIMI 51 trial® found
rivaroxaban 2.5 mg or 5 mg to yield a signifi-
cantly lower rate of the primary outcome of
cardiovascular death, myocardial infarction,
ischemic stroke, and in-stent thrombosis com-
pared with placebo, but significantly more
major non-CABG bleeding and intracranial
hemorrhage.

The dose used in this trial was much lower
than the dose used in trials investigating the
role of this drug in stroke prophylaxis in atrial
fibrillation.

Apixaban, an oral factor Xa inhibitor
Apixaban is another direct factor Xa inhibitor.

The APPRAISE-2 trial®® compared apix-
aban 5 mg twice daily vs placebo in ACS.
There was no difference in the rate of car-
diovascular death, myocardial infarction, or
stroke, but there was significantly more bleed-
ing in the apixaban group, prompting early
termination of this study.

Dabigatran, an oral thrombin inhibitor
Dabigatran is an oral direct thrombin inhibitor.
The RE-DEEM trial’! compared four
doses of dabigatran (50, 75, 110, and 150 mg
twice daily) and placebo in ACS patients.
The dabigatran groups had more major and
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minor bleeding, and the higher the dose, the
higher the incidence of bleeding. In addition,
the rates of ischemic end points were no lower
with dabigatran, although this trial was not
powered to show differences in clinical events.

I REDUCING THE RISK OF BLEEDING

In the treatment of ACS, the benefits of re-
storing perfusion by preventing further propa-
gation of thrombus and platelet aggregation
come at a significant price of higher bleed-
ing risk. This in turn increases the risk of
death through various mechanisms, including
shock, worsening ischemia, discontinuation of
antiplatelet and anticoagulation therapy caus-
ing stent thrombosis, and anemia leading to
transfusion, which propagates the underlying
inflammatory milieu.*

Giugliano and Braunwald® provide prac-
tical suggestions to reduce this risk, advising

® Avoid inappropriately high dosing, partic-
ularly in patients with renal insufficiency

® Preferentially use agents that cause less
bleeding (eg, bivalirudin, fondaparinux)
without compromising anti-ischemic effi-
cacy

® Minimize the concomitant use of other
drugs that cause bleeding (eg, NSAIDs)

e Use drugs that protect against bleeding
(eg, proton pump inhibitors) in patients at
high risk

e Prevent access-site bleeding by using the
radial artery, smaller sheaths, and appro-
priate sheath and closure device manage-
ment. Indeed, the use of radial interven-
tions in ACS has been shown to reduce
access-site-related bleeding, even in pa-
tients at high risk.>*

The reduction in bleeding risk may provide
future trials the opportunity to increase anti-
thrombotic efficacy of different agents with

physicians to:
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