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Series Preface

Cardiovascular pharmacotherapy is of fundamental impor-
tance for the successful management of patients with cardio-
vascular diseases. Appropriate therapeutic decisions require
a proper understanding of the disease and a thorough knowl-
edge of the pharmacological agents available for clinical use.
The issue is complicated by the existence of large numbers of
agents with subtle differences in their mode of action and
efficacy and the existence of national and international
guidelines, which sometimes fail to deliver a clear-cut mes-
sage. Aggressive marketing techniques from pharma indus-
try; financial issues at local, regional, or national levels; and
time constraints make it difficult for the practitioner to — at
times — be absolutely certain as to whether drug selection is
absolutely appropriate. The International Society of
Cardiovascular Pharmacotherapy (ISCP) aims at supporting
evidence-based, rational pharmacotherapy worldwide. This
book series represents one of its vital educational tools. The
books in this series aim at contributing independent, bal-
anced, and sound information to help the busy practitioner to
identify the appropriate pharmacological tools and to deliver
rational therapies. Topics in the series include all major car-
diovascular scenarios, and the books are edited and authored
by experts in their fields. The books are intended for a wide
range of healthcare professionals and particularly for younger
consultants and physicians in training. All aspects of pharma-
cotherapy are tackled in the series in a concise and practical
fashion. The books in this series provide a unique set of
guidelines and examples that will prove valuable for patient
management. They clearly articulate many of the dilemmas
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clinicians face when working to deliver sound therapies to
their patients. The series will most certainly be a useful refer-
ence for those seeking to deliver evidence-based, practical,
and successful cardiovascular pharmacotherapy.

Juan Carlos Kaski, DSc, DM (Hons),
MD, FRCP, FESC, FACC, FAHA
ISCP Current Cardiovascular Therapy Series



Preface

Acute coronary syndromes (ACS) require rapid intervention
with pharmacologic therapies to treat and prevent coronary
thromboembolism, and is essential to prepare the patient for
revascularization procedures, especially percutaneous coro-
nary intervention. The aims of treatment are to preserve
patency of the coronary artery, augment blood flow through
stenotic lesions, and reduce myocardial oxygen demand.
Conventional treatment includes anti-ischemic, antiplatelet
and anticoagulant therapy. All patients should receive anti-
platelet agents, and patients with evidence of ongoing isch-
emia should receive aggressive medical intervention until
signs of ischemia, as determined by symptoms and ECG,
resolve. After a decade of relatively few advances in anti-
thrombotic treatment, the clinical availability of potent new
inhibitors of P2Y , platelet receptors has changed the ACS
treatment paradigm. The most recent AMI — STEMI and
NSTE-ACS guidelines of the European Society of Cardiology
(ESC) have recommended ticagrelor and prasugrel in prefer-
ence to clopidogrel for ACS patients, but globally clopidogrel
is expected to remain a dominant therapy for the years to
come. Furthermore, a group of novel oral anticoagulant and
antiplatelet agents are promising for the acute management
and secondary prevention in ACS. Triple therapy, while not
initiated in the acute setting, may impact on future surgical
and medical emergencies, and their management including
bleeding complication should be known to health profession-
als across a wide spectrum of specialties. The ESC guidelines
recommendations also differ for each of the antiplatelet and
anticoagulant agent in terms of patient selection, pretreatment
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and timing of therapy; reflecting differences in the patient
populations that were studied and the dissimilar safety pro-
files that emerged from trials. An unavoidable untoward
consequence of increased antithrombotic effectiveness has
been an increased risk, mostly in terms of bleeding.

The goal of this book is to update clinicians on the most
recent data regarding the medical management of ACS
patients. The authors have provided useful information and
expert opinion that take into account results of large trials,
European and American Guidelines, and real-life, day-to-day
clinical practice.

Oviedo, Spain Pablo Avanzas, MD, PhD, FESC
Copenhagen Peter Clemmensen, MD, PhD, FESC
Denmark
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Chapter 1
Anti-ischemic Therapy

Jose Lopez-Sendén and Esteban Lopez de Sa

Introduction. Definition of Antiischemic
Therapy

In a simple way, myocardial ischemia is secondary to a disbal-
ance between oxygen supply in relation to the metabolic
demands of the myocardium. Figure 1.1 depicts the principal
components of this equation. In acute coronary syndromes
plaque rupture and thrombosis play a major role, but other
factors that decrease oxygen supply or increase myocardial
metabolic demands contribute to ischemia and may be the
principal cause of acute ischemia in absence of plaque
rupture or coronary artery stenosis.

Reperfusion therapy constitutes the cornerstone for
the modern treatment of patients with acute coronary
syndromes. Before thrombolysis and percutaneous coronary
revascularization, anti-ischemic therapy was the only effective
treatment available and beta-blockers, nitrates and calcium
channel blockers were routinely used in this clinical setting.

J. Lopez-Sendén, MD, PhD (D<) e E.L. de S4, MD, FESC
Cardiology Department, Hospital Universitario La Paz,
Instituto de Investigacién La Paz IdiPaz,

Paseo de la Castellana 261. Planta 1, Madrid 28046, Spain
e-mail: jlopezsendon@gmail.com
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FIGURE 1.1 Myocardial ischemia is the result of multiple possible
etiologies that may contribute to an imbalance in myocardial
oxygen supply and demand

Today its role is less important; some of the classic drugs
provide only a marginal benefit and new drugs with well
demonstrated anti-ischemic efficacy in chronic treatments
have been tested without much success during the first days
of hours of acute coronary syndromes. Nevertheless, ischemia
is frequent even after successful modern treatments [1] and
anti-ischemic drugs are still needed, in particular for longer
treatment strategies after the acute phase.

A significant number of compounds exert an anti-ischemic
effect through various mechanism of action, including statins
and antithrombotic drugs, but the term of anti-ischemic drugs
is reserve for those with a direct anti-ischemic mechanism of
action. Table 1.1 summarizes the different categories.

The content of this chapter is intended to provide the
available information related to the clinical efficacy of anti-
ischemic drugs early after acute coronary syndromes and its
practical role in modern treatment strategies (Table 1.2).

Beta-Blockers

B-adrenergic antagonists (beta-blockers) bind selectively to
the p-adrenoceptors producing a competitive and revers-
ible antagonism of the effects of p-adrenergic stimuli on
various organs. They play a crucial role in a broad spectrum
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Anti-ischemic Therapy
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TaBLE 1.1 Antiischemic drugs and principal mechanisms of action

Drug family Mechanism of action Anti-ischemic mechanism
Betablockers ~ Blockade of B Heart rate decrease
receptors (competitive .
with chatecolamines) Decrease contractility
Afterload reduction
Nitrates Nitric Oxide donor Coronary artery
vasodilation
Preload reduction
Molsidomine  Nitric Oxide donor Coronary artery
vasodilation
Preload reduction
Nicorandil Potassium channel Free radical protection
(KATP) opener after reperfusion
Nitrate-like effect Nitrate-like effects
Calcium Blockade of voltage- Coronary and peripheral
channel gated calcium channels  arterial vasodilation
blockers ..
Decrease cellular Ca+ Decrease contractility
load
Dihidropiridines nitric
oxide donors
Ranolazine Late Na current Decreased ischemia
blockade induce by Ca+ overload
secondary to ischemia
Decrease cellular Ca+ y
load
Ivabradine If current blockade in Pure reduction of heart
sinus node rate
Trimetazidine =~ Metabolic Reduction of free radicals
Other, Statins Endothelia function.
no direct Other pleiotropic effects
antiischemic Antithrombotics Improve coronary flow

effect
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TaBLE 1.2 Principal indications of anti-ischemic drugs in the early
phase (first hours/days) of acute coronary syndromes

Precautions,
Drug family Clinical settings contraindications
Betablockers All cases w/o Hypotension, heart
oral contraindications failure, hemodynamic
unstability, AV block,
Asthma
Nitrates Hypertension, ongoing Patients with

non controlled ischemia, hypotension
heart failure

Molsidomine Acute setting: None

Calcium Acute setting: None Hypotension, heart

channel Can b a1 it failure, hemodynamic

blockers an be used ater 4 unstability, AV block,
myocardial ischemia, heart failure
hypertension

Ranolazine Acute setting: None

Can be used later if
myocardial ischemia

Ivabradine Acute setting: None

Can be used later if
heart rate >60 beats/
minute

Trimetazidine Acute setting: None

of cardiovascular diseases and have demonstrated clinical
benefit in patients with unstable angina and acute myocardial
infarction [2].

Mechanism of Action

The mechanisms of action of beta-blockers are diverse, not
yet completely understood and probably with important dif-
ferences between agents. The prevention of the cardiotoxic
effects of catecholamines plays a central role [3]. Beta-
blockers decrease myocardial oxygen demand by reducing
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heart rate, cardiac contractility, and systolic blood pressure
[4]. These are the main anti-ischemic effects. In addition,
prolongation of diastole caused by a reduction in heart
rate may increase myocardial perfusion. Other beneficial
actions include an antihypertensive effect associated with a
decrease in cardiac output, inhibition of the release of renin
and production of angiotensin II, blockade of presynaptic
2-adrenoceptors that increase the release of norepineph-
rine from sympathetic nerve terminals. Important in acute
ischemia, beta-blockers exert a very effective antiarrhyth-
mic action that may explain the reduction in cardiac death
observed in patients of acute coronary syndromes and heart
failure. Other more complex mechanisms probably are not
relevant in the clinical setting of acute coronary syndromes.

Clinical Settings. Acute Myocardial Infarction

Beta-blockers limit infarct size, reduce life-threatening
arrhythmias, relieve pain and reduce mortality including sud-
den death [2,5-11]. Two large trials were particularly relevant
to guide the use of beta-blockers during the first hours of
AMI. In the First International Study of Infarct Survival
(ISIS-1) trial [8] patients within 12 h of evolution were ran-
domised to receive iv atenolol followed by oral administra-
tion for 7 days, or conventional treatment, revealing a
significant reduction in mortality at 7 days (3.7 % vs 4.6 %;
equivalent to 6 lives saved per 1,000 treated) (Fig. 1.2). The
benefit was mainly due to a reduction in heart rupture and
was evident by the end of day 1 and sustained at 1 month and
1 year. In the other large study, the Metoprolol in Myocardial
Infarction (MIAMI) [9], iv metoprolol followed by oral
administration did not significantly reduce 15-day mortality
as compared to placebo (4.3-4.9 % (ns)). A metaanalysis of
28 early trials of iv beta-blockers [11] revealed an absolute
reduction of short-term mortality from 4.3 to 3.7 % (7 lives
saved/1,000 patients treated). This significant albeit small
benefit was demonstrated before the reperfusion era. Similar
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500 ] = Control (n=7,990)
] Atenolol (n=8,037)
400
c 1
c |
‘® 300
q) 4
e
5 |
S |
2 200
8 |
i P<0.05
100 4 ATENOLOL
1 eDay0:5+5mgi.v.
49 P<0.003 * Oral 100 mg/day x 7 days

I I I O B I
012345678 10 12 14 Days after AMI

ISIS -1

FIGURE 1.2 Cumulative vascular mortality in the groups of patients
allocated to atenolol and placebo in the ISIS-1 trial (Reprinted with

permission from ISIS-1 (First International Study of Infarct Survival)
Collaborative Group [8])

findings were reported in a more recent metaanalysis of 52
trials, most of them including a small number of patients [12].

Three trials of randomised iv beta-blockade were con-
ducted after the widespread use of reperfusion therapy in
AMI [13-15], but the number of events was too small to
establish clear conclusions. In the second Thrombolysis in
Myocardial Infarction (TIMI-II) trial [13], thrombolysed
patients were randomly assigned to early iv and oral meto-
prolol versus oral administration after day 6. Reinfarction
and recurrent ischaemia were less frequent in the early beta-
blocker group and when treatment was administered within
2 h of symptom onset, there was a reduction of the composite
endpoint of death or reinfarction.

The COMMIT trial [15] Metoprolol (15 mg iv, then 200 mg
oral daily) 45,000 Chinese patients with suspected acute
STEMI within 24 h of evolution were randomly assigned to
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metoprolol (15 mg iv, then 200 mg oral daily) or placebo.
About half received thrombolytic therapy. Exclusion criteria
were shock at admission, systolic blood pressure <100 mmHg,
heart rate <50 bpm and AV block. Mean treatment and fol-
low up was 16 days. The study failed to demonstrate a reduc-
tion of total mortality in patients receiving metoprolol
(Fig. 1.3), the benefit of metoprolol was limited to a reduction
in arrhythmic dead (1.7 % vs 2.2 %;p <0.01) and re-infarction
(2 % vs 2.5 %; p<0.002), somehow counterbalanced by an
increase in mortality secondary to cardiogenic shock. The
overall effect on death, reinfarction, cardiac arrest, or shock
was significantly adverse during days 0-1 and significantly
beneficial thereafter. There was substantial net hazard in hae-
modynamically unstable patients, and moderate net benefit
in those who were relatively stable. The results of this some-
how polemic trial, strongly suggest that intravenous beta-
blockers should not be routinely used in patients with acute
myocardial infarction in particular if the present heart failure
or hemodynamic instability.

A global metaanalysis including these modern trials still
provide evidence for benefit (Fig. 1.4), although some restric-
tions have to be considered and the metaanalysis includes
completely different trials belonging to different times [15].

Registries offer a practical insight for the use of beta-
blockers in the reperfusion era. Data from the US National
Registry of Myocardial Infarction 2 [16] showed that imme-
diate beta-blocker administration in patients with AMI
treated with t-PA reduces the occurrence of intracranial
haemorrhage, although this benefit is small (0.7 % and
1.0 %; 3 patients/1,000 treated). However, a post-hoc analy-
sis of the first Global utilization of streptokinase and t-PA
for occluded coronary arteries (GUSTO-I) trial and a sys-
tematic review of the available experience do not support
the routine, early, intravenous use of beta-blockers [17, 18],
at least when thrombolytic treatment or primary percu-
taneous intervention is performed. New data from the
PAMI (Primary Angioplasty in AMI) Stent-PAMI, Air-
PAMI and CADILLAC (Controlled Abciximab and Device
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11 1

Placebo:
2,261 with event (9.9 %)

Metoprolol
2,166 with event (9.4 %)

4 % (SE 3) proportional risk
reduction (p=0.1)

Proportion with death, reinfarction, or cardiac arrest before first discharge (%)

Days

Number of events
Metoprolol
Placebo

7 14 21 28

Time since randomisation (days)
0-6 7-13 14-20 21-28
1,796 244 93 33
1,862 291 83 25

FiGure 1.3 Death, myocardial infarction or cardiac arrest before
hospital discharge in the COMMIT trial. No statistical differences
were observed between metoprolol and placebo (Reprinted with
permission from COMMIT (ClOpidogrel and Metoprolol in
Myocardial Infarction Trial) Collaborative Group [15])

Investigation to Lower Late Angioplasty Complications)
trials seem to demonstrate a reduction in mortality when
beta-blockers are used before primary percutaneous inter-

ventions [19-21].
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Category and trial Events/patients (%) "
Proportional
B blocker Control 0Odds ratio (CI) reduction
Death (any cause)
26 small trials™ 117/2,901 (4.0%)  126/2,830 (4.5 %) ——
MIAMI? 123/2,877 (4.3%)  142/2,901 (4.9 %) -
1SIS-11% 317/8,037 (3.9 %)  367/7,990 (4.6 %) —a—
COMMIT (low-risk only) ~ 708/12,374 (5.7 %)  801/12,555 (6.4 %) --
18 % (SE 4)
Total 1,265/26,189 (4.8 %) 1,436/26,276 (5.5 %) <> (p=0.0006)
Reinfarction
21 small trials™ 75/2,341 (3.2 %) 99/2,331 (4.2 %) —
MIAMI” 85/2,877 (3.0 %) 111/2,901 (3.8 %) — T
118118 148/5,807 (2.5 %) 161/5,834 (2.8 %) +-'—
COMMIT (low-risk only) ~ 236/12,374 (1.9 %)  295/12,555 (2.3 %) ——
! 22 % (SE 6)
Total 544/23,399 (2.3 %)  666/23,621 (2.8 %) <> (p=0.0002)
Ventricular fibrillation
or other cardiac arrest N
—_——
25 small trials'® 69/2,862 (2.4 %) 105/2,815 (3.7 %) : -
MIAMI” 48/2,877 (1.7 9 89
X (1.7 %) 52/2,901 (1.8 %) _.,:
1S1S-1'% 189/8,037 (2.4%)  198/7,990 (2.5 %) ml
COMMIT (low-risk only) ~ 513/12,374 (4.1 %)  586/12,555 (4.7 %) ! 15 % (SE 5)
<> (p=0.002)
Total 819/26,150 (3.1 %)  941/26,261 (3.6 %)
I T T T T T T 1
0 0.5 1.0 15 2.0
B blocker Control
better better

FIGURE 1.4 Metaanalysis of betablockers in patients with acute myo-
cardial infarction, demonstrating a benefit in outcomes: mortality,
myocardial infarction and ventricular fibrillation or other cardiac
arrest (Reprinted with permission from COMMIT (ClOpidogrel and
Metoprolol in Myocardial Infarction Trial) Collaborative Group [15])

In 13,110 patients with STEMI who received beta-blockers
during the index hospitalization in the GRACE registry (emery)
intravenous beta-blocker use (adjusted odds ratio 1.46,95 % CI
1.31-1.64, P<0.0001) and delayed beta-blocker use (after 1st
24 h) (adjusted odds ratio 1.35, 95 % CI 1.19-1.54, P<0.0001)
were associated with a higher composite outcome of death,
cardiogenic shock, sustained ventricular fibrillation/ventricular
tachycardia, and new heart failure when compared to early
(1st 24 h) oral beta-blocker use. There was a reduction in mor-
tality in patients who had delayed beta-blocker administration
(adjusted odds ratio 0.56, 95 % CI 0.41-0.78, P < 0.001) [22].

This data suggests that in acute STEMI early intravenous
beta-blockers and delayed beta-blockers were associated
with worse short-term outcomes compared with early oral
administration.
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Non ST Segment Elevation Acute Coronary
Syndromes

There are few randomised studies with beta-blockers in
patients with unstable angina and non Q wave myocardial
infarction [23-25], and the new non-ST elevation ACS termi-
nology makes the analysis of possible effect even more dif-
ficult. Henceforth, the recommendations are based on small
studies in unstable angina as well as in the evidence in acute
ST elevation myocardial infarction and stable patients with
ischaemia and previous myocardial infarction. In fact, there
are few studies in patients with unstable angina comparing
beta-blockers with placebo A meta-analysis suggested that
beta-blocker treatment was associated with a 13 % relative
reduction in risk of progression to AMI [26]. A retrospective
analysis from the Cooperative Cardiovascular Project [27]
indicates that the relative risk of death was lower in patients
with non Q wave myocardial infarction receiving beta-
blockers. Pooled data from 2,894 patients with acute coronary
syndromes included in five randomized, controlled trials of
abciximab during coronary intervention showed a reduc-
tion of 30 day and 60 day mortality associated with the use
of beta-blockers [28]. There is no evidence that any specific
beta-blocking agent is more effective in producing beneficial
effects in unstable angina and oral therapy should be aimed
to achieving a target heart rate between 50 and 60 beats per
minute.

In a cohort of 7,106 patients with NSTEMI from the
GRACE registry [29], beta-blocker therapy was initiated
within the first 24 h in 76 % of patients with NSTEMI
(79 % with Killip class I vs 62 % with class II/III; p<0.001).
Failure to initiate beta-blockers within the first 24 h was
associated with lower rates of subsequent beta-blocker
therapy and other evidence-based therapies. Early beta-
blocker therapy was correlated with lower hospital mortality
for NSTEMI patients (OR 0.58, 95 % CI 0.42-0.81) and for
those with Killip class II/III (OR 0.39, 95 % CI 0.23-0.68)
with a trend toward lower mortality in the Killip class I group
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(OR 0.77,95 % CI 0.49-1.21). At 6 months post discharge,
early BB use was associated with lower mortality in NSTEMI
patients (OR 0.75, 95 % CI 0.56-0.997) with a trend toward
lower mortality in patients with Killip class I or TI/I11.

Beta-blockers can increase coronary artery tone and are
contraindicated in vasospastic angina without obstructive
lesions [30].

Adverse Events

In general, f-adrenergic inhibitors are well tolerated, but seri-
ous side-effects may occur, especially when these agents are
used in large doses [2]. Beta-blockers reduce heart rate and
may cause extremebradycardia and AV block. Beta-blockers
can also increase the coronary vasomotor tone, in part
because of unopposed a-adrenergic mediated vasoconstric-
tion. Beta-blockers can lead to a life-threatening increase in
airway resistance and are contraindicated in patients with
asthmaor bronchospastic chronic obstructive pulmonary dis-
ease. In some patients with chronic obstructive pulmonary
disease, the potential benefit of using beta-blockers may
outweigh the risk of worsening pulmonary function.

Contraindications

The contraindications to initiate beta-blocker treatment
include asthma, symptomatic hypotension or bradycardia and
severe decompensated heart failure. Contraindications may
be relative, in patients in whom the benefit of therapy may
outweigh the risk of untoward effects. Chronic obstructive
lung disease without bronchospastic activity and peripheral
vascular disease are not considered as absolute contraindica-
tions and high risk patients may obtain a significant benefit
from this therapy [27, 28]. Diabetes or intermittent lower
limb claudication are not absolute contraindications for beta-
blockers use [2]. Heart failure during the acute setting of
myocardial infarction is a formal contraindication for the use
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of intravenous beta-blockers. However, oral beta-blockers
can be safely administered in patients with heart failure when
the patient is stable and without need of intravenous inotro-
pic support [31].

Drug Interactions

Beta-blockers may show pharmacokinetic and pharmacody-
namic interactions with other drugs [2]. Aluminium salts,
cholestyramine, and colestipol may decrease the absorption
of beta-blockers. Alcohol, phenytoin, rifampicin, and pheno-
barbital, as well as smoking, induce hepatic biotransforma-
tion enzymes and decrease plasma concentrations and
elimination half-lives of lypophilic beta-blockers. Cimetidine
and hydralazine may increase the bioavailability of propran-
olol and metoprolol by reducing hepatic blood flow. Caution
should be exercised in patients who are taking verapamil,
diltiazem or various antiarrhythmic agents, which may
depress sinus-node function or AV conduction. Additive
effects on blood pressure between beta-blockers antagonists
and other antihypertensive agents are often observed.
Indometacin and other nonsteroidal anti-inflammatory drugs
antagonize the antihypertensive effects of beta-blockers.

Dosing of Beta-Blockers

Appropriate dosing of beta-blockers varies with the clinical
characteristics of the patient and the selected beta-blocker.
Atenolol, metoprolol and carvedilol are the beta-blockers
with the largest experience in the setting of acute coronary
syndromes.

Calcium Channel Blockers
Calcium Channel Blockers (CHB) exert an anti-ischaemic

effect through several mechanisms. The reduce afterload
as the decrease blood pressure and contractility, have a
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vasodilatory effect in the coronary arteries and non-hydrop-
iridines reduce heart rate [32]. Clinical trials with verapamil,
diltiazem and nifedipine failed to demonstrate a consistent
significant benefit in patients with acute coronary syndromes
in studies conducted in the early 1980s with low use of antiag-
gregants, beta-blockers, statins, and revascularization. In the
DAVIT-1 trial, treatment was started with 0.1 mg/kg vera-
pamil i.v. and 120 mg/day orally on admission followed by
120 mg three times daily, or matched placebo. Mortality and
reinfarction rates were similar in both groups of treatment
during hospitalization and after 6 and 12-month follow-up
of continuous treatment [33] (Fig. 1.5). In the Multicenter
Diltiazem Reinfarction Study, conducted in 576 patients
recovering from acute non-Q-wave MI treated with either
diltiazem or placebo, treatment was initiated 24-72 h after the
onset of MI and continued for 14 days. Active treatment did
not modify total mortality, but reduced the early reinfarction
rate compared with placebo (9.3 % vs 5.2 %, P<0.03) [34].

Ca+ Channel blockers

verapamil
Mortality
Placebo
15 n=719
101 Verapamil
% ] n=719
5 DAVIT |
7 0.1 mg/kg i.v. + 120 mg/8 h
0 Inclusion: 1st day after AMI

0 50 150 250 350
Days

FIGURE 1.5 Mortality rate was similar in the groups treated with
verapamil and placebo in the DAVIT-1 trial in patients with acute
myocardial infarction (Reprinted with permission from The Danish
Study Group on Verapamil in Myocardial Infarction [33])
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FIGURE 1.6 Mortality, myocardial infarction and refractory ischemia
in the INTERCEPT trial, comparing diltiacem against placebo in
patients with acute myocardial infarction (Reprinted with permis-
sion from Boden et al. [35])

In another prospective, randomized, double-blind, sequential
trial in 874 patients with acute myocardial infarction, but
without congestive heart failure, who first received throm-
bolytic agents (INTERCEPT trial), patients received either
oral diltiazem or placebo, initiated within 36-96 h of infarct
onset, and given for up to 6 months. Diltiazem did not reduce
the cumulative occurrence of cardiac death, nonfatal rein-
farction, or refractory ischemia during a 6-month follow-up
(Fig. 1.6), but the need for revascularization was lower in the
diltiazem group [35]. There is no information related to the
possible benefit of CCB in patients with ACS treated accord-
ing to contemporary strategies.

Hydropiridines have been also tested in acute coronary
syndromes, and no benefit could be demonstrated in any of
the trials. The NAMIS study [36] found that in patients with
ischemic pain of >45 min duration nifedipine therapy (20 mg
orally every 4 h for 14 days) did not prevent progression of
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threatened myocardial infarction to the acute event or limit
infarct size in patients who experienced infarction. Among the
171 patients randomly assigned to drug or placebo, 6 months
mortality did not differ between both groups (8.5 % for pla-
cebo vs 10.1 % for nifedipine), but mortality in the 2 weeks
after randomization was significantly higher for nifedipine-
treated patients (0 % for placebo vs 7 % for nifedipine,
P=0.018). The results indicate that nifedipine did not reduce
the likelihood of progression from threatened myocardial
infarction (TMI) to acute MI. In addition, nifedipine did not
limit infarct size in those patients with TMI in whom infarc-
tion evolved or in patients in whom infarction was already in
progress at the time of randomization. The reason for the lack
of beneficial effect may have been the detrimental effects of
the reduction in coronary blood flow caused by nifedipine-
induced hypotension that may outweighed the beneficial
effects of a decrease in afterload produced by the drug.

Accordingly, there is no evidence to recommend the rou-
tine use of calcium channel blockers as anti-ischemic therapy
in patients with acute coronary syndromes.

Nitrates

Nitrates have been the all-time anti-ischemic agents in
patients with acute coronary syndromes, chronic angina and
secondary prevention. They quickly relieve acute episodes of
angina and sublingual administration of short acting nitrates
have been and still are the recommended medication to
jugulate acute episodes of angina. In a small percentage of
patients, nitroglycerin can open an otherwise occluded coro-
nary artery during an episode of chest pain (Fig. 1.7).
Nitrates produce nonspecific smooth muscle relaxation
through direct tissue action. This effect is independent of any
known neurotransmitter [37]. At the level of the smooth
muscle fiber, nitrates facilitate formation of nitric oxide (NO)
that stimulates guanalyl cyclase activity, and increases the
intracellular concentration of cGMP. CGMP decreases the
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Fiure 1.7 Coronary angiography in a patient with acute myo-
cardial infarction. (a) Complete proximal occlusion of the left
anterior descending coronary artery. (b) Restoration of flow after
administration of nitroglycerine. (¢, d) Final results after coronary
angioplasty

intracellular concentration of free calcium, thereby causing
smooth-muscle relaxation. Nitrates may combine with endog-
enous sulfhydryl groups, forming S-nitrositols (R-SNO) that
subsequently converts to NO. Under physiologic conditions,
the endothelium releases NO that acts as an endogenous
nitrate, producing coronary vasodilation. In patients with
ischemic heart disease, in whom the coronary endothelium is
damaged, nitrates induce the formation of NO in smooth
muscle cells, producing vasodilatation. Nitrates, present
tachyfilaxia, and its effect disappears with time [38].

The primary action of nitrates is vasodilation, which is
attributable primarily to nitrate-induced relaxation of vascular
smooth muscle in veins, arteries, and arterioles. The metabolic
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conversion of organic nitrates to nitric oxide (NO) at or near
the plasma membrane of the vascular smooth muscle cell rep-
resents the cellular basis for the vasodilatory action of these
compounds. Believed to be an endothelium-derived relaxing
factor (EDRF), NO is an important endogenous modulator of
vascular tone. Nitrate administration has been viewed as a
means of providing an exogenous source of NO that may help
replenish or restore the actions of EDRF, which are usually
impaired in patients with coronary artery atherosclerosis.

The reduction in right and left ventricular preload result-
ing from peripheral vasodilation, particularly in the splanch-
nic and mesenteric circulations, combined with afterload
reduction resulting from arterial vasodilation, decreases car-
diac work and lowers myocardial oxygen requirements. As a
consequence, the ratio of myocardial oxygen demand to
myocardial oxygen supply improves, and myocardial isch-
emia is alleviated. Because of their hemodynamic profile,
nitrates are particularly useful in patients with impaired LV
systolic function or heart failure. Additionally, both direct
vasodilator effect of nitrates on the coronary bed and drug-
induced prevention of episodic coronary artery vasoconstric-
tion can increase global and regional myocardial blood flow,
improving the subendocardial-epicardial blood flow ratio.
Enlargement of obstructive atherosclerotic lesions contain-
ing intact vascular smooth muscle can increase the caliber of
some stenoses, improving coronary flow. Nitrates also have
been shown to dilate coronary collateral vessels, reverse
vasoconstriction of small coronary arteries distal to a coro-
nary obstruction, and reduce platelet aggregation.

Clinical Benefit

Few earlier trials prospectively randomized patients with
acute coronary syndromes to explore the clinical efficacy of
nitrates and most information is focusing on infarct size,
enzymatic release and other surrogates for clinical efficacy;
besides, the number of patients we were very small to draw
conclusions.
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In one of such trials, Judgutt et al. [39] 310 patients were
randomly allocated to i.v. niroglycerin and control groups.
Nitroglycerin infusion was titrated to lower mean blood
pressure by 10 % in normotensive and 30 % in hypertensive
patients, but not below 80 mmHg, and was maintained for 39 h.

Compared with controls, nitroglycerin decreased creatine
kinase infarct size. Other indexes of infarct size (i.e. left ven-
tricular asynergy, left ventricular ejection fraction, and Killip
class score) also improved. Infarct-related major complica-
tions were less frequent in the NG than the control groups:
infarct expansion syndrome, left ventricular thrombi throm-
bus, cardiogenic shock and infarct extension. Mortality was
less in NG than in control groups in-hospital (14 % vs 26 %,
p<0.01),at 3 months (16 % vs 28 %, p<0.025) and 12 months
(21 % vs 31 %, p<0.05), but this advantage was only found in
patients with anterior Q wave infarction. Greater benefit on
infarct size occurs with early timing (<4 h) and target mean
blood pressure >80 mmHg.

These fantastic results prompted the organization of sev-
eral megatrials in order to ascertain that nitrates should be
routinely used in all patients with acute coronary syndromes.
None demonstrated any relevant clinical benefit.

The GISSI-3 study was a multicentre randomized clinical
trial to assess the efficacy of lisinopril, transdermal glyceryl
trinitrate, and their combination in improving survival and
ventricular function after acute myocardial infarction [40].
The GISSI-3 trial randomly assigned 19,394 patients within
24 h of symptom onset to a 24-h infusion of nitroglycerin
(beginning within 24 h of onset of pain), followed by topical
nitroglycerin (10 mg daily) for 6 week (with patch removed
at bedtime, allowing a 10-h nitrate-free interval to avoid tol-
erance), or control. Approximately 50 % of patients in the
control group received nitrates on the first day or two at the
discretion of their physician, a major mistake in the design of
the trial. There was an insignificant, and certainly non clinical
relevant, reduction in mortality at 6 weeks in the group ran-
domly assigned to nitrate therapy alone, compared with the
control group (6.52 % vs 6.92 %, respectively) (Fig. 1.8).
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FiGure 1.8 Survival curves in patients with acute myocardial infarc-
tion treated with nitroglycerine or placebo in the GISSI-3 trial
(Reprinted with permission from Gruppo Italiano per lo Studio
della Sopravvivenza nell’infarto Miocardico [40])

There were no significant differences between nitroglycerin-
allocated and control patients in rates of reinfarction, revas-
cularization procedures, persistent hypotension or renal
dysfunction. The nitrate group had a lower rate of reinfarc-
tion angina (P=0.03) and cardiogenic shock (P=0.009).
However, there was a significant excess of stroke rate in the
nitrate group compared with controls (P=0.027).

Another megatrial was organized to demonstrate that
5-isosorbide mononitrate, and oral nitrate with somehow a
prolonged action for several hours. The purpose of the ISIS 4
study [41] was the reliable assessment of the effects on mor-
tality and major morbidity of the addition of three widely
used treatments in patients with definite or suspected acute
myocardial infarction. 58,050 patients were randomized in a
“2 x 2 x 2 factorial” design. The treatment comparisons were:
(1) 1 month of oral captopril versus matching placebo; (2) 1



20 J. Lopez-Sendén and E.L. de S4

5-isosorbide mononitrate

Mortality
Placebo (7.22 %)
2,000 1 n=27,396
1,500 -
* Mononitrate (6.98 %)
n=27,428
o,
% 1,000 -
500 |
AMI <24 h
5-IMN 30 - 60 mg/day
0 T T T 1
ISIS-4 0 7 14 21 28 35

Days

FiGure 1.9 Mortality in patients with acute myocardial infarction
treated with 5-isosorbide monotitrate or placebo in the ISIS 4 trial
(Reprinted with permission from ISIS-4 (Fourth International
Study of Infarct Survival) Collaborative Group [41])

month of oral controlled-release mononitrate (30 mg initial
dose titrated up to 60 mg once daily) versus matching pla-
cebo, and (3) 24 h intravenous magnesium sulphate versus
open control. Patients entering in the study up to 24 h
(median 8 h) after the onset of suspected acute MI. At
5-weeks follow-up, there were 2,129 (7.34 %) deaths
recordedamong 29,018 mononitrate-allocated patients com-
pared with 2,190 (7.54 %) among 29,032 patients allocated
matching placebo (P=0.3) (Fig. 1.9). Follow-up to 1 year did
not indicate any further divergence or convergence of the
survival curves following 1 month of oral mononitrate. There
were not differences in the incidence of reinfarction, post
infarction angina or heart failure, but severe hypotension
requiring termination of study treatment was more frequent
in the nitrate group (8.1 % mononitrate vs 6.7 % placebo,
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P<0.0001). The high number of patent included in the trial
permitted to explore different subgroups, but the study was
consistently neutral in all.

A meta-analysis including the GISSI 3 and ISIS 4 data in
addition of 20 small trial (11 by intravenous and by 9 oral
administration) involving over 81,000 patients indicates that
the role of nitrates in the treatment of acute coronary syndromes
is marginal [41] and its use should be restricted to control
hypertension, pulmonary congestion or refractory ischemia.

Molsidomine

In the believe that nitric oxide donors were potentially highly
beneficial to control acute or chronic ischemia, other com-
pounds were investigated in this clinical settings. In the
ESPRIM trial, molsidomine, with and active metabolite, linsi-
domine, a nitric oxide donor was compared with placebo in a
large-scale trial including 4,017 patients with acute myocardial
infarction. Patients without signs of overt heart failure (Killip
III/TV) were randomly assigned in a double-blind design
within 24 h of symptom onset to receive molsidomine 1 mg/h
intravenously for 48 h, followed by 16 mg molsidomine by
mouth daily for 12 days, or an identical placebo [42]. The mol-
sidomine and placebo groups showed similar all-cause 35-day
mortality (8.4 % vs 8.8 %, p=0.66), Similarly, no differences
were found for long-term mortality (mean follow-up 13
months; 14.7 % vs 14.2 %, p = 0.67) (Fig. 1.10). The two groups
showed similar frequencies of major and minor adverse events;
only headache was significantly more common in the molsido-
mine group. It is still not clear whether nitric oxide donors can
improve survival in higher-risk myocardial infarction patients.

Nicorandil
Adenosine triphosphate sensitive potassium channel open-

ers (KATP) exert cardioprotectiveeffects in ischemic myo-
cardium mimicking ischemic preconditioning. Nicorandil is
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FIGURE 1.10 Survival curves for patients allocated to molsidomine
or placebo in the ESPRIM trial (Reprinted with permission from
European Study of Prevention of Infarct with Molsidomine
(ESPRIM) Group [42])

a KATP channel opener with additional properties similar
to those of nitrate nitrates [43]. Several studies have been
conducted in patients with acute myocardial infarction with
and without reperfusion, trying to demonstrate some pro-
tective effect of nicorandil. The largest study, the J-MIND
[44] included 545 patients with acute infarction undergoing
reperfusion and failed to demonstrate benefit on the primary
endpoint (infarct size measured by creatin kinase levels
and Leith ventricular function evaluated with ventricular
agiography).

In a meta-analysis of 17 studies including over 1,500
patients [45] nicorandil treatment reduced the incidence of
TIMI flow grade <2 in the culprit artery, was associated with
greater LVEF than placebo and no beneficial effect was
observed on the peak creatine kinase value.

In conclusion, nicorandil treatment adjunctive to reperfu-
sion therapy has some beneficial effects on microvascular
function and on functional recovery after AMI but there is no
clinical evidence of benefit and hence no indication in acute
coronary syndromes.
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Ranolazine

Ranolazine, a piperazine derivative, selectively inhibits the
late inward sodium current (late 1) [46], a pathological cur-
rent which occurs in ischemic conditions. Blocking late 1,
attenuates ischemia related myocardial sodium overload and,
subsequently, intracellular calcium overload, a mediator of
further myocardial ischemia. It is thought that the reduction
in diastolic calcium overload improves myocardial relaxation
and reduces left ventricular diastolic stiffness, which in turn
may enhance myocardial perfusion and reduce subendocar-
dial oxygen demand. Ranolazine produces anti-ischemic
effects without depressing hemodynamic function while
exerting minimal effects on heart rate and blood pressure.
Ranolazine is approved for the treatment of chronic angina.

The MERLIN trial was designed to explore the efficacy of
ranolazine against placebo in patients with acute coronary
syndromes. The trial included 6,560 patients within 48 h of
ischemic symptoms [47]. Ranolazine was initiated intrave-
nously and followed by oral ranolazine extended-release
1,000 mg twice daily, or matching placebo. The primary effi-
cacy end point was a composite of cardiovascular death,
myocardial infarction, or recurrent ischemia through the end
of study. And was not significantly different in the ranolazine
and placebo groups (21.8 % vs 23.5 %, p=0.11). Recurrent
ischemia was reduced in the ranolazine group (13.9 %) vs
16.1 %, p<0.03 and in patients with chronic angina reduced
the composite outcome of cardiovascular death and myocar-
dial infarction [48]. The trial concluded that the effect was not
enough to recommend ranolazine in acute coronary syn-
dromes but the trial provided support for the safety and
efficacy of ranolazine to treat chronic stable angina.

Trimetazidine

Trimetazidine is an antianginal agent that has no negative
inotropic or vasodilator properties. Although it is thought to
have direct cytoprotective actions on the myocardium, the
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mechanisms by which this occurs are not completely defined
but probably it shifts cardiac energy metabolism from fatty
acid oxidation to glucose oxidation by inhibiting mitochon-
drial enzymes [49].

The EMIP-FR (European Myocardial Infarction Project —
Free Radicals) was a prospective, double-blind, European
multicentre trial compare the effect of trimetazidine versus
placebo administered to 19,725 patients during the acute
phase of myocardial infarction (within the first 24 h) on long
and short-term mortality [50]. Stratification was according
to thrombolytic therapy (56 %) or not (44 %). An intrave-
nous bolus injection of trimetazidine (40 mg) was given just
before or simultaneously with thrombolysis, followed by
continuous infusion (60 mg/24 h) for 48 h. Overall, no differ-
ence was found between trimetazidine and placebo for the
main end-point, short-term (35-day) mortality, (P=0.98) in
an intention-to-treat analysis. This was the result of opposing
trends in the two strata. Thrombolysed patients showed a
tendency towards more short-term deaths with trimetazidine,
compared to placebo (11.3 %, vs 10.5 %, p=0.15) and non
thrombolysed patients the converse (trimetazidine: 14.0 %,
placebo: 15.1 %, p=0.14). For non thrombolysed patients,
in a per-protocol analysis the beneficial effect of trimetazi-
dine became statistically significant (trimetazidine: 13.3 %,
placebo: 15.1 %, P=0.027).

In conclusion, trimetazidine does not reduce mortality in
patients undergoing thrombolytic therapy; however, it might
have some beneficial effect fornon thrombolysed patients.

If Channel Blockers. Ivabradine

Heart rate plays a major role in some major factors related
with the pathophysiology of ACS. Increased heart rate is
associated with endothelial dysfunction, plaque instability
and ruptureand a decreased threshold for ventricular fibrilla-
tion. A high heart rate in patients with ACS increases cardiac
work and myocardial oxygen consumption, and reduces
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diastolic myocardial perfusion time. This can produce an
imbalance between myocardial oxygen demand and sup-
ply, contributing to ischemia in patients with ACS [51]. In
addition, after an acute complete coronary artery occlusion,
collateral circulation plays a crucial role and is related to
prognosis and collaterals are much more frequently visible
on angiography in presence lower hear rates.

In the contemporary Global Registry of Acute Coronary
Events (GRACE), including patients with ST-elevation myo-
cardial infarction (STEMI), non-STEMI, and unstable angina,
heart rate was an independent prognostic factor in an elabo-
rated model, with an attributable risk for in-hospital and
post-discharge mortality of 5-10 % for each 10 bpm increase
in heart rate [52]. Similar findings were observed in other tri-
als and registries [53]. Despite of this evidence, A relatively
recent observational study demonstrated that only a minority
of post-ACS patients (5.3 %) treated according to current
guidelines reached the recommended level of heart rate dur-
ing their hospital stay [54].

Some of the benefit obtained with beta-blockers in
patients with ACS may be derived from a reduction in heart
rate, with a direct relationship between the obtained heart
rate reduction and the reduction in infarct size, reinfarction,
and clinical outcomes including mortality [55]. This relation-
ship has not been demonstrated with calcium channel
blockers.

Ivabradine, the only available selective inhibitor of the I,
current, reduces heart rate without affecting cardiac contrac-
tility or blood pressure. In experimental models, ivabradine
reduced oxygen consumption, increased myocardial blood
flow, improved endothelial and myocardial function, and
reduced infarct size [S5].

In the VIVIY trial intravenous ivabradine reduce heart
rate and left ventricular volume as compared with placebo in
patients with STEMI and primary PCI. This pilot trial showed
that the use of the drug was safe and opens an opportunity to
explore a new family drugs for the treatment of ischemia in
patients with acute coronary syndromes.
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Conclusions

Anti-ischemic agents still play a role in acute coronary syn-
dromes in the reperfusion era. However, only betablockers
can be recommended as a routine treatment in absence of
contraindications. Beta-blockers should be started per os as
soon as possible and its intravenous administration should be
reserved for special cases such as patients with severe
arrhythmias. Other antiischemic therapies should only be
considered in special situations and for the treatment of myo-
cardial ischemia after the acute episode.
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Chapter 2

Antiplatelet Therapy. New
Potent P2Y, Inhibitors

Pablo Avanzas, Cesar Moris, and Peter Clemmensen

Introduction

Acute coronary syndromes are conditions characterized by
the sudden onset of coronary insufficiency as a result of the
thrombotic occlusion of one or more coronary arteries.
Depending on the extent of coronary occlusion, acute myo-
cardial ischemic states range from unstable angina (UA) to
non-ST-segment elevation myocardial infarction (NSTEMI)
and ST-segment elevation myocardial infarction (STEMI).
Platelets play a key pathophysiologic role in the atherothrom-
botic process that leads to an ischemic event; platelet-rich
thrombi are formed at sites of vessel wall injury [1]. Therefore,
antiplatelet agents are the current standard of care for ACS.
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There have been significant important advances in both
antithrombotic and antiplatelet therapies with newer agents
demonstrating improved cardiovascular outcomes and reduc-
tions in complications from bleeding. This chapter provides
an overview on the current status of antiplatelet agents, spe-
cifically the new potent P2Y , inhibitors.

Classification of Antiplatelet Agents

Antiplatelet agents interfere with a variety of platelet func-
tions, including aggregation, release of granule contents and
platelet-mediated vascular constriction. They can be classi-
fied according to their mechanism of action (Fig. 2.1) [2]:

e Aspirin blocks cyclooxygenase (prostaglandin H syn-
thase), the enzyme that mediates the first step in the bio-
synthesis of prostaglandins and thromboxane (including
TxA,) from arachidonic acid [3].

e The P2Y,, receptor blockers (Table 2.1), clopidogrel,
prasugrel, ticagrelor, cangrelor and elinogrel block the
binding of adenosine diphosphate (ADP) to the platelet
receptor P2Y ,, thereby inhibiting activation of the glyco-
protein (GP) IIb/IIla complex and platelet aggregation [4].

e Anti-GP IIb/IIla antibodies and receptor antagonists
inhibit the final common pathway of platelet aggregation
(the cross-bridging of platelets by fibrinogen binding to
the GP IIb/IIla receptor) and may also prevent adhesion
to the vessel wall [5].

Aspirin

Aspirin (acetylsalicylic acid) was the first antiplatelet drug to
be employed clinically. It is still recommended for treatment
of patients with ACS today, in combination to another anti-
platelet agents [6]. Aspirin exerts its action through an irre-
versible blockade of COX-1, the enzyme that catalyzes the
synthesis of thromboxane A2 (TXA,) from arachidonic acid
through selective acetylation of a serine residue at position
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a Currently available antiplatelet agents
P2Y, INHIBITORS
Ticlopidine
TxA, INHIBITORS ! ADP
COX-? Inhibitors Clopidogrel )b"o
‘Aspir Prasugrel 0’6/
spirin s Ticagrelor } ”

AN
Intracellular signaling

GPVIGP Ib/IX/V

GP IIB/IIIA INHIBITORS
Abciximab
Tirofiban

GP lIb/llla

b Novel antiplatelet agents under development
P2Y,, INHIBITORS PAR-1 INHIBITORS
Cangrelor Vorapaxar

Txl.lz I.NTIIBITORS Elinogrel ADP Atopaxar %,

TP inhibitors v '°0;
Picotamide’ » 6,
Ridogrel «1-”

Ramatroban ‘
Terutroban AN

EV-077

Ve

<

\ ’
po?
_— PIP3K inhibitor] "
/ fibrinogen 5HT2A antagonists
/ T TGX-221 [ PGE APDIG!
/ GP Ib antagonists P2y, inhibitors
MRS217¢
GP lib/llla 6B4-Fab I
GP VI antagonists EP antagonists
Kistomin DG-041
Revacept

FiGurE 2.1 Sites of action of antiplatelet agents. (a) Currently available
agents for acute coronary syndromes or percutaneous coronary inter-
vention. (b) Novel antiplatelet agents under development. AA arachi-
donic acid, ADP adenosine diphosphate, COX-I cyclooxygenase-1, EP
prostaglandin receptor, G g-protein, GP glycoprotein, PG prostanglan-
din, PAR-I platelet protease-activated receptor-1, PI3K phosphati-
dylinositol 3-kinase, TP thromboxane receptor, TxA, thromboxane A,
(Reprinted with permission from Ferreiro and Angiolillo [2])
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529 (Ser529) [7, 8]. TXA, causes changes in platelet shape
and enhances recruitment and aggregation of platelets
through its binding to thromboxane and prostaglandin endo-
peroxide (TP) receptors. Therefore, aspirin decreases platelet
activation and aggregation processes mediated by TP recep-
tor pathways [9].

Aspirin is a cornerstone in the treatment of CVD [10].
The safety and efficacy of the drug has been evaluated in
several populations, ranging from apparently healthy indi-
viduals at low risk of suffering cardiovascular events to
high-risk patients presenting with ACS. Numerous clinical
trials have demonstrated that aspirin is effective both in
the acute treatment and in long-term secondary preven-
tion of ACS [11, 12]. A strong evidence of aspirin benefit in
cardiovascular diseases comes from a metaanalysis of 287
randomised trials of antiplatelet therapy for prevention of
death, myocardial infarction, and stroke in high risk patients.
The Antithrombotic Trialists’ Collaboration [12] reviewed
the effect of antiplatelet therapy, mostly aspirin (in doses
ranging from 75 to 1,500 mg daily), in patients considered to
be at high annual risk of vascular events because of evidence
of pre-existing disease (previous occlusive event or predis-
posing condition). Overall, allocation to antiplatelet therapy
reduced the combined outcome of any serious vascular event
by about one quarter; nonfatal myocardial infarction was
reduced by one third, nonfatal stroke by one quarter, and
vascular mortality by one sixth (with no apparent adverse
effect on other deaths).

In the ACS setting, an initial loading dose of 150-300 mg of
uncoated aspirin should be given as soon as possible to any
patient [13, 14]. At this dose, aspirin produces a rapid anti-
thrombotic effect due to immediate and almost complete
inhibition of thromboxane A, production. Aspirin should
preferably be given orally (150-300 mg) -recommend chewing
during the acute event-, to ensure complete inhibition of
TXA,-dependent platelet aggregation, but may be given intra-
venously in patients who are unable to swallow. There is little
clinical data on the optimal i.v. dosage, but pharmacological
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data suggest that a lower dose range than that required for
oral administration may avoid inhibition of prostacyclin.
Therefore a bolus dose ranging from 80 to150 mg i.v. aspirin
should be recommended.

P2Y , Receptor Antagonists

Adenosine diphosphate exerts its effects on platelets via the
P2Y, and P2Y,, receptors. Although both receptors are
needed for aggregation, activation of the P2Y , pathway
plays the principal role, leading to sustained platelet aggrega-
tion and stabilization of the platelet aggregate [2, 15]. P2Y ,
receptor inhibitors (Table 2.1) are recommended for preven-
tion of ischemic events in both the acute and long-term
phases of treatment, as will be described in details below.
Clopidogrel has gained global recognition and is already
widely used as described in more detail in Chap. 5. Two new
agents (prasugrel and ticagrelor) are available as alternatives
for use in place of clopidogrel, and two other agents (cangre-
lor and elinogrel) are also on the horizon.

Clopidogrel

Clopidogrel is a thienopyridine derivative that inhibits plate-
let aggregation. It is administered orally and maximal bio-
availability occurs when it is taken after meals. Clopidogrel is
a prodrug that requires metabolization in the liver through a
double oxidation process mediated by several cytochrome
P450 (CYP) isoforms, to be converted finally into its active
metabolite, which irreversibly blocks the ADP P2Y , platelet
receptor [16]. Due to the irreversible blockade of the P2Y ,
receptor [17, 18], clopidogrel effects last for the whole lifes-
pan of the platelet (7-10 days).

Dual antiplatelet therapy with aspirin and clopidogrel is
recommended per guidelines for patients with ACS, includ-
ing those with UA or NSTEMI, STEMI and for patients
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undergoing PCI [13, 14]. This recommendation is based on
the findings of several large-scale trials that have shown a
clear benefit of adjunctive treatment with clopidogrel in
addition to aspirin in preventing recurrent atherothrom-
botic events (Table 2.2) [6, 19-24]. Despite these evident
clinical benefits, a substantial number of patients may con-
tinue to have recurrent cardiovascular events. Accumulating
observations have shown certain clinically significant limita-
tions associated to clopidogrel use, such us slower onset of
action when compared with the more recently introduced
antiplatelet drugs and variability in individual response [17,
18]. Inter-individual variation can result in coronary isch-
emia and stent thrombosis despite double antiplatelet ther-
apy [25]. The reasons for variation in response are
multifactorial and include genetic, cellular and clinical fac-
tors (Fig. 2.2). To overcome the drawbacks of clopidogrel,
new potent potent P2Y , receptor inhibitors have been
developed in the recent years.

Prasugrel

Prasugrel is an oral, irreversible thienopyridine inhibitor of the
platelet P2Y , ADP receptor and, like clopidogrel, a prodrug
that is rapidly absorbed and requires in vivo metabolism to
form its active metabolite (Fig.2.3) [26]. Prasugrel has a faster
onset of action than clopidogrel, and leads to greater platelet
inhibition with less variability of response. This superiority is
mainly due to its greater bioavailability, which is related to its
simpler metabolism that allows the more rapid and extensive
formation of its ex vivo clopidogrel-equipotent active metabo-
lite. Furthermore, the genetic polymorphisms that limit the
effectiveness of clopidogrel do not seem to affect prasugrel.
Prasugrel treated patients requiring surgery warrant a 7 day
washout period to minimize bleeding complications.

The Trial to Assess Improvement in Therapeutic
Outcomes by Optimizing Platelet Inhibition with Prasugrel-
Thrombolysis in Myocardial Infarction (TRITON-TIMI 38)
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Genetic Factors
 Polymorphisms of CYP
 Polymorphisms of GPla
 Polymorphisms of P2Y,,
* Polymorphisms of GPllla

Suboptimal clopidogrel response

Cellular factors Clinical factors

* Accelerated platelet turnover « Failure to prescribe/Poor compliance

* Reduced CYP3A metabolic activity * Under-dosing

* Increased ADP exposure « Poor absorption

* Up-regulation of the P2Y, pathway « Drug-drug interactions involving CYP3A4
* Up-regulation of the P2Y, pathway « Acute coronary syndrome
 Up-regulation of P2Y— independent pathways * Diabetes Mellitus/Insulin resistance
(collagen, epinephrine, thomboxane A, thrombin) || « Ejevated body mass index

FIGURE 2.2 Proposed mechanisms leading to variability in individual
responsiveness to clopidogrel (Reprinted with permission from
Angiolillo et al. [17])
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FiGURE 2.3 Structures and primary metabolic pathways for prasug-
rel and clopidogrel
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[27] compared the use of prasugrel (60-mg loading dose and
maintenance dose of 10 mg/day) with clopidogrel (300-mg
loading dose followed by a daily 75-mg maintenance dose) in
13,608 patients with moderate to high risk of ACS for whom
PCI was scheduled (26 % STEMI; 74 % unstable angina or
NSTEMI). All patients received aspirin at a dose of 81 mg
daily. For patients with unstable angina or NSTEMI, the cor-
onary anatomy had to be known before randomization. Thus,
in the majority of cases both clopidogrel and prasugrel were
given after coronary angiography. Patients were followed-up
over a period of 6-5 months. The primary efficacy endpoint
(CV death, non-fatal MI or non-fatal stroke) occurred in 12.1
and 9.9 % of the clopidogrel and prasugrel groups respectively
(HR 0.81 [95 % CI: 0.73-0.90,]; P<0.001). Prasugrel reduced
MI rates (9.7 and 7.4 % respectively; P<0.001) and urgent
target-vessel revascularization (3.7 and 2.5 % respectively;
P<0.001). Prasugrel also decreased the likelihood of stent
thrombosis (2.4 and 1.1 %; P<0.001), in patients treated with
BMS only (HR 0.52 [0.35-0.77]; P<0.001) and in those who
received at least one DES (HR 0.43 [0.28-0.66]; P<0.001).
Congruent with the higher antiplatelet activity, the prasugrel
group also had higher major bleeding rates (2.4 % vs 1.8 %;
hazard ratio [HR], 1.32; 95 % CI, 1.03-1.68; P=0.03). Life-
threatening bleeding (1.4 and 0.9 % respectively; p=0.01),
nonfatal bleeding (1.1 and 0.9 % respectively; p=0.23) and
fatal bleeding (0.4 and 0.1 % respectively; p=0.002) were
more common with prasugrel than clopidogrel. Three high-
risk subgroups with lesser net clinical efficacy and higher
rates of bleeding were found in a post hoc analysis: patients
>75 year old, patients weighing <60 kg and patients with a
history of stroke or transient ischemic attack. After exclud-
ing high-risk patients, no significant difference emerged in
the rate of major bleeding between prasugrel and clopidogrel
(HR 1.24 [0.91-1.69]; P=0.17).

Additional subanalyses of the TRITON TIMI 38 suggest
that the magnitude of the effect was enhanced in patients
presenting with STEMI treated with primary or delayed PCI
[28] and diabetic patients [29]. Among patients (n=3,534)
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undergoing PCI for STEMI [28], 6.5 and 9.5 % of the prasu-
grel and clopidogrel arms respectively met the primary end-
point after 30 days (HR 0.68 [0.54-0.87]; p=0.0017).
Prasugrel’s superiority persisted for 15 months (10.0 and
12.4 %; HR 0.79 [0.65-0.97]; p=0.0221). On multivariable
adjustment for baseline differences, prasugrel reduced 30-day
rates of the primary endpoint (HR 0.81 [0.66-0.99]; p=0.0488),
a secondary composite endpoint of CV death, MI or urgent
target vessel revascularisation (6.7 and 8.8 % respectively;
HR 0.75 [0.59-0.96]; p=0.0205) and stent thrombosis (1.2 and
2.4 % respectively; HR 0.49 [0.28-0.84]; p=0.0084) compared
with clopidogrel. Patients with diabetes mellitus (DM) had
greater benefit compared with nondiabetic patients when
dual antiplatelet therapy with prasugrel was used. In a sub-
analysis of the TRITON-TIMI 38 study [29], prasugrel use
was more efficacious compared with clopidogrel in reducing
the ischemic event rates in both diabetics and nondiabetics,
with greater reduction in diabetics. The rate of primary end-
point among patients without DM was 9.2 % versus 10.6 %
(HR, 0.86; P=0.02) and was 12.2 % versus 17.0 % among
patients with DM (HR, 0.70; P<0.001). The TIMI major hem-
orrhage rates were similar among patients with DM for clopi-
dogrel and prasugrel (2.6 % vs 2.5 %; HR, 1.06; P=0.81). This
suggests that the greater antiplatelet activity produced by
prasugrel resulted in higher net clinical benefit in patients
with DM when compared with patients without DM.

The TRILOGY-ACS study examined the use of prasugrel
versus clopidogrel in 9,326 patients with unstable angina or
NSTEMI who were selected for a final treatment strategy of
medical management [30] Additionally, patients were
required to have at least one of the following risk factors: an
age of >60 years, the presence of diabetes mellitus, previous
MI or previous revascularization with either PCI or CABG.
Randomization was carried out at a median of more than 4
days after admission. Prasugrel was given with a loading dose
of 30 mg and a maintenance dose of 10 mg/day in patients less
than 75 years or 5 mg/day for those >75 years or weighed
<60 kg; clopidogrel was given with a 300 mg loading dose and
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a 75 mg/day maintenance dose. The primary efficacy end
point was a composite of death from cardiovascular causes,
nonfatal MI, or nonfatal stroke among patients under the age
of 75 years. Among the primary cohort of patients aged <75
years and at a median follow-up of 17.1 months, there was no
significant between-group difference in the rate of the pri-
mary endpoint (death from vascular causes, MI or stroke),
which occurred in 13.9 % of patients receiving prasugrel
compared with 16.0 % of patients receiving clopidogrel (HR
091 [95 % CI 0.79, 1.05]; P=0.21). Similar results were
observed in the overall population (18.7 % vs 20.3 %; HR
0.96 [95 % CI 0.86, 1.07]; P=0.45), albeit with a significant
decrease in the total number of events (first, and recurrent)
favoring prasugrel.

Ticagrelor

Ticagrelor (Fig. 2.4) is a novel oral direct-acting platelet
blocker that binds reversibly to the P2Y , receptor [31]. Due
to the short half-life, it is dosed twice daily for maintenance
therapy. Platelet function typically normalizes within 2448 h
after termination of therapy [32]. Ticagrelor-treated patients
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requiring surgery warrant a minimum of a 5 day washout
period to minimize bleeding complications. It is contraindi-
cated in patients at high risk of bleeding, with prior hemor-
rhagic stroke and severe hepatic dysfunction. Because
ticagrelor is metabolized by CYP3A4/5 enzymes, the pre-
scribing information for ticagrelor recommends that patients
taking ticagrelor should avoid the use of strong inhibitors or
inducers of CYP3A [2].

PLATO is multicenter, double-blind, randomized trial,
that compared ticagrelor (180-mg loading dose, 90 mg twice
daily thereafter) and clopidogrel (300-to-600-mg loading
dose, 75 mg daily thereafter) for the prevention of cardiovas-
cular events in 18,624 patients admitted to the hospital with
an acute coronary syndrome, with or without ST-segment
elevation [33]. In contrast to TRITON-TIMI 38, in PLATO
patients pretreated with clopidogrel were eligible for enroll-
ment, and randomization generally occurred before defining
coronary anatomy to reflect current practice patterns.

At 12 months, the primary end point — a composite of
death from vascular causes, myocardial infarction, or stroke —
had occurred in 9.8 % of patients receiving ticagrelor as
compared with 11.7 % of those receiving clopidogrel (hazard
ratio, 0.84;95 % confidence interval [CI],0.77-0.92; P <0.001,).
Predefined hierarchical testing of secondary end points
showed significant differences in the rates of other composite
end points, as well as myocardial infarction alone (5.8 % in
the ticagrelor group vs. 6.9 % in the clopidogrel group,
P=0.005) and death from vascular causes (4.0 % vs. 5.1 %,
P=0.001) but not stroke alone (1.5 % vs. 1.3 %, P=0.22). The
rate of death from any cause was also reduced with ticagrelor
(4.5 %, vs. 5.9 % with clopidogrel; P<0.001). No significant
difference in the rates of major bleeding was found between
the ticagrelor and clopidogrel groups (11.6 and 11.2 %,
respectively; P=0.43), but ticagrelor was associated with a
higher rate of major bleeding not related to coronary-artery
bypass grafting (4.5 % vs. 3.8 %, P=0.03), including more
instances of fatal intracranial bleeding and fewer of fatal
bleeding of other types.
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Of remark, the benefit of ticagrelor was consistent across
different subgroup analyses, such as patients with an initial
conservative approach with noninvasive treatment strategy
[34], patients undergoing a planned invasive strategy [35],
those undergoing CABG [36] and in patients with chronic
kidney disease [37].

In contrast to results in TRITON, where three high-risk
subgroups with lesser net clinical efficacy and higher rates of
bleeding were identified in a post hoc analysis, in PLATO
there weren’t any specific subgroups that emerged to have
higher bleeding potential with ticagrelor, including patients
with prior transient ischemic/ischemic stroke. However, sev-
eral non hematological safety end points, which have been
associated with higher discontinuation rates, have been
observed with ticagrelor. These include increased levels of
creatinine and uric acid during treatment and higher rates of
dyspnea and ventricular pauses, compared with clopidogrel.

In the PLATO trial, a prespecified subgroup analysis
showed a significant interaction between treatment and
region (P=0.045), with less effect of ticagrelor in North
America than in the rest of the world. Results of 2 indepen-
dently performed analyses identified an underlying statistical
interaction with aspirin maintenance dose as a possible
explanation for the regional difference. The lowest risk of
cardiovascular death, myocardial infarction, or stroke with
ticagrelor compared with clopidogrel is associated with a low
maintenance dose of concomitant aspirin. Current prescrib-
ing information for ticagrelor includes a warning to avoid
aspirin doses >100 mg in patients receiving the drug [38].

Notably, PLATO was the first study to demonstrate a
reduction of overall mortality with a new P2Y , receptor
inhibitor in comparison to clopidogrel although the study was
not powered to detect differences in the mortality rate.
Several explanations for the mortality benefits with ticagre-
lor beyond its superior antiplatelet effects have been postu-
lated including its potential to modulate endogenous
adenosine concentration with subsequent favourable vascu-
lar effects [39].
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Figure2.5 Chemical structure of cangrelor

Cangrelor

Cangrelor (previously known as AR-C69931MX, Fig. 2.5) is
an adenosine triphosphate analog that has a potent, direct,
and reversible P2Y , receptor inhibition. It is the first P2Y
inhibitor that is available in intravenous form. It acts directly
on the P2Y , receptor without the need for hepatic conver-
sion to an active metabolite, in contrast to prasugrel and
clopidogrel [40]. It has a rapid onset of action (few seconds)
after the administration of a bolus dose. It also has a short
half-life of 3-6 min and its platelet inhibitory effect is
reversed within 30-60 min after discontinuation of the drug
infusion [41]. After binding to the P2Y,, receptor, Cangrelor
is rapidly inactivated by an ADPase located on the surface of
vascular endothelial cells [42].

Cangrelor has been compared to either clopidogrel or
placebo in three randomized trials that included patients with
non-ST elevation coronary syndrome (NSTEACS) and eval-
uated 48-h outcomes [2]. The CHAMPION (Cangrelor ver-
sus standard tHerapy to Achieve optimal Management of
Platelet InhibitiON) program initially included the
CHAMPION-PCI [43] and the CHAMPION-PLATFORM
[44] trials, which evaluated mostly ACS patients undergoing
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PCI, and were terminated before completion because of an
interim analysis showing insufficient evidence of clinical
effectiveness of cangrelor (bolus 30 pg/kg plus infusion of
4 pg/kg/min for the duration of the PCI procedure, with a
minimum infusion duration of 2 h and a maximum of 4 h).
Differences in trial designs and definition of study end points
may have contributed to failure to show superiority in terms
of reduction of adverse ischemic outcomes of cangrelor over
clopidogrel in CHAMPION-PCI (n=8,716), and over pla-
cebo in CHAMPION-PLATFORM (n=5,362) trials. The
CHAMPION-PHOENIX trial [45] randomly assigned 11,145
patients who were undergoing either urgent or elective PCI
and were receiving guideline-recommended therapy to
receive a bolus and infusion of cangrelor or to receive a load-
ing dose of 600 mg or 300 mg of clopidogrel. The primary
efficacy end point was a composite of death, myocardial
infarction, ischemia-driven revascularization, or stent throm-
bosis at 48 h after randomization. The primary safety end
point was severe bleeding at 48 h. The rate of the primary
efficacy end point was 4.7 % in the cangrelor group and
5.9 % in the clopidogrel group (adjusted odds ratio with can-
grelor, 0.78; 95 % confidence interval [CI], 0.66-0.93;
P=0.005). The rate of the primary safety end point was
0.16 % in the cangrelor group and 0.11 % in the clopidogrel
group (odds ratio, 1.50; 95 % CI, 0.53-4.22; P=0.44). Stent
thrombosis developed in 0.8 % of the patients in the cangre-
lor group and in 1.4 % in the clopidogrel group (odds ratio,
0.62;95 % CI, 0.43-0.90; P=0.01). The rates of adverse events
related to the study treatment were low in both groups,
though transient dyspnea occurred significantly more fre-
quently with cangrelor than with clopidogrel (1.2 % vs.
0.3 %). The benefit from cangrelor with respect to the pri-
mary end point was consistent across multiple prespecified
subgroups. Taking in account efficacy results in the
CHAMPION program and the fact cangrelor has not been
directly compared to either ticagrelor or prasugrel, we
believe that the potential role of cangrelor in reducing
isquemic events in ACS patients remains to be determined.
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However, cangrelor may still have a role, due to its pharma-
cological properties, as a bridging strategy in the setting of
patients requiring surgery but who require treatment with a
P2Y , inhibitor to prevent thrombotic complications.

The BRIDGE (Maintenance of platelet inhiBition with
cangreloR after dIscontinuation of thienopyriDines in
patients undergoing surGEry) trial was a prospective, ran-
domized double-blind, placebo controlled, multicenter trial
in patients (n=210) with an ACS or treated with a coronary
stent on a thienopyridine awaiting CABG to receive either
placebo or cangrelor at a dose (0.75 pg/kg/min) identified in
dose-finding phase of the trial [2, 46]. Among patients who
discontinue thienopyridine therapy prior to cardiac surgery,
the use of cangrelor compared with placebo resulted in a
higher rate of maintenance of platelet inhibition. Therefore,
cangrelor may represent a future option for bridging therapy
in patients with ACS or treated with coronary stents who
require surgery.

Elinogrel

Elinogrel, a quinazoline-2,4-dione (Fig.2.6),is a potent,revers-
ible, ADP receptor antagonist that is available in an oral and
intravenous formulation [47]. Maximum platelet inhibition is
achieved within 15 min of intravenous administration result-
ing in more rapid platelet inhibition effects than any other
oral antiplatelet drugs. Elinogrel has a plasma half-life of
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approximately 12 h. Its direct mode of action does not require
metabolic activation or conversion into an active drug leading
to reduced variability in drug response compared to clopido-
grel. Polymorphisms of genes codifying hepatic cytochrome
P450 isoenzymes do not seem to play a role in the elinogrel
response rate [48]. The compound is cleared to a similar
extent through the kidney and the liver [49].

Elinogrel has been tested in two phase 2 studies in patients
with ST- elevation myocardial infarction (STEMI) and in
patients with stable CAD undergoing PCL

The ERASE-MI trial [S0] examined the safety and toler-
ability elinogrel versus placebo when administered to STEMI
patients before primary PCI. Patients were randomized to
escalating doses (10, 20, 40, and 60 mg) of elinogrel adminis-
tered as a single intravenous bolus before the start of the
diagnostic angiogram preceding primary PCI or placebo. All
patients received a 600-mg clopidogrel loading dose, followed
by a second 300-mg clopidogrel loading dose 4 h after PCI.
The major outcome, in-hospital bleeding, was assessed with
the Thrombolysis in Myocardial Infarction and Global
Strategies to Open Occluded Coronary Arteries bleeding
scales. Seventy patients were randomized in the dose-
escalation study, but the dose-confirmation phase was not
started because the trial was prematurely terminated for
administrative reasons. The incidence of bleeding events was
infrequent and appeared to be similar in patients treated with
all doses of elinogrel versus placebo.

The INNOVATE-PCI trial [51] evaluated the safety, effi-
cacy, and tolerability of elinogrel in patients undergoing non-
urgent percutaneous coronary intervention. Patients (n=652)
received either 300 or 600 mg of clopidogrel pre-percutaneous
coronary intervention followed by 75 mg daily or 80 or
120 mg of IV elinogrel followed by 50, 100, or 150 mg oral
elinogrel twice daily. In comparison with clopidogrel, intrave-
nous and oral elinogrel therapy did not significantly increase
thrombolysis in myocardial infarction major or minor bleed-
ing, although bleeding requiring medical attention was more
common. The significance of these findings will need to be
more definitively determined in future phase 3 studies.
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Glycoprotein IIB/IITA Inhibitors

Platelet GPIIb/IIIa complex is intimately involved in platelet
aggregation. GPIIb/IIIa changes its conformation following
platelet activation, becomes a receptor for fibrinogen, and
the fibrinogen links adjacent platelets together. The GPIIb/
IITa antagonists block the interaction of fibrinogen with the
activated GPIIb/IIIa complex. These drugs do not prevent
the initial activation of platelets by the various agents that
bring this about, but block the final common pathway in the
aggregation process [52]. There are available three different
GPIs currently approved for clinical use: abciximab, eptifiba-
tide, and tirofiban These drugs are only available for intrave-
nous use and have a rapid onset of action and a very potent
inhibitory effect on platelets, so their use is restricted to the
acute phase of treatment [5]. Importantly, the efficacy of
these agents correlates directly with the severity and the risk
of ACS, reaching their maximal benefit in high risk ACS
patients undergoing PCI [53].

In NSTEMI patients, GP IIb/IIla inhibitors may be con-
sidered in the catheterization laboratory in high-risk patients,
in patients with significant intracoronary thrombus burden,
or in the absence of timely antiplatelet pre-treatment. In
these cases, the strongest evidence supports the use of abcix-
imab. Also, in the setting of STEMI, GP IIb/Illa inhibitors
should be considered for bailout therapy if there is angio-
graphic evidence of massive thrombus, slow or no-reflow or a
thrombotic complication. Routine upstream therapy with GP
IIb/II1a inhibitors is not recommended at present [13, 14].

Finally, we have to keep in mind that many trials evaluat-
ing GP IIb/I11a inhibitors’ efficacy were performed before in
the era in which the new P2Y , inhibiting agents prasugrel
and ticagrelor were not available and the regimens of clopi-
dogrel that are currently being used (e.g., pretreatment, high
loading doses) were not part of the standard of care.
Therefore, the role of GP IIb/IIIa inhibitors in today’s clinical
practice is diminished significantly.
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Future Perspectives and Conclusions

Despite the known benefit of dual antiplatelet therapy in
patients with ACS, a substantial percentage of patients still
present recurrent atherothrombotic events, leading to the
development of newer and more potent antiplatelet agents,
some of which have already been approved for clinical use,
such as prasugrel and ticagrelor [54]. The potent antiplatelet
agents prasugrel and ticagrelor are now the treatment of
choice for ACS patients. In the current ESC ACS guidelines,
clopidogrel is only recommended for patients who cannot
receive ticagrelor or prasugrel. The choice of ticagrelor or pra-
sugrel for a given ACS patients may be difficult, and stresses
the need for clear institutional or regional protocol, but both
are recommended with equal weight in the guidelines [13, 14],
particularly in the STEMI setting. It emerges that prasugrel is
mostly used in STEMI or in NSTEMI with very rapid access
to invasive evaluation, as a consequence of the recommenda-
tion to have the coronary anatomy well defined prior to first
dose. . By virtue of the PLATO study design, ticagrelor does
not have this same limitation in use. Large scale studies with
head-to head comparisons between prasugrel and ticagrelor
are unlikely to be performed, so each institution must have a
well defined strategy of individualized treatment or a common
drug for all patients without contraindications.
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Chapter 3

Anticoagulation Therapy.
Heparins, Factor II and Factor
Xa Inhibitors

Ana Muiiiz-Lozano, Fabiana Rollini, Francesco Franchi,
and Dominick J. Angiolillo

Introduction and General Considerations

Atherosclerotic disease is a progressive and diffuse disease
which may affect any arterial vasculature [1]. Coronary artery
disease (CAD) starts in the late teens under the form of fatty
streaks and progress with age, until atherosclerotic plaques
are developed. Thrombotic complications of atherosclerotic
plaques occur mostly following rupture, fissure or superficial
endothelial cell erosion [2]. This leads to activation of the
platelet cascade, characterized by adhesion, activation, and
aggregation, as well as activation of the extrinsic pathway of
the coagulation cascade which ultimately results in throm-
bin generation. Thrombus formation can be subclinical, and
thus favor plaque progression, or clinical, and thus lead-
ing a clinical manifestation of an acute coronary syndrome
(ACS) [1, 2]. Nonocclusive thrombi typically lead to a non-
ST elevation ACS (NSTE-ACS) and occlusive thrombi to

A. Muiiz-Lozano, MD e F. Rollini, MD e F. Franchi, MD
D.J. Angiolillo, MD, PhD (<)

Department of Cardiology,

University of Florida College of Medicine-Jacksonville,
655 West 8th Street, Jacksonville, FL 32209, USA

e-mail: dominick.angiolillo@jax.ufl.edu

P. Avanzas, P. Clemmensen (eds.), Pharmacological Treatment 59
of Acute Coronary Syndromes, Current Cardiovascular Therapy,

DOI 10.1007/978-1-4471-5424-2_3,

© Springer-Verlag London 2014



60 A. Muniz-Lozano et al.

a ST-elevation myocardial infarction (STEMI) [1-3]. The
absence or presence of cardiac biomarkers allows to differen-
tiate NSTE-ACS patients into two categories: unstable angina
(UA) or non-ST elevation myocardial infarction (NSTEMI).
In the setting of percutaneous coronary interventions (PCI),
plaque rupture is iatrogenically induced. Therefore, these
patients are also exposed to the risk of intraprocedural
thrombotic complications which warrant specific therapies.

The extensive procoagulant and prothrombotic actions of
thrombin underlie its key role in the setting of ACS, given that
it represents the last step of coagulation as it converts fibrino-
gen to clottable fibrin by releasing fibrinopeptides A and B
[4]. Moreover, thrombin is also the most potent naturally
occurring platelet agonist and therefore has been considered
as a pharmacological target in order to prevent the formation
of fibrin- and platelet-rich thrombi induced by thrombin. The
mechanism of generation of acute platelet-rich thrombus and
promoting vascular healing after arterial injury has been
broadly described [5-10]. On the platelet surface, thrombin
binds to its specific receptor on platelets ultimately leading to
the expression of activated glycoprotein IIb/I11a (GP I1b/111a)
receptors. Via the GP IIb/Illa receptor platelets are cross-link
activated by ligands such as fibrinogen forming platelet aggre-
gates. Moreover such platelet aggregates increase the surface
area for the prothrombinase complex by providing a phos-
pholipid membrane platform on which a complex of activated
factors V and X and calcium ions can form contributing to
thrombus formation [7] and amplifying thrombin generation.
Thrombin becomes resistant to inactivation by the heparin/
antithrombin complex when bound to fibrin, fibrin degrada-
tion products or subendothelial matrix [8-10].

Given that this central role of thrombin in arterial throm-
bogenesis, therapeutic agents have been developed to target
either thrombin or modulators of thrombin generation
within the coagulation cascade (Fig. 3.1). These include a
variety of agents available for parenteral administration,
used in combination with antiplatelet therapies (discussed in
details elsewhere in this book), used in ACS and PCI setting
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Ficure 3.1 Central role of thrombin in thrombosis and haemostasis.
Thrombin is a crucial enzyme that has numerous biological actions.
Its main role regards the generation of fibrin by the excision of
fibrinogen, but additionally it promotes platelet activation and
aggregation by binding protease-activated receptors (PARs)-1 and
—4 existing in platelets and multiple cell types exerts. Moreover,
thrombin also intensifies clotting by activating coagulation factor (F)
XI and the cofactors FV and FVIII into FVa and FVIIIa, respec-
tively; and it stabilizes clots by activating FXIII. In addition, throm-
bin has pro-inflammatory actions and also exerts anti-fibrinolytic
actions, given that it provides a molecular link between coagulation
and inhibition of fibrinolysis by activating thrombin activatable fibri-
nolysis inhibitor (TAFT). Furthermore, thrombin promotes the acti-
vation of protein C and protein S, two natural vitamin K-dependent
anticoagulant proteins that stop the coagulation cascade by blocking
FVa and FVIIIa (Reproduced from De Caterina et al. [11])
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which may be chosen depending on the level of ischemic
and hemorrhagic risk of the patient as well as their planned
early management (conservative vs. invasive). Indeed, not
only the choice of therapy by also timing of administration
and cessation are key determinant of short and long-term
outcomes. Given that ACS patients persist with elevated
thrombin levels following an ACS event, there also has been
an emerging interest on adding oral anticoagulant therapy
to standard antiplatelet regiment for long-term secondary
prevention of ischemic event. In this chapter, we provide an
overview of the basic principles of pharmacology, rationale
for use, indications, contraindications, dosing considerations
and side effects of currently available anticoagulant therapies
are summarized and recent advances in the field provided.

Anticoagulant Therapy: Classification

The classification of anticoagulant agents is based primarily
on the target coagulation enzyme which is inhibited. Most
clinically available anticoagulant therapies block factor (F) IT
or thrombin and FX. Each class of inhibitors blocking a spe-
cific target can then be classified according to its mechanism
of action to exert its inhibitory effects as direct or indirect,
based on the need of a co-factor without which these agents
would provide minimal or null effects (Fig. 3.2). Finally, antico-
agulant therapies can be classified according to their route of
administration (parenteral or oral).In the setting of ACS and
PCI, parenteral agents are used and include a variety of throm-
bin inhibitors (direct and indirect). Anti-X inhibitors are also
used in ACS patients, mostly medically managed, although to
a lesser extent than thrombin inhibitors and currently only an
indirect anti-X inhibitor for parenteral use is clinically avail-
able. These agents are described in details below.

Thrombin Inhibitors

Thrombin inhibitors can be classified into two broad catego-
ries according to the presence or absence of a plasma cofactor
needed to exert its effects: indirect and direct thrombin
inhibitors (DTIs). Details of these agents are described below.
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| Anticoagulants |
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Thrombin Factor Xa Thrombin Factor Xa
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UFH hirudin otamixaban VKA dabigatran rivaroxaban
LMWH bivalirudin apixaban
fondaparlnux ~ argatroban edoxaban

M118

FiGure 3.2 Currently available anticoagulants according their mode
of action and route of administration (Reproduced from De
Caterina et al. [11])

Indirect Thrombin Inhibitors

Indirect thrombin inhibitors include unfractionated heparin
(UFH) and low-molecular weight heparin (LMWH), which
in the absence of the cofactor antithrombin (AT), an endog-
enous inhibitor of several activated clotting factors have
minimal or no intrinsic anticoagulant activity.

Unfractionated Heparin

Mechanism of Action and Pharmacokinetic/
Pharmacodynamic Profile

UFH is a highly sulfated glycosaminoglycan composed by a
heterogeneous mixture of variable molecular weight polysac-
charide molecules. The structure and the mechanism of action
of heparin are described in Fig. 3.3. UFH is administrated
through anintravenous (IV) or subcutaneous (SC) route
because its polysaccharide chain is degraded in gastric acid.
UFH should not be administrated intramuscularly because of
the danger of hematoma generation. UFH is metabolized
primarily by the liver (by heparinase to uroheparin, which
has only small AT activity) and partially metabolized by the
reticuloendothelial system [13].
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FIGURE 3.3 Mechanism of thrombin generation and action of direct
thrombin inhibitors (DTIs) as compared with heparin. (a) Tissue-
factor expression by endothelial cells and the activation of factors
XI, IX, and VIII are crucial to formation of fibrin. During the
coagulation cascade the molecule of thrombin is the cornerstone.
Natural anticoagulant mechanisms regulate the formation of the
clot limiting the hemostatic process to the location of the injury to
the vessel. (b) The transformation of AT from a slow to a very fast
thrombin inhibitor causes a conformational change by the binding
of pentasaccharide to AT. A ternary complex (UFH:AT:thrombin),
composed by AT and thrombin, joined by UFH longer chains (>18
saccharide units) acting as a bridge between both molecules, leads to
a greater inhibition of thrombin compared with FXa. In this way,
UFH fibrin formation and inhibits thrombin-induced activation of
platelets, factor V, and factor VIII, thereby preventing thrombus
propagation (Reproduced from Di Nisio M et al. [12])

<
<

After administering an IV bolus followed by continu-
ous IV infusion, an immediate anticoagulant effect can
be achieved, which underscores this route of administra-
tion in patients with ACS. SC administrations (10 % lower
bioavailability than IV) delay 1 hour (h) the anticoagulant
effect of UFH, achieving the peak plasma levels at 3 h [14,15].
After entering in the bloodstream, the binding of UFH to a
number of plasma proteins, endothelial cells, macrophages,
and von Willebrand factor (vWF), takes places, reducing
its anticoagulant activity, leading to heparin resistance, and
inhibiting vWF-dependent platelet function [16-19] The
variability of anticoagulant response, particularly in patients
with thromboembolic disorders, and its complex pharmaco-
kinetic (PK) profile, is caused by the heterogeneity of UFH
properties [16]. Clearance of UFH takes place by a saturable
depolymerization process produced by the binding of UFH
to endothelial cells and macrophages [20, 21]. A non satu-
rable renal clearance, a slower elimination pathway, occurs
mostly with supraclinical doses of UFH [22].
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The PK profile of UFH explains why the intensity and
duration of anticoagulant response results nonlinear to thera-
peutic doses of UFH and increases excessively with cumula-
tive dose. In line with this, an IV bolus of 100 U/kg increases
the biological half-life of UFH from 30 min (after an IV bolus
of 25 U/kg) to 60 min, and a bolus of 400 U/kg for 30-150
min [14, 22-24]. The anticoagulant effect of UFH lasts just a
few hours after cessation of UFH due to the fast clearance.
In fact, it is possible to reactivate the coagulation process and
because of an increase of thrombin activity after cessation a
phenomenon called “heparin rebound” may occur, despite
concomitant aspirin treatment [25, 26]. Changing from IV
to SC dosing before interruption of UFH could mitigate this
effect [27, 28].

The heterogeneous binding properties to several cells and
proteins confer UFH other biologic effects in addition to
its anticoagulant effects, such as alteration of platelet func-
tion, an increase in vessel wall permeability, a suppression of
smooth muscle cell proliferation. Inhibition of osteoblast for-
mation and osteoclast activation has also been described by
in vitro studies of UFH [28-35]. Clinically the most relevant
non anticoagulant effect of UFH is its potential to induce
immune-mediated platelet activation known as heparin-
induced thrombocytopenia (HIT) [24, 36, 37].In comparison
with LMWH,UFH causes more frequently thrombocyto-
penia (defined as a platelet count <100,000/pL or a 50 %
reduction in baseline platelet count), with an approximate
incidence of 0.3 %. The phenomenon of inadequate response
to UFH is described by heparin resistance, demanding higher
than usual doses of UFH to acquire the desired anticoagulant
effect. More rapid clearance of UFH [38], increased heparin-
binding proteins [17], AT deficiency, or increased factor VIII
levels [39] can explain this phenomenon.

Indications

The benefit of UFH in the setting of ACS, particularly UA/
NSTEMI, has been extensively demonstrated in many trials
establishing it as a class IA therapy concomitantly with
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platelet inhibitors [40, 41]. Metaanalyses of six relatively
small randomized, placebo-controlled trials with UFH for
treatment of UA/NSTEMI have led to guideline recommen-
dations for UFH use in ACS [42-48] (Table 3.1).

For STEMI patients undergoing PCI the use bivalirudin
with or without prior treatment with UFH is considered pref-
erable to UFH andglycoprotein IIb/IIIa inhibitors (GPI) [49,
50] (Table 3.2). However, during PCI or combined with fibri-
nolytic therapy in the setting of STEMI adjunctive anticoagu-
lation with UFH has been also demonstrated in clinical trials,
but the use of SC or IV UFH as an adjunct to streptokinase
(SK) remains controversial. UFH is recommended in high-
thrombotic-risk patients SK-treated [49, 50].

Dosages, Monitoring and Reversal

Based on evidence-based guideline recommendations and
available clinical trial data [49, 50], initial dosing of UFH in
patients with ACS should start with an I'V weight-based bolus
followed by continuous IV infusion [40]. At each institution,
because of the laboratory variation, nomograms should be
performed in order to reach activated partial thromboplastin
time (aPTT) values in the target range, for many aPTT
reagents [40, 49]. In a patient with ACS, UFH is usually initi-
ated at time of clinical presentation. For UA/NSTEMI, an
initial IV bolus of 60-70 U/kg (maximum 4,000 U) followed
by continuous infusion of 12-15 U/kg/h (maximum 1,000 U/h
is recommended) [40, 49]. For STEMI patients on non-SK
fibrinolytic therapy regimens, the dosing of UFH is at the
lower end of this range (Table 3.1) [51]. Given that higher
aPTT responses to UFH have been related with older age,
low body weight, and female sex, these factors should be par-
ticularly considered in dosing decisions. Also smoking and
diabetes should be considered because have been associated
with an attenuated response to UFH [52, 53]. Higher than
usual doses of UFH to obtain the desired anticoagulant effect
are needed when the phenomenon of inadequate response to
UFH occurs because of a heparin resistance [17]. Higher
doses of UFH, [54, 55] prolonged or repeated exposure, [56]
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and concomitant use of fibrinolytic [57-59] or GPI [60] have
been associated with an increase of the hemorrhagic and
non-hemorrhagic complications. During UFH infusion plate-
let count and hemoglobin should be measured at least once a
day. More than a 20 % of patients could have a mild, clinically
insignificant drop in their platelet count (above 100,000/uL).
All UFH therapy (included IV flush) should be immediately
interrupted if there is a drop in platelet count (suspecting
HIT). Moreover a screening for anti-platelet factor-4 anti-
bodies, followed by the more definitive serotonin release
assay, is also required [56, 61, 62]. Reversal of UFH effects
can be achieved with protamine, a small arginine-rich (e.g.
cationic) nuclear protein purified from fish sperm. An IV
bolus of 1 mg of protamine could be used to rapidly neutral-
ize 100 U of UFH, reversing its anticoagulant effect [63, 64].

In the setting of PCI, the recommended dosage of IV UFH
depends on prior exposure to anticoagulant therapy [65]
(Table 3.2). In patients who have received prior anticoagulant
therapy, if IV GPI are planned, UFH should be added as
needed (e.g., 2,000-5,000 U) to achieve an ACT of 200-250 s.
If IV GPI are not planned, the additional UFH should aim to
achievean ACT of 250-300 s for HemoTec, 300-350 s for
Hemochron. Without prior anticoagulant therapy, if IV GPI
are planned, a 50-70 U/kg bolus should be administrated to
achieve an ACT of 200-250 s. However, if IV GPI are not
planned, the bolus dose may be 70-100 U/kg to achieve target
ACT of 250-300 s for HemoTec, 300-350 s for Hemochron.
Full-dose anticoagulation is no longer used after successful
PCI procedures [65].

Side Effects and Contraindications

Bleeding is the main side effect related with the use of IV
UFH, but recent trials demonstrated that this is <3 % [66].
However, higher heparin dosages, concomitant use of anti-
platelet drugs or oral anticoagulant, and increasing age (>70
years) increases the bleeding risk [66]. As stated above, the
development of HIT (usually between 5 and 15 days after the
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initiation of UFH) is another important problem associated
with heparin therapy. Patients who have a previous exposi-
tion to heparin may have a more rapid onset [36, 37, 61].An
alternative antithrombin drug must be chosen in the setting
of HIT. The development of osteoporosis and rare allergic
reactions less commonly have been described with long-term
use of heparin.

Low-Molecular-Weight Heparin

Mechanism of Action and Pharmacokinetic/
Pharmacodynamic Profile

Because of the many known limitations associated with the
use of UFH (nonspecific binding, the production of antihepa-
rin antibodies that may induce thrombocytopenia, continu-
ous IV infusion, and the necessity for frequent monitoring),
LMWHs, potent inhibitors of both thrombin (anti-Ila effects)
and FXa have been developed [55]. These heparins do not
require monitoring due to their more rapid and predictable
absorption, anticoagulant response and greater than 90 %
bioavailability [67]. Anti-Xa levels peak 3-5 h after a SC dose
of LMWH [68, 69]. Fewer platelet agonist effects less often
associated with HIT also characterize LMWHs. After 3-6 h
following a SC dose a renal elimination (largely dose-inde-
pendent) takes place, leading to prolonged anti-Xa effect and
linear accumulation of anti-Xa activity in patients with a
creatinine clearance (CrCl) <30 ml/min [70-72]. The antico-
agulant effect of LMWHs can be measured via anti-FXa
levels, with a target peak anti-Xa level 0.6-1.0 U/mL derived
from studies of venous thromboembolism treatment [73, 74].

Depolymerization of the polysaccharide chains of UFH
originates LMWHs, producing fragments ranging from 2,000
to 10,000 Da [68, 69, 75]. The unique pentasaccharide
sequence needed to bind to AT is contained by these shorter
chain lengths, that are too short (<18 saccharides) to form the
ternary complex crosslinking AT and thrombin. Consequently,
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the primary effect of LMWHs is limited to AT-dependent
FXa inhibition. LMWHs result in a FXa:thrombin inhibition
ratio ranging from 2 to 4:1, in comparison to UFH where the
ratio of FXa:thrombin inhibition is 1:1 [76]. Also compared to
UFH, LMWHs have a more favorable and predictable phar-
macokinetic profile because of its reduced binding to plasma
proteins and cells [68].

Enoxaparin is the most studied and developed LMWH
preparation in clinical trials of UA/NSTEMI, STEMI and
PCI. The main difference among LMWHs is their molecular
weight and therefore the relative anti-Xa:anti Ila ratio.
Enoxaparin has a mean molecular weight of 4,200 Da with
anti-Xa:anti-Ila ratio of 3.8; dalteparin with a mean molecu-
lar weight of 6,000 Da has an anti-Xa: anti-Ila ratio of 2.7
[69]. The preferential binding ratio to FXa over thrombin,
less plasma protein binding, attenuated platelet activation,
lower risk of HIT, and reduced binding to osteoblasts are the
theoretical pharmacologic advantages of LMWH over UFH
[35,69,77-79].

In the majority of clinical settings routine monitoring of
anti-FXa levels is not necessary due to the predictable anti-
coagulant response to LMWHSs. The Thrombolysis in
Myocardial Infarction 11A (TIMI 11A) trial assessed the PK
and pharmacodynamic (PD) properties of enoxaparin includ-
ing an enoxaparin clearance of 0.733 L/h, a distribution vol-
ume of 524 L, and an elimination half-life of 5 h [80].
Enoxaparin clearance modeled and predicted hemorrhagic
complications and was significantly related to patient weight
and CrCl. A 27 % decrease in enoxaparin clearance was cor-
related with CrCl <30 mL/min, causing a 3.8-fold increased
risk of major hemorrhage [81].In patients with CrCl <30 mL/
min, the dose of enoxaparin needs to be adjusted and reduced
in half (e.g. 1 mg/kg/day). Age, female sex, lower body weight,
reduced renal function, and interventional procedures can
increase the risk of bleeding with LMWH which is highly
dose-related [80].

The probability of LMWHS to origin anti—platelet factor-4
antibody formation is about three times lower than UFH [56,
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82] and produces less frequently HIT in patients who have
anti-platelet factor-4 antibodies, although LMWHs are simi-
larly reactive as UFH in activation assays of washed platelets
using serum from HIT patients [56, 83]. Also osteopenic
effect is lower compared with UFH [84]. Protamine sulfate (1
mg per each 1 mg of enoxaparin within 8 h) may be used to
neutralize the anti-Ila effect of LMWH when hemorrhagic
complications, but it is variable and uncertain the grade to
which the anti-Xa activity of LMWH is neutralized by prot-
amine [85].

Indications

The safety and efficacy of LMWHs has been demonstrated in
patients with UA/NSTEMI and STEMI, and also in patients
undergoing PCI [40, 49, 86]. LMWH with UFH have been
directly compared in 9 randomized trials [87-95] in UA/
NSTEMI patients. No significant differences in death or MI
were observed in patients treated with LMWH compared
with UFH in two studies using dalteparin [87, 88] and one
with nadroparin [89]. Enoxaparin’s greater anti-Xa-to-anti-
IIa ratio when compared with dalteparin, and the extension
of its antithrombotic actions to include inhibition of platelet
aggregation by blocking the release of vVWF could be the rea-
sons of the greater severity of the disease in the patients
enrolled in the reported studies [96].

A meta-analysis by Petersen et al. [97] that pooled the
data from six trials evaluating 21,946UA/NSTEMI patients
randomized to enoxaparin or UFH, showed significant
reductions in the combined endpoint of death/MI by 30
days favoring enoxaparin over UFH, particularly in patients
who had not received any antithrombin before randomiza-
tion [97]. There were no significant differences in major
bleeding or blood transfusion within the first week of
therapy.

The largest and most recent trial comparing enoxaparin to
UFH, randomized 10,027 high-risk patients with UA/
NSTEMI undergoing an early invasive strategy using
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guideline recommended aspirin, clopidogrel and GPI [90].
The primary composite end point of death or MI at 30 days,
was no different between enoxaparin and UFH (14 % vs.
14.5 %; OR 0.96; 95 % CI, 0.86-1.06). Enoxaparin compared
to UFH produced significantly higher TIMI major bleeding
(P=0.008). Anticoagulant switching effects due to pre-ran-
domization anticoagulant use and time- rather than ACT-
guided sheath removal in the enoxaparin arm were potential
causes of the increased bleeding with enoxaparin [90].
Enoxaparin, but not the other LMWHs, is preferred over
UFH for the medical management of UA/NSTEMI in the
ACC/AHA guidelines [40]. The greatest benefit is described
in patients with elevated troponin values.

As adjunctive pharmacotherapy for STEMI patients
receiving fibrinolytic therapy, the safety and efficacy of
enoxaparin versus UFH has been assessed in 2 trials. Added
to fibrinolytic therapy, enoxaparin diminished the risk of
in-hospital reinfarction or refractory ischemia compared to
UFH, but at the expense of an increased the rate of intra-
cranial hemorrhage (ICH) among patients over the age of
75 [49, 98, 99].

STEMI patients receiving thrombolytic therapy to enoxa-
parin or UFH for at least 48 h were randomized in the
Enoxaparin and Thrombolysis Reperfusion for Acute
Myocardial Infarction-TIMI 25 (EXTRACT-TIMI 25) trial
(n=20,506) [51]. Patients with impaired renal function
defined (CrCl <30 mL/min) received a reduced dose of
enoxaparin (1 mg/kg SC q.d.) and also patients older than 75
did not receive bolus of enoxaparin and receive a lower SC
dose of 0.75 mg/kg b.i.d). The risk of death and reinfarction at
30 days associated with enoxaparin compared with UFH was
significantly reduced (p=0.001). Enoxaparin was associated
with a significant increase of TIMI major bleeding compared
with UFH (2.1 % vs. 1.4 %;P<0.001). In conclusion, the type
of fibrinolytic agent and the age of the patient did not affect
the net clinical benefit (absence of death, non-fatal infarction,
or ICH) which favored enoxaparin (10.1 % vs. 122 %;
P<0.001) [100, 101].
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Dosages

UA/NSTEMI patients should receive anticoagulant therapy
in addition to antiplatelet therapy as soon as possible after
clinical presentation [40,49] (Table 3.1). Enoxaparin (1 mg/kg
SC b.i.d) has demonstrated to be effective for patients in
whom an invasive or conservative strategy is selected. As
previously mentioned, it is particularly important to adjust
the dose of enoxaparin in patients with renal insufficiency
(CrCl <30 mL/min), reducing it to 1.0 mg/kg SC daily. LMWH
should be continued without loading of UFH if it has been
started upstream.

Numerous routes of administration of LMWH can be used
in the setting of a PCI: (a) the first dosing regimen option is
1 mg/kg SC b.i.d.; the last dose of SC LMWH has to be
administered within 8 h of the procedure and it is also impor-
tant to warrant that at least 2 SC doses of LMWH are given
before the procedure to ensure balanced state; (b) a 0.3 mg/
kg bolus of IV enoxaparin is recommended at the time of PCI
if the last dose of enoxaparin was given 8-12 h before PCI, (c)
another dosing regimen option at the time of PCI is 1 mg/kg
enoxaparin IV (if no GPlIis used) or 0.75 mg/kg (if a GPI is
used) [40, 49]. The STEEPLE (SafeTy and Efficacy of
Enoxaparin in PCI patients, an international. randomized
Evaluation) study found safe the IV dose of 0.5 mg/kg for
elective PCI [102].

In the setting of patients with STEMI treated with fibrino-
lysis if renal function is preserved (<2.5 mg/dL [220 pmol/L] in
male patients and <2.0 mg/dL [175 pmol/L] in female patients),
we recommend the use of enoxaparin over UFH, continued
up to 8 days (Class Ila, LOE B). The recommended dosing for
enoxaparin depends on the age: 30-mg I'V bolus followed by 1
mg/kg SC q12 h (maximum of 100 mg for the first two SC
doses) for <75 years; and no IV bolus, 0.75 mg/kg SC q12 h
(maximum of 75 mg for the first two SC doses) for age >75
years. Enoxaparin should be given before fibrinolytic admin-
istration. The continuation of enoxaparin therapy after dis-
charge has not be demonstrated to be beneficial [49], and for
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this reason enoxaparin regimen uses to be maintained during
hospitalization or until day 8 (whatever come first). Regardless
of age, if the CrCl is <30 mL/min the dosage of 1 mg/kg sub-
cutaneously every 24 h may be used.

For patients with STEMI undergoing PCI after receiving
fibrinolytic therapy with enoxaparin, if the last SC dose was
given within the prior 8 h, no additional enoxaparin should
be administered; if the last SC dose was given between 8 and
12 h earlier, enoxaparin 0.3 mg/kg IV should be adminis-
tered (Class I, LOE B) (Table 3.2). These recommendations
are based on the analysis of patients who underwent PCI in
the EXTRACT TIMI 25 trial [103] as well as on the
Enoxaparin as adjunctive antithrombin therapy for
ST-elevation myocardial infarction: results of the ENTIRE-
TIMI 23 trial [104]. This trial demonstrated that enoxaparin
was associated with similar TIMI 3 flow rates as UFH at an
early time point, with similar risk of major hemorrhage and
greater benefit over UFH regarding to ischemic events
through 30 days (P =0.005) [104].

Side Effects and Contraindications

Patients with contraindications to anticoagulant therapy such
as active bleeding, significant thrombocytopenia, recent neu-
rosurgery, ICH, or ocular surgery should not receive LMWH.
Patients with bleeding diathesis, brain metastases, recent
major trauma, endocarditis, and severe hypertension required
to be treated with particular caution. Less major bleeding
compared with UFH has been associated with enoxaparin in
acute venous thromboembolism. In the setting of ACS, nei-
ther UFH nor LMWH are associated with an increase in
major bleeding, but in ischemic stroke the both agents are
associated with an increase in major bleeding [105].
Hemorrhagic complications could occur due to LMWH, par-
ticularly in patients with renal dysfunction (who should
receive an adjusted dose of enoxaparin). To neutralize the
anti-Ila effect of LMWH, protamine sulfate may be adminis-
tered, although the degree of neutralization of the anti-Xa
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activity of LMWH is variable and uncertain. In patients with
documented or suspected HIT_ LMWH are not recommended
for use because they can induce it.

Direct Thrombin Inhibitors

The direct thrombin inhibitors (DTIs) bind to thrombin and
inhibit its capacity to transform fibrinogen to fibrin, to inten-
sify its own generation through activation of FV, FVIII, and
FIX, and to function as a potent platelet agonist [106].
Importantly, DTIs not only block free thrombin, but also
inhibit thrombin bound to fibrin in contrast to indirect
thrombin inhibitors [12, 107-109] (Fig. 3.3). These properties
are indeed important and provide a rationale for their clinical
use in the setting of ACS and PCI. The anticoagulant effect of
DTIs in healthy volunteers can be reversed by recombinant
factor Vlla, although the short half-life of these agents nor-
mally avoids the necessity for active reversal [110]. Three
DTT’s are approved for clinical use (lepirudin, argatroban,
and bivalirudin) and described below.

Hirudin (lepirudin)

Mechanism of Action and Pharmacokinetic/
Pharmacodynamic Profile

Hirudin is among the most potent of the natural thrombin
inhibitors. It is a 65-amino acid polypeptide located in the
salivary glands of the leech Hirudo medicinalis. Lepirudin is
a recombinant form of hirudin that irreversibly inhibits
thrombin [111]. Several biochemical and molecular biological
techniques have been used to study the specific nature of the
hirudin-thrombin interaction. The thrombin time (TT) and
the aPTT are the most frequently used measures for the anti-
coagulant activity of hirudin. Bleeding time is not signifi-
cantly altered by hirudin which does not have direct effects
on platelet aggregation or secretion.
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Indications

In UA/NSTEMI a single dose of UFH with a single dose of
hirudin were compared in both the TIMI-9 and the Global
Utilization of Strategies to Open Occluded Coronary Arteries
(GUSTO) II trials [57, 58]. Both trials used high doses of
hirudin (0.6 mg/kg bolus followed by 0.2 mg/kg/h) and
weight-adjusted heparin. An unacceptably high rate of ICH
in both treatment arms forced to terminate prematurely both
trials. Using lower doses of both hirudin (0.1 mg/kg bolus fol-
lowed by 0.1 mg/kg/h) and heparin (not weight adjusted),
both trials were continued as TIMI-9b [57] and GUSTO IIb
[59]. The TIMI-9b trial showed similar efficacy of heparin and
hirudin as adjunctive therapies for SK or t-PA in individuals
with acute Q-wave MI without differences in bleeding [57].
The GUSTO IIb trial showed a marginally significant benefit
of hirudin over heparin early after infarction in individuals
with both Q wave and non-Q-wave MI, which lessened over
time [59]. Additionally, results from the Organisation to
Assess Strategies for Ischemic Syndromes (OASIS-2) trial
showed that recombinant hirudin may be useful when com-
pared with heparin in preventing cardiovascular death, MI,
and refractory angina with an acceptable safety profile in
patients who have UA/NSTEMI and who receive aspirin
[112]. This study (n=10,141) randomized patients to receive
UFH or hirudin (0.4 mg/kg bolus, 0.15 mg/kg/h infusion) for
72 h. This study demonstrated a nonsignificant difference
between hirudin and UFH in the primary outcome of cardio-
vascular death or MI at 7 days: 3.6 % vs.4.2 % had experi-
enced cardiovascular death or new MI (P=0.077). However,
hirudin was associated with a significantly increased risk of
major, but not life-threatening, bleeding [112].

A pooled analysis of the OASIS, GUSTO (Global
Utilization of Streptokinase and Tissue Plasminogen Activator
for Occluded Arteries)-2B, and TIMI-9B trials showed superi-
ority of hirudin compared with UFH for the prevention of
death or MI at 30-35 days [112]. However, the only approved
clinical application for this agent is in the treatment of HIT
recombinant hirudin (lepirudin). Because of a reduced risk
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for new thromboembolic complications, lepirudin-treated
patients had consistently lower incidences of combined end-
points primarily when compared with historical controls [12].

Dosage

The dosage of IV hirudin is 0.15 mg/kg/h infusion with or
without 0.4 mg/kg initial bolus [113]. Monitoring is required
and it has a narrow therapeutic window. During treatment
with lepirudin, aPTT ratios of 1.5:2.5 produce optimal clinical
efficacy with a moderate risk for bleeding, aPTT ratios lower
than 1.5 are subtherapeutic, and aPTT levels greater than 2.5
are associated with high bleeding risk. The plasma half-life of
hirudins is 60 min following IV injection [114]. Renal clear-
ance is the predominant way of elimination of this drug.
Adjustment of dose of lepirudin is recommended for patients
with severe renal impairment (<30 ml/min) reducing the dose
by a factor of six compared with that given to patients with
normal renal function. Monitoring of aPTT should be neces-
sary to further adjust if it exceeds two times baseline. In
moderate (CrCl 31-60 ml/min) and mild renal impairment
(CrCl 61-90 ml/min) adjustment is not recommended ini-
tially but if peak aPTT exceeds two times baseline it is neces-
sary to reduce the dose by half [114].

Side Effects and Contraindications

In settings where anticoagulation is contraindicated hirudin
should not be used. In the setting of concomitant anticoagula-
tion or platelet inhibitors, the risk of bleeding with hirudin is
increased. In patients with renal dysfunction hirudin should
not be used (given that it is renally cleared). Antibody forma-
tion to hirudin can be induced for this agent in up to 40 % of
patients, presenting anaphylaxis after a re-exposure [113].
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Argatroban

Mechanism of Action and Pharmacokinetic/
Pharmacodynamic Profile

Argatroban or (2R,4R) 4-methyl-[N2-(3-methyl-1,2,3,4-
tetrahydro-8-quinolinyl) sulfonyl]-2-piperidine carboxylic
acid is a small-molecule with potent direct competitive
thrombin inhibiting effects [12]. This drug is a synthetic
N2-substituted arginine derivative that binds to the catalytic
site of thrombin with high affinity. Itbinds noncovalently and
rapidly to both clot-bound and soluble thrombin, forming in
that way a reversible complex [115, 116]. Argatroban is
metabolized via the cytochrome P450 3A4 pathway in the
liver with a half-life of 45 min. Rapid restoration of normal
hemostasis on cessation of therapy is allowed by the revers-
ible binding of the agent. Argatroban has a predictable dose
response that correlates with changes in anticoagulant
parameters.

Indications

The use of argatroban has been evaluated primarily as
adjunctive therapy with fibrinolytics, in the treatment of HIT,
or in patients undergoing PCI [40, 49]. At present there are
still limited data with argatroban and it is approved only for
use in HIT [117].

Dosages

Argatroban is administered in individuals with unstable
angina at a dose of 0.5-5.0 pg/kg/min for 4 h. Dose adjust-
ment with renal impairment is unnecessary, but in patients
with renal failure it should be used with caution [118].
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Side Effects and Contraindications

Argatroban should not be used in patients who have
contraindications to anticoagulant therapy. Argatroban
metabolism occurs in the liver. The maximum concentration
and half-life of argatroban are increased approximately two-
to threefold and clearance is one fourth in patients with
hepatic impairment compared with healthy volunteers.

Bivalirudin

Mechanism of Action and Pharmacokinetic/
Pharmacodynamic Profile

Bivalirudin is a 20-amino acid polypeptide and is a synthetic
version of hirudin [119]. Its amino-terminal D-Phe-Pro-Arg-
Pro domain, which interacts with active site of thrombin, is
linked via 4 Gly residues to adodecapeptide analogue of the
carboxy-terminal of hirudin (thrombinexosite) [120] (Fig. 3.3).
Bivalirudin forms a 1:1 stoichiometric complex with thrombin,
but once bound, the amino terminal of bivalirudin is cleaved
by thrombin, thereby restoring thrombin activity [121].

The half-life of bivalirudin is 25 min [122]. Its clearance is
mediated by proteolysis, hepatic metabolism, and renal
excretion [123]. Severe renal impairment prolongs the half-
life of bivalirudin, and dose adjustment is required for dialy-
sis [124]. Bivalirudin is not immunogenic, in contrast to
hirudin, although antibodies against hirudin can cross-react
with bivalirudin, the clinical consequences of which are
unknown [113].

Indications and Dosage

The use of bivalirudin is supported by wide clinical trial
experience. These include supstream treatment in patients
with UA/NSTEMI [125,126],across the spectrum of patients
of patients undergoing PCI, including patients with STEMI
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undergoing primary PCI as an alternative to UFH plus GPI
[127], in patients undergoing CABG [128], and in HIT
[129]. The recommended dose in PCI is a bolus of 0.75 mg/
kg followed by an infusion of 1.75 mg/kg/h for up to 4 h
after the procedure as clinically warranted. After cessation
of the 1.75 mg/kg/h infusion, a reduced infusion dose of
0.25 mg/kg/h may be continued for 4-12 h as clinically
necessary.

Evidence for Use: UA/NSTEMI

Bivalirudin and UFH were compared in the Randomized
Evaluation in Percutaneous Coronary Intervention Linking
Angiomax to Reduced Clinical Events 2(REPLACE-2)
study [130]. This trial (n=6,010) enrolled patients undergoing
urgent or elective PCI who were randomized to receive
bivalirudin with provisional GPI or UFH with planned GPIL
The study demonstrated the noninferiority of bivalirudin
compared to UFH plus GPI regarding ischemic end point
sand showed also a significant association with less major and
minor bleeding [130].

In the Acute Catheterization and Urgent Intervention
Triage Strategy (ACUITY) study, patients with UA/NSTEMI
(n=13,189) were randomized to one of three antithrombotic
regimens: UFH or enoxaparin plus GPI, bivalirudin plus GPI,
or bivalirudin alone [125]. Compared with UFH plus a GPI,
bivalirudin plus a GPI, was associated with noninferior
30-day rates of the composite ischemia end point (7.7 and
7.3 %, respectively), major bleeding (5.3 and 5.7 %), and the
net clinical outcome end point (11.8 and 11.7 %). Compared
with UFH plus a GPI, bivalirudin alone was associated with
a noninferior rate of the composite ischemia end point (7.8
and 7.3 %, respectively; P=0.32) and significantly reduced
rates of major bleeding (3.0 % vs. 5.7 %; P<0.001) and the
net clinical outcome end point (10.1 % vs. 11.7 %; P=0.02).
Essentially, compared with UFH bivalirudin in addition to
GPI presented similar rates of ischemia and bleeding, but
bivalirudin alone was also associated with significantly lower
rates of bleeding [125].
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However, the ACUITY trial presented some important
limitations that need to be addressed: first, not all patients
were pretreated with clopidogrel (and used inconsistent dos-
ing) and two thirds of them were already receiving some
anticoagulant before randomization and, with the resultant
variability among the treatments before and during the study.
Moreover the election of type of GPI and UFH/LMWH was
left at the discretion of physician. Lastly, the ACUITY trial
has been also criticized because of its quite liberal definition
of bleeding, particularly concerning the definition of major
bleeding [125].

The Intracoronary Stenting and Antithrombotic Regimen:
Rapid Early Action for Coronary Treatment 4 (ISAR REACT
4) trial [126] was a double-blind randomized trial which
design tried to overcome the aforementioned limitations of
the ACUITY trial. The same GPI (abciximab) was used and
all patients received a 600-mg-clopidogrel pretreatment. In
addition, less liberal definitions of major bleeding were con-
sidered (presence of intracranial, intraocular, or retroperito-
neal hemorrhage; a decrease in the hemoglobin level of>40
g/L plus either overt bleeding or the need for transfusion of 2
or more units of packed red cells or whole blood). Specifically,
the ISAR REACT 4 trial compared abciximab and heparin
versus bivalirudin in NSTEMI patients undergoing PCI
(n=1,721) showing that such regimen compared to bivaliru-
din increased the risk of bleeding in NSTEMI patients under-
going PCI (P=0.02) and failed to decrease the rate of ischemic
events (P=0.76) [126]. Current guidelines for UA/NSTEMI
recommend to omit administration of an IV GPI if bivalirudin
is selected as the anticoagulant and at least 300 mg of cvs. lopi-
dogrel was administered at least 6 h earlier than planned
catheterization or PCI (Class Ila, LOE B) [40, 65] (Table 3.1).

Evidence for Use: STEMI

In the Harmonizing Outcomes with Revascularization and
Stents in Acute Myocardial Infarctions (HORIZONS-AMI)
trial, [127] STEMI patients (n=3,602) who presented within
12 h after onset of symptoms were randomized to UFH plus
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GPI or to treatment with bivalirudin alone for primary PCI.
At 30 days, compared with UFH plus GPI, bivalirudin alone
demonstrated lower rates of death (P=0.047) and major
bleeding (P<0.001), leading to a significantly lower rate of
net adverse clinical events (P=0.005). The rates of cardiac
mortality (P=0.005) and all-cause mortality (P=0.037) were
significantly lower in the bivalirudin alone treatment group
after 1 year (p=0.001) [131] and 3 years (P=0.03) [132].
Regarding stent thrombosis (ST), the study found that within
the first 24 h ST occurred more commonly in patients on
bivalirudin compared with those assigned to heparin plus a
GPI [127]. Nevertheless, between 24 h and 1 year, ST was
more frequent in the heparin plus GPI group than in the
bivalirudin group (46 vs. 36 ST events, respectively). Thus, at
the end of the 1-year follow-up, the rate of ST was similar in
the two groups (3.1 % vs. 3.5 %, respectively, P =0.53) [131].
However, the hazard ratio for death within the first month
was greater after major bleeding than after reinfarction or ST
[127]. In a post-hoc analysis, mortality and major bleeding
were shown to be significantly higher after in-hospital ST
compared with out-of-hospital ST (p<0.01 for both events).
Randomization to UFH plus GPI (vs. bivalirudin) was addi-
tionally correlated with increased mortality after ST [133].

Another post-hoc analysis of this study [134] showed that
600-mg-clopidogrel loading dose compared with 300 mg had
significantly lower 30-day unadjusted rates of definite or
probable ST (1.7 % vs. 2.8 %, p=0.04), as well as lower mor-
tality (p=0.03) and reinfarction (p=0.02), and, without higher
bleeding rates. Bivalirudin monotherapy resulted in similar
reductions in net adverse cardiac event rates with both doses
(p-interaction=0.41). However, a 600-mg-clopidogrel loading
dose was an independent predictor of lower rates of 30-day
major adverse cardiac events (p=0.04) [134].

In the setting of STEMI, current guidelines recommended
bivalirudin over UFH and a GPI, restricting the use of GPI
to bailout (Class I, LOE B) [49, 50]. In patients at high risk
of bleeding the American guidelines recommended bivaliru-
din preferred over UFH with GPI (Class Ila, LOE B) [49]
(Table 3.2).
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Factor Xa Inhibitors
Fondaparinux

Mechanism of Action and Pharmacokinetic/
Pharmacodynamic Profile

Fondaparinux is a selective indirect FXa inhibitor. This
compound, with a molecular weight of 1,728 Da, is a synthetic
analog of the unique AT-binding pentasaccharide sequence
found in UFH. It binds reversibly to AT and provokes an
irreversible conformational change at the reactive site of AT
that increases its reactivity with FXa [135]. Fondaparinux is
available to activate additional AT molecules after being
released from AT, but it does not increase the rate of throm-
bin inhibition by AT because it is too short to bridge AT to
thrombin. Fondaparinux does not have any inhibitory action
against thrombin that is already formed, even though it inhib-
its FXa-dependent thrombin generation [113]. After SC
injection the bioavailability is 100 % [136, 137]. The elimina-
tion half-life is 17 h with primary renal clearance. Fondaparinux
is contraindicated in patients with severe renal impairment
[40, 113, 138]. The anticoagulant response of fondaparinux is
predictable and its PK profile is linear when it is given in SC
doses of 2-8 mg or in IV doses ranging from 2 to 20 mg that
result in anti-Xa activity that is roughly 7 times that of
LMWHs [136, 137]. Its minimal nonspecific binding to plasma
proteins it is likely to be the reason of its excellent bioavail-
ability and predictable anticoagulant response [139].

Even if monitoring is not required, the anticoagulant
effect of fondaparinux can be measured in anti-FXa units.
Fondaparinux does not affect other parameters of antico-
agulation, including aPTT, activated clotting time, or pro-
thromb in time [138] and does not induce the formation of
UFH:platelet factor-4 complexes and does not cross-react
with HIT antibodies. Therefore, it is unlikely that induces
HIT [140]. Not with Standing fondaparinux is not labeled for
treatment of HIT, it has been used successfully to treat HIT
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patients [141, 142].1t is unlikely that fondaparinux induces
osteoporosis because it has no effect on osteoblasts [143]. In
pregnancy, fondaparinux has not been studied enough, but it
does not seem to cross the placental barrier [144].

Dosing, Monitoring, Reversal

Fondaparinux 2.5 mg daily was shown to have the best effi-
cacy/safety profile when compared with 4-, 8-, and 12-mg
doses of fondaparinux and with enoxaparin 1 mg/kg b.i.d
based on a dose-ranging study of fondaparinux versus
enoxaparin in the setting of UA/NSTEMI involving 1,147
patients [145].

There are no data about coagulation monitoring as part of
the clinical development of this drug, but currently it is not
recommended. Also in patients with severe renal impairment
(CrCl <30 mL/min), fondaparinux has not been adequately
studied. However, it is established that in patients with mod-
erate renal impairment (30-50 mL/min) fondaparinux dose
should be reduced in half or low-dose heparin should be used
in place of fondaparinux [113].To assess the anticoagulant
effect of fondaparinux it is possible to measure anti-Xa levels,
but the standard therapeutic level is unknown. It is important
to highlight that protamine is not able to reverse the antico-
agulant effect of fondaparinux. Recombinant factor VIIa may
be given to achieve the reversal of the anticoagulant effect of
fondaparinux if life-threatening bleeding takes place due to
this agent [146].

Indications

Evidence for Use: UA/NSTEMI

The large-scale OASIS-5 trial (n=20,078) evaluated the
efficacy and safety of fondaparinux (2.5 mg SC daily)
compared with enoxaparin (1 mg/kg SC b.i.d) in patients
with UA/NSTEMI [147]. Fondaparinux demonstrated to
be noninferior vs. enoxaparin in the primary outcome of
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combined death, MI, or refractory ischemia at 9 days was
achieved (P=0.007), with less incidence of major bleeding
(P<0.001). Fondaparinux showed a superior net clinical
benefit (composite of death, MI refractory ischemia, or
major bleeding) compared with enoxaparin (P<0.001).
Compared with enoxaparin, fondaparinux also demon-
strated significantly a reduction in mortality at 6 months
(P=0.05). Nevertheless, more catheter-related thrombus
formation occurred with fondaparinux in the group of
patients who underwent PCI (P <0.001), showing that anti-
coagulation with fondaparinux alone is not enough for PCI,
therefore another anticoagulant with FIIa activity (such as
UFH) must be coadministered [147].

The main disadvantage of fondaparinux in this trial was the
excess of catheter thrombosis seen in patients undergoing PCI
(0.9 % vs. 0.4 % with enoxaparin), which has limited the wide-
spread use of the drug in this setting. For that reason the
OASIS investigators conducted The Fondaparinux Trial With
UFH During Revascularization in ACS (FUTURA/OASIS-8)
trial (n=2,026) in order to evaluate the safety of 2 dose regi-
mens of adjunctive IV UFH during PCI in high-risk patients
with NSTEMI initially treated with fondaparinux [148].
Patients received either low-dose UFH (50 U/kg, regardless of
use of GPI) or standard-dose UFH (85 U/kg or 60 U/kg with
GPI), adjusted by activated clotting time. In terms of prevent-
ing peri-PCI major bleeding or major vascular access-site com-
plications, low fixed-dose of UFH was not superior to standard
ACT-guided UFH. Thrombotic events were not significantly
different between the treatment groups (P=0.27). Catheter
thrombosis rates were very low (0.5 % in the low-dose group
and 0.1 % in the standard-dose group, P=0.15) [148].

Based on the above, current guidelines recommended 2.5
mg SC once daily as having the most favorable efficacy-safety
profile with respect to anticoagulation (Class I, LOE A),
avoiding its use for CrCl <30 mL/min. During PCI, at pres-
ent2012 American guidelines recommend an additional 50-60
IU/kg IV bolus of UFH [40] while European guidelines rec-
ommend a 85 IU/kg IV bolus of UFH (adapted to ACT) or
60 IU in the case of concomitant use of GPI (Class I, LOE B)
[41] (Table 3.1).
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Evidence for Use: STEMI

In the OASIS-6 trial (n=12,092), fondaparinux was evaluated
as an alternative to standard adjunctive anticoagulation in
patients with STEMI [149]. Patients received 2.5 mg SC daily
for 8 day and it was compared with either no UFH (stratum
I) or UFH infusion (stratum II) for 48 h. In approximately
25 % of patients primary PCI was performed. Approximately
half the patients received fibrinolytic therapy, of whom 73 %
received SK. In patients who received fondaparinux, the pri-
mary outcome of 30-day death or MI was significantly
reduced (P=0.008), although this was driven by patients in
stratum I only. No significant benefit with fondaparinux was
found in patients who underwent primary PCI or who were
in stratum IL. It is important to highlight that, compared with
UFH, patients who underwent primary PCI with fondaparinux
presented more catheter-related thrombi (P<0.001), more
coronary complications (P=0.04), and a trend toward higher
death or MI compared with UFH (P=0.19).

Importantly, although European guidelines recommend
using of fondaparinux in ACS [50], in the United States
fondaparinux is not currently approved for such use by the
FDA, as it is reflected in the current ACC guidelines for
STEMI [49], because of the risk of catheter thrombosis (Class
III, LOE: B) (Table 3.2).

As adjunctive antithrombotic therapy to support reperfu-
sion with fibrinolytic therapy an initial IV dose of 2.5 mg of
fondaparinux is recommended, and then 2.5 mg subcutane-
ously daily starting the following day for the index hospital-
ization up to 8 days or until revascularization. Fondaparinux
is contraindicated if CrCl <30 mL/min [49] (Table 3.2).

Otamixaban

Otamixaban is a specific direct parenteral small molecule
that inhibits clot-bound FXa which is inaccessible to large
molecule or indirect inhibitors agent. Otamixaban is not still
under advanced clinical investigation and not approved for
clinical use. However, this agent has shown thus far promis-
ing results. Otamixaban has a very favorable PK/PD profile:
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short acting (half-life30 min), weight based bolus (vs.
infusion), no need for monitoring and no significant renal
elimination (<25 %), but no antidote to otamixaban has
been described [150].

In the Randomized, double-blind, dose-ranging study of
otamixaban, a novel, parenteral, short-acting direct factor Xa
inhibitor, in percutaneous coronary intervention (the SEPIA-
PCI trial) [151], 947 patients were randomly assigned to
either 1 of 5 weight-adjusted otamixaban regimens or weight-
adjusted UFH before PCI. The study showed that otamixa-
ban reduced the median change in prothrombin fragments
1+2 (F1+2) significantly more than UFH at the highest dose
regimen (P=0.008), without significant difference in the inci-
dence of TIMI bleeding compared with UFH [151]. Posteriorly,
another phase II study: the Otamixaban for the treatment of
patients with non-ST-elevation acute coronary syndromes
(SEPIA-ACS1 TIMI 42) trial (n=3,241) assessed the dose
response on death, M1, urgent revascularization or bail-out in
patients with NSTE-ACS with encouraging results about
safety and efficacy, concluding that otamixaban 0.105-014
mg/kg/h appeared to be best range for further study as a
replacement of UFH and GPI [152]. The ongoing phase III
Treatment of Acute coronary syndromes with Otamixaban
(TAO) trial (n=13,240) is evaluating the efficacy of otamixa-
ban vs. UFH with and without eptifibatide on reduction of
death or MI in patients with NSTE-ACS [153].

Oral Anticoagulant Therapy in ACS

The main reasons of the necessity of long term anticoagula-
tion in ACS patients is the coexistence of another indica-
tion for anticoagulant therapy, such as atrial fibrillation
(AF), left ventricular thrombus, advanced heart failure,
deep venous thrombosis, prosthetic heart valves, or history
of pulmonary embolism. The main risk in these patients
remains the concomitant use of antiplatelet therapy and
the consequent high risk of bleeding. Although, in the ACS
population a considerable reduction in cardiovascular events
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is obtained with long-term dual antiplatelet therapy (DAPT)
using aspirin and a P2Y,, platelet receptor, [154] the risk
of a recurrent vascular event within 12 months is still high
and underscores the necessity of better secondary preven-
tion strategies. Given that levels of thrombin generation
persist elevated in ACS patients [155], and given the role of
thrombin on arterial thrombogenesis, long-term use of oral
anticoagulant strategies have been considered for secondary
prevention of coronary events. Initially, vitamin K antago-
nists (VKAs) have been studied, mostly in combination
with aspirin. However, despite the proven efficacy of this
strategy, bleeding rates were high. The development of novel
oral anticoagulants (NOACs) characterized by a better
safety profile compared with VKAs have led to reconsider
long-term oral anticoagulant therapy in adjunct to standard
of care antiplatelet therapy, including mostly DAPT with
aspirin and clopidogrel, also known as “triple therapy”. The
role of oral anticoagulant therapy for secondary prevention
of ischemic events is described below.

Vitamin K Antagonists

VKAs, warfarin and coumarin derivatives, have demon-
strated to reduce the risk of recurrent ischemic events both in
monotherapy and in combination with aspirin [156]. In the
Warfarin-Aspirin Re-Infarction Study (WARIS II) study, in
combination with aspirin or given alone, warfarin was supe-
rior to aspirin alone in reducing the incidence of composite
events after an acute MI but was associated with a higher risk
of bleeding [156]. In this study, the combination therapy tar-
geted an international normalized ratio (INR) of 2-2.5 and
the warfarin alone group had a target INR of 2.8-4.2. No
reduction in the combined risk of cardiovascular death, rein-
farction, or stroke was demonstrated using a fixed, low dose
of warfarin added to aspirin in the long term after MI, but this
combination reduced the risk of stroke (secondary endpoint).
An increased risk of bleeding was also associated to the
concomitant administration of aspirin and warfarin [157].
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These bleeding rates are even higher in patients who are on
DAPT with aspirin and clopidogrel, as have been studied
mostly in patients with AF undergoing PCI [158-160], the
details of which going beyond the scope of this chapter which
is focused on the role of anticoagulants for secondary preven-
tion of ischemic recurrences in ACS.

Currently available data based on around 20,000 patients
from randomized clinical trials show that oral anticoagulant
therapy (given in adequate doses) reduce the rates of re-
infarction and thromboembolic stroke, but increasing signifi-
cantly the rates of hemorrhagic events [161]. Nevertheless,
even in controlled trials the use of warfarin, presents several
difficulties. For example, in the WARIS II study the INR was
below target in about one third of patients, and those over 75
years of age were excluded [161].

Novel Oral Anticoagulants for Secondary
Prevention

Several classes of NOACs have been developed. These agents
have been primarily studied in patients with AF [162-164]
and characterized by more favorable safety profile, particu-
larly a lower risk of ICH, with comparable or better efficacy
compared with VKAs. These agents also have the advantage
of less drug-drug and food-drug interactions and that they
can be administered in fixed doses without routine coagula-
tion monitoring.

There are some aspects that should be considered for the
periprocedural management of NOACs, compared with war-
farin, such as their shorter half-life or the fact that the onset
of their effects is within 2 h, provided that intestinal absorp-
tion is normal. Table 3.3 summarizes the recommendations
for NOACGC: in patients undergoing elective PCI. The current
status of knowledge of NOAC:s for secondary prevention of
ischemic events in ACS is described below.
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TaBLE 3.3 Elective PCI recommendations

Renal function Half life Timing of Procedure
(CrCl mL/min) (hours) after last dose of NOAC
Dabigatran
>50 mL/min 15 (12-34) 24 h
>30 to <50 mL/min 18 (13-13) 2 days
>30 mL/min 27 (22-35) 4 days
Rivaroxaban
>30 mL/min 12 (11-13) 24h
<30 mL/min Unknown 2 days
Apixaban
>50 mL/min 7-8 24h
<30 to <50 mL/min 17-18 2 days

Adapted from: Stangier et al. [165]; Schulman et al. [166]; Spyropoulos
et al. [167]

Oral Direct Thrombin Inhibitors

Ximelagatran

The Efficacy and Safety of the Oral Direct Thrombin
Inhibitor Ximelagatran in Patients with Recent Myocardial
Damage (ESTEEM) trial for the secondary prevention of
ACS showed a 24 % relative reduction with ximelagatran
plus aspirin treatment for 6 months in the risk of the primary
composite end point of death, nonfatal MI, and severe recur-
rent ischemia versus aspirin alone, although this occurred at
the expense of an increased risk of bleeding [168].
Ximelagatran was retrieved from the market due to safety
concerns (hepatic toxicity), but did provide encouraging
results for other NOAC:s to be tested for secondary prevention
in ACS.
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Dabigatran Etexilate

Dabigatran etexilate binds reversibly and directly to the
catalytic site of thrombin. It is a synthetic low molecular
weight eptidomimetic generated as a prodrug which imme-
diately after absorption is biotranformed by an esterase-
mediated hydrolysis to the active compound dabigatran
[169-171] Table 3.4 summarizes the principal pharmacologic
characteristics of dabigatran etexilate compared with the new
FXa inhibitors [173].

The Dose Finding Study for Dabigatran Etexilate in
Patients With Acute Coronary Syndrome (RE-DEEM) trial
(n=1,861) was a phase II study that showed a dose-dependent
increase in clinically relevant bleeding events, with highest
rates with dose regimens currently used in AF (110 mg and
150 mg b.i.d.) [174]. Despite higher dabigatran doses com-
pared with lower doses and placebo group seemed to have
some benefit, it was impossible to demonstrate an efficacy
difference in cardiovascular death, nonfatal MI or nonhemor-
rhagic stroke because the lack of enough statistical power of
the trial [174]. Phase III clinical testing of dabigatran in ACS
has not been pursued.

Oral Direct Factor Xa Inhibitors

Rivaroxaban, apixaban and darexaban are the three oral
direct FXa inhibitors that have been most studied over recent
years. Table 3.4 summarize the principal pharmacologic char-
acteristics and dosages of these drugs compared with dabiga-
tran [173, 175].

Darexaban (YM150)

The safety, tolerability, and regimen of darexaban for the
prevention of ischemic events in ACS were evaluated in The
Study Evaluating Safety, Tolerability and Efficacy of YM150
in Subjects With Acute Coronary Syndromes (RUBY-1) trial
[176]. The study did not find benefits regarding an addition of
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efficacy to DAPT in this setting, but showed an expected
dose-related 2- to 4-fold increase in bleeding versus placebo
as the only safety concern [176]. Darexaban development has
been discontinued.

Apixaban

The phase II Apixaban for Prevention of Acute Ischemic and
Safety Events (APPRAISE) trial found a dose-dependent
interaction increased risk of bleeding complications with
apixaban 2.5 mg b.i.d. and 10 mg q.d. Although apixaban was
associated with a numerically lower incidence of cardiovascu-
lar death, M1, severe recurrent ischemia, or ischemic stroke it
was not statistically significant [177]. APPRAISE-2 trial
(n=7,392) failed also to find similar benefits of adding a high
dose of apixaban (5 mg b.i.d) to single or DAPT in a very-
high-risk ACS population [178]. A greater number of intra-
cranial and fatal bleeding events happened with apixaban
than with placebo, without a significant reduction in recur-
rent ischemic events. Because of the wide Cls allow for either
benefit or harm, the overall efficacy/safety balance of apixa-
ban is still unknown.

Rivaroxaban

The Rivaroxaban in Combination With Aspirin Alone or
With Aspirin and a thienopyridine in Patients With Acute
Coronary Syndromes-TIMI 46 (ATLAS ACS-TIMI 46) trial
[179], demonstrated either in patients receiving aspirin alone
and in patients receiving DAPT, a rivaroxaban dose-
dependent increased risk of clinically significant bleeding
complications. However, the lower doses were associated
with lowest bleeding risk and accompanied by an ischemic
benefit. This set the basis for developing the phase III
ATLAS ACS-2-TIMI 51 (ATLAS-2) trial (n=15,526) dem-
onstrated that both rivaroxaban regimens (2.5-mg and 5-mg
b.i.d.) compared with placebo significantly reduced the pri-
mary efficacy composite of cardiovascular death, MI, or
stroke (p<0.008) [180, 181]. The 2.5-mg (but not 5-mg b.i.d.),
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reduced cardiovascular and all-cause mortality. The 5 mg
b.i.d. (but not 2.5-mg b.i.d.) reduced MI. Both dosages of
rivaroxaban reduced significantly the risk of ST, as compared
with placebo (P=0.02), while the 2.5-mg b.i.d dose showed a
nonsignificant but directionally consistent benefit for MI. The
rates of non-CABG-related TIMI major bleeding and ICH
with both doses were significantly increased, without a sig-
nificant increase in fatal bleeding (P=0.66) [180, 181].

Current ESC Guidelines for the management of STEMI
recommended considering the use of low-dose rivaroxaban
(2.5 mg b.i.d) in selected patients who receive aspirin and
clopidogrel, if the patient is at low bleeding risk (Class of
recommendation IIb, LOE B) [50]. Rivaroxaban however is
still not approved for clinical use in the United States.

Anticoagulants Under Clinical Development

Aptamers are small oligonucleotides that form unique
sequence-dependent three-dimensional structures [182, 183]
and can be developed to inhibit specific protein targets with
high affinity and used as active drugs. Aptamers provide the
code for their own complement (reversal agent), which can
be developed and used to inhibit their function [183-185].
Reversal of aptamer activity can be titrated to the patient’s
clinical condition given that the degree of reversal is directly
related to the molar ratio of administered components. The
REG1 anticoagulation system is a novel, aptamer-based,
FIXa inhibitor that is being described for use in patients
undergoing PCI. This system consists of pegnivacogin, a
single-stranded RNA factor IXa inhibitor, and its comple-
mentary reversal agent, anivamersen, which binds to and
inactivates pegnivacogin with rapid kinetics [186]. Phase I
[185-188] and phase 11 [189] studies investigated REG1 with
encouraging results. Recently, the RADAR (A Randomized,
Partially Blinded, Multicenter, Active-Controlled, Dose-
Ranging Study Assessing the Safety, Efficacy, and
Pharmacodynamics of the REG1 Anticoagulation System in
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Patients with ACS) trial [190, 191] showed that at least 50 %
anivamersen-mediated reversal of pegnivacogin was neces-
sary to effectively diminish bleeding after early femoral
sheath removal in invasively managed patients with ACS. To
determine the safety and efficacy of REG1 more powered
randomized clinical trials are needed. A large scale phase 111
clinical trial is currently planned.

Thrombin generation is also decreased by drugs that tar-
get coagulation proteases that drive the propagation phase.
Coagulation proteases modulate inflammation by activating
protease activated receptors (PARs), and by binding to other
cell surface receptors, such as Thrombomodulin (TM) and
endothelial protein C receptor (EPCR) [192, 193]. PAR-2
does not bind thrombin, but the tissue factor (TF)/FVIla
complex and FXa can activate this receptor [194]. Activation
of PARs by the various coagulation proteases results in the
upregulation of genes involved in inflammation, including
interleukin (IL)-8 and tumour necrosis factor (TNF)-a. TF/
FVIla-induced signaling events can modulate cell fate and
behaviour, rendering cells and tissues proliferative, pro-
migratory, and resistant to apoptosis. Based on these findings,
PAR inhibitors are under development and PAR-1-targeting
drugs have undergone phase III clinical trial evaluation [195,
196]. In addition to the role of PARs in inflammation, addi-
tional cross-talk occurs at the level of FXa. This concept is
highlighted by the recent demonstration that lufaxin, a FXa
inhibitor from the salivary glands of blood-sucking arthro-
pods, not only inhibits thrombosis in mice, but also attenuates
oedema formation triggered by FXa injection into their paws
[197]. Other anticoagulant therapies in development that
block target coagulationproteases that drive the propagation
phase, such as FVIIIa (TB-402), or jointly FVa/FVIIla, cofac-
tors that are critical for the generation of thrombin (drotre-
cogin, which is a recombinant form of human activated
protein C and recomodulin and solulin, both of which are
recombinant soluble derivatives of human thrombomodulin).
Inhibitors toward the TF/FVIIa complex, such as recombi-
nant TFPI (tifacogin), recombinant nematode anticoagulant
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protein (NAP)C2, active site-inhibited recombinant (r)
FVIla inhibitors (rFVIIal) and monoclonal antibodies
against TFT have been developed to target the initiation of
coagulation [107] (Fig. 3.4).

Conclusions

During the last decade antithrombotic treatment of ACS has
changed very rapidly, particularly due to the development of
new antiplatelet and anticoagulant agents. The coagulation
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FiGure 3.4 Targets of Novel Anticoagulants. Compared with the
indirect thrombin inhibitors (such as the heparins), direct thrombin
inhibitors (DTIs) bind directly to thrombin and prevent fibrin for-
mation as well as thrombin-mediated activation of factor (F) V,
FVIII, FXI, and FXIII. Hirudin, bivalirudin, and argatroban are the
available parenteral DTIs. Oral DTIs including ximelagatran (with-
drawn from development), AZD0837 (under evaluation), and dabi-
gatran etexilate, are prodrugs that generate an active compound
able to bind directly to the catalytic site of thrombin. Other agents
block target coagulation proteases that drive the propagation phase:
FIXa (DNA aptamer pegnivacogin), FVIIIa (TB-402), or jointly
FVa/FVlIlla, cofactors for the generation of thrombin (drotrecogin,
recomodulin and solulin). Inhibitors toward the tissue factor/FVIIa
complex, such as recombinant TFPI (tifacogin), recombinant nema-
tode anticoagulant protein (NAP)C2, active site-inhibited recombi-
nant (r) FVIIa inhibitors (rFVIIal) and monoclonal antibodies
against TFT have been developed to target the initiation of coagula-
tion (Reproduced from De Caterina et al. [172])

<

cascade offers numerous potential targets of treatment that
allow interfering in many processes of haemostasis and
thrombosis. Currently, there are a plethora of new parenteral
and oral anticoagulants that are being developed and incor-
porated into clinical practice in the setting of ACS. Many of
these are preferred over older treatment regimens because of
their more favorable safety profile. However, others still
require to be refined and ongoing clinical trials will provide
more insights on the safety and efficacy of these strategies.
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Parenteral or subcutaneous anticoagulants are effective
for reducing cardiovascular events during acute phase of
acute coronary syndrome and recommended for all ACS
patients without contraindications [1-6]. Anticoagulant
options during the acute treatment phase of ACS include
unfractionated heparin, low molecular weight heparin,
fondaparinux, and bivalirudin. These agents are recom-
mended to be used together with dual anti-platelet therapy
during the index ACS hospitalization before and during inva-
sive procedures such as angiography, percutaneous coronary
intervention (PCI), and coronary artery bypass grafting
(CABG). While treatment with low molecular weight hepa-
rins including enoxaparin and dalteparin for up to a few
months after ACS has been studied in previous trials, logisti-
cal and cost considerations have limited the use of these
anticoagulants in the post-discharge setting [7-9].

Warfarin, an oral anticoagulant, has been evaluated for
long term secondary prevention of ACS during the past two
decades. Long term anticoagulation with warfarin plus aspi-
rin was more effective for reduction of cardiovascular events
than aspirin alone in secondary prevention of ACS, but did
not reduce mortality [10]. However, long term anticoagula-
tion with warfarin, in conjunction with aspirin, was associated
with a significant increased risk of bleeding. “Triple therapy”
with warfarin and dual antiplatelet therapy (aspirin + clopido-
grel) is associated with an even higher bleeding risk than
warfarin + aspirin, but this combination of medications has
not been evaluated in a large enough trial to determine if
there is an efficacy advantage that could counterbalance the
high bleeding risk [11]. Consequently, routine anticoagulation
with warfarin after ACS, in addition to dual anti-platelet
therapy, is not recommended.

Long term treatment with warfarin is only recommended
for ACS patients who have indications for long term antico-
agulation such as atrial fibrillation with at least a moderately
high thromboembolic risk, presence of a mechanical valve
prosthesis, or a concomitant venous thrombotic disorder such
as a deep venous thrombosis [1-0].
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The introduction of new, potent P2Y , inhibitors, prasugrel
and ticagrelor, in the last 5 years has further established the
role of dual anti-platelet therapy for the secondary preven-
tion of ACS as both of these agents have been shown to be
superior compared with aspirin and clopidogrel [12]. Current
practice guidelines endorse both prasugrel and ticagrelor, in
combination with aspirin, for the secondary prevention of
high risk ACS patients [2-6].

Novel Oral Anti-coagulants for the Treatment
of Patients with Recent ACS

There are two classes of new oral anticoagulants; direct factor
Xa inhibitors and direct thrombin inhibitors. New oral antico-
agulants have more predictable pharmacokinetic and phar-
macodynamic characteristics than warfarin that facilitates
their use without routine monitoring of anticoagulation
activities at fixed doses. While these novel oral anticoagulants
have shown superior efficacy and safety profiles in compari-
son with warfarin for patients with atrial fibrillation [13-15],
the results with these agents for the secondary prevention of
ACS have been more variable. Although the new parenteral
direct factor Xa inhibitor otamixaban was evaluated for
acute phase of treatment of ACS [16] in a dose-finding study
and is currently being evaluated in a large phase III trial,
otamixaban will not be discussed in this manuscript since it is
a parenteral anticoagulant.

Direct Thrombin Inhibitors

Ximelagatran

In the ‘efficacy and safety of the oral direct thrombin inhibi-
tor ximelagatran in patients with recent myocardial damage
(ESTEEM)’ trial [17], ximelagatran was with background
aspirin therapy was evaluated in medically treated ACS
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patients within 14 days of initial presentation. Ximelagatran
significantly reduced the risk of the primary efficacy compos-
ite end point of death, myocardial infarction and recurrent
severe ischemia compared with placebo (12.7 % vs. 16.3 %,
hazard ratio [HR] 0.76; 95 % confidence interval [CI] 0.59-
0.98, p=0.036). There was no dose response relationship
among ximelagatran dosing groups regarding cardiovascular
event reduction and there was no significant increase in
major bleeding in the ximelagatran groups (1.8 % vs. 0.9 %,
HR 1.97, 95 % CI 0.80-4.84). Despite these intriguing find-
ings in this dose-ranging trial, ximelagatran was development
was halted due to liver toxicity.

Dabigatran

Dabigatran is a pro-drug which has direct thrombin inhibitor
activity with a serum half-life of 12-17 h and is excreted renally.
The phase II Dose Finding Study for Dabigatran Etexilate in
Patients with Acute Coronary Syndrome (REDEEM) trial
evaluated the safety of dabigatran in stabilized 1,861 ACS
patients who were enrolled within 14 days after index ACS
event and treated with dual antiplatelet therapy. Dabigatran
was associated with a dose-dependent increase in the primary
safety endpoint of ISTH major or clinically relevant minor
bleeding during the 6 month treatment period [18]. There
was a dose-dependent increase of bleeding with dabigatran
(twice daily at dose of 50 mg: 3.5 %, 75 mg: 4.3 %, 110 mg:
7.9 %, and 150 mg: 7.8 % vs. placebo: 2.2 %, p<0.001 for
trend among dabigatran groups) during 6 months follow
up. However there was no significant difference in the com-
posite efficacy endpoint of cardiovascular death, non-fatal
myocardial infarction, or non-haemorrhagic stroke between
groups (dabigatran 50 mg: 4.6 %,75 mg: 4.9 %, 110 mg: 3.0 %,
150 mg: 3.5 % vs. placebo: 3.8 %). However the two high dose
groups (110, 150 mg) showed numerically lower event rates
compared with the two low dose groups. All dabigatran doses
were associated with significant further decreases of D-dimer
level without dose-response relationship during first 4 weeks
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after treatment compared with placebo. Based upon these
findings, further development of dabigatran for an ACS indi-
cation has not been pursued.

Direct Factor Xa Inhibitors

Darexaban

Darexaban is a direct factor Xa inhibitor with a terminal half-
life of 14-18 h and equally gut and renal excretion. A ran-
domized, double-blind, placebo-controlled trial of the safety
and tolerability of the novel oral factor Xa inhibitor darexa-
ban following acute coronary syndrome (RUBY-1) trial
evaluated the safety of darexaban for secondary prevention
of 1,279 high risk ACS patients who were enrolled within 7
days after index event and treated with dual antiplatelet
therapy [19]. There was a dose-dependent increase of ISTH
major and clinically relevant non-major bleeding event rates
in the combined darexaban groups vs. placebo (pooled HR
2.275;95 % CI1.13-4.60, P=0.022) (P=0.009 for trend across
darexaban dosing groups). The rate of all cause death, nonfa-
tal myocardial infarction, nonfatal stroke, and severe
recurrent ischemia was similar between the pooled darexa-
ban groups vs. placebo (darexaban: 6.5 % vs. placebo: 5.2 %).
Given these findings, darexaban has not been developed
further for an ACS indication.

Apixaban

Apixaban is a direct factor Xa inhibitor with half-life of 12 h
and predominantly eliminated by non-renal mechanisms.
Apixaban for Prevention of Acute Ischemic and Safety
Events (APPRAISE-1) trial was a phase II trial, which evalu-
ated apixaban in stabilized recent ACS patients within 7 days
with at least one risk factor for recurrent ischemic event [20].
There was a dose dependent increase of bleeding risk across
the 4 dosing regimens of apixaban and the two higher dose
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groups with 10 mg twice daily or 20 mg once daily were dis-
continued prematurely because of excessive total bleeding.
Apixaban 2.5 mg twice daily (HR 1.78; 95 % CI 0.91-3.48,
P=0.09) and 10 mg once daily (HR 2.45;95 % CI 1.31-4.61,
P=0.005) also resulted in an increased risk of ISTH major or
clinically relevant non-major bleeding. The increase in bleed-
ing with the higher 2 doses of apixaban was more evident in
patients taking clopidogrel. The two dosing groups, Apixaban
2.5 mg twice daily (HR 0.73;95 % CI 0.44-1.19,P=0.21) and
10 mg once daily (HR 0.61; 95 % CI 0.35-1.04, P=0.07),were
both associated with lower rates of the composite ischemic
endpoint of cardiovascular death, myocardial infarction,
severe recurrent ischemia, or ischemic stroke compared with
placebo. These promising results led to a large, phase III trial
for the ACS indication.

The efficacy of apixaban for the secondary prevention of
ACS was evaluated in 7,392 stabilized recent, high risk ACS
patients with 2 or more risk factors in the APPRAISE-2 trial
[21]. This trial was terminated prematurely because of exces-
sive increase in major bleeding events with apixaban, includ-
ing a higher risk for intracranial hemorrhage. During an
average follow-up period of 8 months, apixaban did not
reduce the primary outcome of cardiovascular death,
myocardial infarction, or ischemic stroke (apixaban: 7.5 % vs.
placebo: 7.9 %, HR 0.95; 95 % CI 0.80-1.11, P=0.51).
Additionally, the risk of Thrombolysis in Myocardial
Infarction (TIMI) major bleeding was more common in the
apixaban group (1.3 %) compared with the placebo group
(0.5 %, HR 2.59;95 % CI 1.50-4.46, P=0.001).

Rivaroxaban

Rivaroxaban is a direct factor Xa inhibitor with half-life of
5-7 h and eliminated by renal and gut excretion. In the phase
IT ‘Anti-Xa Therapy to Lower cardiovascular events in addi-
tion to Aspirin with or without thienopyridine therapy in
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Subjects with Acute Coronary Syndrome-Thrombolysis In
Myocardial Infarction 46 (ATLASACS-1)’ trial [22], rivaroxa-
ban was evaluated in 3,491 stabilized recent ACS patients. The
combined rivaroxaban dosing groups demonstrated a non-
significant increase in the risk of the primary safety endpoint
compared with placebo (composite of TIMI major, minor or
requiring medical attention: 7.0 % vs. 5.6 %: p=0.10). There
were dose dependent increases of bleeding (p<0.0001 for
trend) with rivaroxaban treatment both with aspirin and aspi-
rin+clopidogrel. An unexpected finding was that a reduced
risk of the efficacy endpoint was demonstrated in the com-
bined rivaroxaban groups (composite of death, myocardial
infarction, or stroke: 3.9 % vs. 5.5 %: p=0.027). Additionally,
a significant reduction in the net clinical benefit (composite of
death, myocardial infarction, stroke, severe recurrent isch-
emia requiring revascularisation, TIMI major bleeding, or
TIMI minor bleeding) was demonstrated with rivaroxaban
compared with placebo only in patients treated with aspirin
monotherapy (HR 0.56; 95 % CI 0.35-0.88), but not in the
entire cohort (HR 0.99;95 % CI0.76-1.29) and not in patients
treated with dual antiplatelet therapy (HR 1.29; 95 % CI
0.93-1.81).. For the low dosing groups (2.5 mg or 5 mg of riva-
roxaban twice daily), the net clinical benefit with rivaroxaban
compared with placebo showed a potential signal for benefit
with an HR 0f0.72 (0.46-1.12) in the entire cohort.

Based upon the ATLAS ACS-1 findings, the ALTAS
ACS-2 trial was conducted in 15,526 stabilized recent ACS
patients (within 7 days) who were treated with twice daily
doses of either 2.5 mg or 5 mg of rivaroxaban vs. placebo for
a mean of 13 months [23]. The combined rivaroxaban groups
were shown to have a significant reduction in the risk of the
primary composite efficacy end point of cardiovascular
death, myocardial infarction, or stroke compared with pla-
cebo (8.9 % vs.10.7 %, HR 0.84;95 % CI 0.74-0.96, P=0.008),
with similar results both the twice daily 2.5 mg dose (9.1 % vs.
10.7 %, P=0.02,) and the twice daily 5 mg dose (8.8 % vs.
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10.7 %, P=0.03,). Unexpectedly, the twice daily 2.5 mg dose
of rivaroxaban was associated with a significant reduction in
the risk of cardiovascular death (2.7 % vs. 4.1 %, P=0.002)
and all-cause death (2.9 % vs.4.5 %, P=0.002). However, the
combined rivaroxaban dosing groups were associated with
increased rates of major bleeding not related to CABG
(2.1 % vs. 0.6 %, P<0.001,) and intracranial hemorrhage
(0.6 % vs.0.2 %, P=0.009) compared with placebo. Currently,
rivaroxaban is undergoing regulatory review in both Europe
and the United States for an ACS indication.

Safety Data with the Use of Novel Oral
Anticoagulants for the Treatment of Patients
with Recent ACS

Across 7 trials with 5 different medications, new oral antico-
agulants have shown a consistent dose response relationship
for bleeding risks. In general, doses of new anticoagulants
used for patients with atrial fibrillation were associated with
excessive bleeding in ACS patients primarily due to the fact
that oral anticoagulant was usually evaluated as adjunct to
mono- or dual-antiplatelet therapy. In the APPRAISE-2 trial
[21], the 5 mg twice daily dose of apixaban, which was same
dose used in the ARISTOTLE trial for atrial fibrillation [14],
resulted in excessive bleeding without concomitant efficacy
benefit leading to premature trial termination. A dose
response in bleeding risk was also observed in the ATLAS
ACS-2 trial, despite using cumulative doses of rivaroxaban
lower than those used in the ROCKET trial for atrial fibrilla-
tion (2.5, 5.0 mg twice daily vs. 15/20 mg once daily) [15, 23].
Interestingly, the higher dose of rivaroxaban showed no effi-
cacy advantage compared with the lower dose of rivaroxaban
that was associated with a significant reduction in the risk of
mortality.

Concomitant antiplatelet therapy is also an important
determinant for bleeding risk with new oral anticoagulants in
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the post-ACS setting. Increases in bleeding were more evi-
dent when oral anticoagulants were used with dual antiplate-
let therapy than aspirin alone [20, 22, 24].

Balancing Ischemic Vs. Bleeding Risks

The clinical usefulness for the adjunctive use of new oral anti-
coagulants should be discussed in terms of net clinical benefit.
To justify the use of anticoagulants, absolute clinical benefit
from ischemic event reduction should outweigh the expected
increase in bleeding events. We already have noticed similar
trade-off between ischemic event reduction and increase in
bleeding with prasugrel and ticagrelor vs. clopidogrel in high
risk ACS patients. For example, prasugrel prevented 19 isch-
emic events at the cost of 6 major TIMI non CABG bleeding
during an average 14.5 months of treatment [12]. Ticagrelor
prevented 22 ischemic events at the cost of 6 major TIMI non
CABG bleeding during an average 9 months of treatment [25].
In comparison, the 2.5 mg twice daily dose of rivaroxaban pre-
vented 16 major ischemic events at the cost of 12 major TIMI
non CABG bleeding [26]. A recently published meta-analysis
reported that new oral anticoagulants in the post ACS setting
prevented 13 major ischemic event at the cost of 9 TIMI major
bleeding [27]. Thus, the net clinical benefit with adjunctive oral
anticoagulants dose not compare favourably with dual anti-
platelet therapy and thus does not justify the routine use of
new oral anticoagulants for the secondary prevention of ACS.

Nonetheless, further study of shorter durations of anti-
coagulation may be warranted as previous meta-analyses for
the use of warfarin with aspirin in ACS patients showed that
the greatest absolute net clinical benefit was observed during
the first 3 months of therapy [10]. Shorter durations of treat-
ment with new oral anticoagulants may improve the risk vs.
benefit calculations for these agents in the post-ACS setting,
but may not be attractive from a commercial standpoint for
the pharmaceutical industry (Tables 4.1 and 4.2).
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Suggested Choices Based on Current
Evidence

Regarding combination therapy, anticoagulation in conjunction
with dual antiplatelet therapy is associated with an increased
risk of bleeding and potential lower reduction in the risk of
ischemic events compared with use of these agents with aspirin
alone. Additionally, data regarding the use of new anticoagu-
lants in conjunction with or in comparison with potent P2Y,
inhibitors (prasugrel or ticagrelor) are not available. Thus, it is
not recommended to use new oral anticoagulants together with
or in place of prasugrel or ticagrelor. However, using new oral
anticoagulants in ACS patients who have an indication for long
term anticoagulation, in which warfarin is typically used, may
be considered as a reasonable approach, but requires further
study in dedicated trials that are just starting.
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Chapter 5

American Versus European
Guidelines: Critical Appraisal

Gabriella Passacquale and Albert Ferro

Introduction

The American and European Societies of Cardiology have
recently issued updated guidelines for the management of
ST-elevation myocardial infarction (STEMI) [1, 2] and non-
STEMI/unstable angina (NSTEMI/UA) [3,4]. The distinction
between these two clinical manifestations of acute coronary
syndrome (ACS) was first introduced in the 1996 publication
of the “ACC/AHA Guidelines for the Management of Patients
with Acute Myocardial Infarction” [5], when the term ACS
was used to describe an episode of cardiac discomfort/pain
arising from atherosclerotic plaque disruption. Patients suf-
fering an ACS were categorized into STEMI and NSTEMI/
UA on the basis of electrocardiography (ECG), to distinguish
between those with likely complete thrombotic occlusion of
a coronary artery leading to ST-elevation (STEMI patients)
and those with putatively incomplete coronary artery occlu-
sion in whom raised markers of myocardial necrosis would
further distinguish myocardial infarction without ST-elevation
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(NSTEMI) from UA. Almost concomitantly, the European
Society of Cardiology (ESC) published the guidelines for
“Acute myocardial infarction: pre-hospital and in-hospital
management” [6] where a similar distinction was made
between STEMI and non-STEMI-ACS.

Until the late 1990s, recommendations for the manage-
ment of the two distinct types of ACS were discussed within
the same guidelines, since they overlap in many aspects of the
pharmacological treatment adopted in the acute and post-
acute phases, the main difference being the immediate need
for a reperfusion strategy that only applies to patients with
ST segment elevation on 12-lead ECG, this being diagnostic
for myocardial necrosis which often progresses to the devel-
opment of Q waves. It was with the publication of the 2000
American guidelines for NSTEMI/UA [7] (followed by the
2003 ESC recommendations for STEMI [8]) that the need to
distinguish the management of STEMI and NSTEMI/UA
was emphasized, as a result of important advances in both
medical and interventional therapies coupled with a growing
evidence base that these conditions were best managed in
different ways.

From a historical prospective, it is evident that major
changes have occurred in all aspects of ACS management.
Indeed, the value of different biomarkers of cardiac necrosis
(cardiac troponins, creatine kinase-MB fraction and myoglo-
bin) and the application of imaging modalities for myocardial
infarction (MI) diagnosis have evolved over the years, lead-
ing to three revisions of the criteria for MI over the last
decade [9-11]. The development of novel fibrinolytic, anti-
platelet and anti-coagulant drugs now allows a multi-targeted
pharmacological approach to ACS, with the rationale that
acting on multiple therapeutic targets will provide a more
comprehensive and hence more effective treatment of car-
diovascular thrombotic events. Important advances in medi-
cal treatments have been paralleled by rapid progress in
invasive reperfusion techniques, namely percutaneous coro-
nary intervention (PCI), leading to the formulation of guide-
lines specifically dedicated to PCI [12] and myocardial
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revascularization [13]. This chapter will provide an overview
of the changes in medical therapies for ACS that have
occurred in Europe and North America in the last decade,
and these are summarized in Fig. 5.1, which illustrates impor-
tant milestones in the evolution of pharmacological manage-
ment of ACS and how these have led to the current clinical

EUROPE NORTH AMERICA
8 i idines and
2003 ESC STEMII® Replace Aspirin when contra-indicated and for secondary 2004 ACC/AHA STEML15!
-- Primary PCI preferred OVER prevention --Primary PCI preferred OVER TL when
TL when performed within 90 § ’ ) performed within 90 min from FMC and
min from FMC regardless of time Heparins (gre ference for UFH) as co-adjuvant in patients presenting after 3 h from
window since symptom onset toTL and primary PCI symptom onset; NO preference for
3or>3h i

(RSl Gplibilla inhibitors indicated for primary PCI rmeyECloglineaincorsreah)
- NO mention of drug-eluting ry prevention: beta-blockers, ACE-inhibitors, statins
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FiGure 5.1 Evolution of ACS management in the last decade. Major
changes have occurred over recent years in the management of ACS.
In the middle the elements of common agreement are shown, whilst
on the left and right hand sides the elements specific to ESC (blue)
and ACC/AHA (red) respectively are displayed. ESC European
Society of Cardiology, ACC/AHA American College of Cardiology/
American Heart Association, EACTS European Association of
Cardio-Thoracic Surgery, SCAI Society for Cardiovascular
Angiography and Interventions, ACS acute coronary syndrome,
BMS bare metal stent, DAPT dual anti-platelet therapy, FMC first
medical contact, DES drug-eluting stents, PCI percutaneous coro-
nary intervention, 7L thrombolysis, UFH unfractionated heparin
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approach to management of STEMI and NSTEMI/UA -
including differences between the European and North
American guidelines.

Modern Management of Acute Coronary
Syndrome: A General Overview

ACS is a life-threading condition, therefore “time-to-
treatment” and close monitoring of patients during the acute
and post-acute periods are crucial aspects in reducing mortal-
ity and morbidity. Prompt and accurate diagnosis, risk assess-
ment, timely intervention and effective long-term prophylaxis
to reduce secondary events are important and common
themes around which both the American and European
guidelines have developed their clinical recommendations.
In their last update, the American guidelines (published in
2011 for NSTEMI/UA and 2012 for STEMI) [1, 2] and
European guidelines (issued in 2012 for NSTEMI/UA and
2013 for STEMI) [3, 4] depict a similar algorithm to address
the main practical issues encountered by paramedics and cli-
nicians in the triage of ACS patients, from diagnostic and ther-
apeutic steps to be undertaken in the emergency and
post-acute phases to logistical aspects related to patient
transport when facilities such as catheterization laboratories
are not available in the hospital that initially admits the
patient. A theme that characterizes both guidelines is their
emphasis on the need to implement diagnostic competencies
and to promote regional networking in the pre-hospital set-
ting, where first medical contact (FMC) occurs, so that clini-
cal decisions are taken without delay. The definition of
“timely” intervention since symptom onset has evolved over
the years, as a result of a growing body of evidence demon-
strating differences in time dependency of pharmacological
and mechanical reperfusion therapies on main clinical out-
comes [14, 15], with consequent impact on the choice of
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reperfusion strategy adopted in STEMI patients. Moreover,
with the increasing availability of PCI that is gradually
replacing the fibrinolytic approach to coronary reperfusion in
many hospitals — albeit with important differences in its avail-
ability between the two continents [16] — the main question
of how mechanical reperfusion therapy compares with a
fibrinolytic strategy, with the object of defining whether opti-
mal care can be offered to all patients regardless of whether
they present to a PCI-capable or a PCl-incapable institution,
has been a subject of much debate between Europe and
North America. Similarly,in NSTEMI/UA patients, conserva-
tive versus invasive treatment, including timing for invasive
diagnostic procedures (angiography) and subsequent coro-
nary revascularization (when indicated), are important, and
as yet unresolved, issues.

From a pharmacological prospective, a number of novel
treatments have emerged in the latest versions of the ACS
guidelines, mainly constituting drugs which reduce blood
thrombogenicity. Indeed, the anti-platelet armamentarium
has been enriched by the introduction of novel drugs with
greater platelet inhibitory efficacy than the classical cyclooxy-
genase (COX) inhibitor aspirin and the second generation
P2Y , ADP receptor antagonist clopidogrel (belonging to the
thienopyridine drug class) [17, 18]. The third generation thi-
enopyridine prasugrel and the reversible P2Y , antagonist
ticagrelor have now been included in the contemporary
American and European guidelines as part of dual anti-
platelet therapy (DAPT), albeit with differences between the
guidelines in their use and clinical indications (as specified
later in this chapter). Anti-thrombotic therapy is central to the
management of ACS in the emergency setting, where it acts as
co-adjuvant both to reperfusion strategies and to conservative
management (anti-ischaemic and analgesic therapy) to limit
the propagation of arterial thrombus; similarly it is central to
long-term prophylaxis for prevention of re-infarction as a
result of atherosclerosis progression or re-stenosis of
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implanted stents. In the following paragraphs we will discuss
important new developments in medical therapy as regards:

e Pre-hospital and emergency care;

e Reperfusion therapy: pharmacological versus mechanical;

¢ Anti-thrombotic regimes (anti-platelet and anti-coagulant
drugs);

e Long-term therapy.

Pre-hospital and Emergency Care

The American and European guidelines each dedicate an
extensive chapter to the emergency care of the ACS patient,
including the pharmacological approach to analgesia, the use
of anti-ischaemic (i.e. beta-blockers and nitrates) and anti-
thrombotic drugs, and initiation of a pharmacological reper-
fusion strategy as appropriate with the main emphasis on the
use of pre-hospital fibrinolysis (PHF). In all these areas
major changes have occurred in the last decade, and with
general consensus between Europe and North America.
However, discrepancies are apparent between Europe and
North America as regards the place that PHF holds in
STEMI management, in part possibly because of differences
in their health systems and availability of emergency PCI, but
also because of differences in perceptions regarding the rela-
tive merits of pharmacological versus mechanical reperfusion
strategies.

Analgesia

The 2004 ACC/AHA Task Forces for the management of
STEMI recommended in their guidelines the use of mor-
phine in all patients with ACS, regardless of whether the
diagnosis was STEMI or NSTEMI/UA [19]. In the 2007
update [20], a distinction was made between the two clinical
manifestations of the ACS on the basis of the CRUSADE
study [21] that retrospectively analysed the safety of mor-
phine (in terms of impact on in-hospital death, recurrent MI,
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congestive heart failure, and cardiogenic shock) in 57,039
patients with NSTEMI/UA; the results, published in 2005,
demonstrated that the use of intravenous morphine, alone or
in combination with nitroglycerin, increased mortality in this
population. The hypotensive and cardio-respiratory depres-
sive effects of morphine were advanced as possible explana-
tions for this finding [21, 22]. The CRUSADE study led to a
review of the level of evidence in support of the use of mor-
phine for pain relief in patients with NSTEMI/UA, that from
a recommended choice, although not supported by evidence-
based literature and therefore classified as Class IC, became
a reasonable option (Class I1a) and only in those cases where
relief of symptoms is not achieved with nitroglycerin, as
specified in the 2007 update for STEMI [20] and the 2009
updates for NSTEMI/UA of the ACC/AHA Task Force [12].
Unlike the cautious attitude manifested by the American
guidelines, there is no mention of the CRUSADE study
results in the consensus documents for STEMI or for
NSTEMI/UA of the ESC, and morphine is indicated in the
latest ESC recommendations for NSTEMI/UA among the
initial therapeutic measures [3]. It is uncertain what the
impact of morphine administration would be on clinical out-
comes in patients who are treated with more modern
strategies than those applicable at the time of the CRUSADE
study, with much wider application of DAPT and reduced
administration of beta-blockers in the acute phase as dis-
cussed below (in CRUSADE, about 40 and 80 % received
DAPT and beta-blocker therapy respectively). Nevertheless,
the CRUSADE study has brought to the attention of cardi-
ologists worldwide the potential negative consequences of
morphine administration in this subgroup of patients, in
whom masking the symptoms of continued ischaemia with-
out addressing the underlying cause might represent sub-
optimal treatment.

Both the 2007 ACC/AHA update for STEMI/NSTEMI
[20] and the 2008 ESC guidelines for STEMI [23] have
emphasized the potentially harmful effect of selective COX-2
inhibitors and indeed of non-steroidal anti-inflammatory
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drugs (NSAIDs) in general in ACS patients, given the
increased cardiovascular risk associated with the use of these
drugs as demonstrated in several epidemiological studies and
retrospective analyses of randomized controlled trials (RCTs)
[24-27]. Recommending the discontinuation of COX-2 inhib-
itors and NSAIDs at FMC, and advising against their use
during in-hospital stay, are a feature in common of both the
European and American guidelines in force currently.

Anti-ischaemic Drugs

The use of beta-blockers in the emergency care of ACS has a
strong rationale in view of their pharmacological modulation
of heart rate, systemic arterial pressure and myocardial con-
tractility, in turn leading to a decrease in myocardial oxygen
demand [23]. In the 2000 American Guidelines the early use
of beta-blockers was highly recommended as a general
approach to all patients presenting with STEMI, for their
favourable effects in reduction of infarct size, re-infarction
and occurrence of ventricular arrhythmias as reported by a
number of clinical trials [28-30]. Uncertainty was expressed
about the administration of beta-blockers via intravenous
injection, and particularly in those patients undergoing
fibrinolytic therapy, principally based on 2 randomized clini-
cal trials and a post-hoc analysis of intravenous beta block-
ade that did not show benefit on mortality rate as compared
with placebo [31-33]. The 2007 STEMI update further deval-
ued the place of intravenous beta blockade in light of the
evidence from the COMMIT trial that, in addition to a lack
of favourable effect on mortality, showed an increase in the
rate of cardiogenic shock in the group of patients receiving
intravenous metoprolol compared with placebo, particularly
in those with haemodynamic instability (regardless of whether
the diagnosis was STEMI or NSTEMI) [34]. Therefore, intra-
venous beta-blockade is currently indicated only in cases of
refractory tachyarrhythmia and hypertension and in patients
without “signs of heart failure, evidence of a low output state,
increased risk for cardiogenic shock, or other relative contra-
indications to beta blockade (PR interval greater than 0.24 s,
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second- or third-degree heart block, active asthma, or reactive
airway disease)” (as reported in the 2007 ACC/AHA update
of STEMI) [20]. Agreement can be seen in the ESC guide-
lines, where it is specified that initiation of oral beta blocker
therapy requires stabilization of patients in the first instance
[3]- Overall, the enthusiasm for early use of beta blockers in
patients with MI (including STEMI and NSTEMI) that was
promoted by both Europeans and Americans in their 2003-
2004 guidelines has been moderated in more recent years by
the growth of evidence demonstrating only a modest benefit
of this class of drugs on mortality rate in stable patients [35].
On the other hand, the value of beta blockers in long-term
prophylaxis is well established.

The anti-ischaemic value of nitrates has also been reap-
praised. Indeed, although useful in reducing coronary vaso-
spasm, nitrates failed to show any benefit in reduction of infarct
area or in mortality associated with MI, as demonstrated in
the GISSI-3 [36] and ISIS-4 trials [37]. Therefore, routine use
of nitrates in the initial phase of STEMI is not recommended,
although it represents a useful therapeutic option for anal-
gesia in NSTEMI/UA patients with ongoing pain. Table 5.1
shows the place of selected analgesic/anti-ischaemic medical

TaBLE 5.1 Common analgesic and anti-ischaemic drugs in the initial
management of ACS

Drugs STEMI NSTEMI
Morphine First-line 4-8 mg i.v. + If not responding to
2-8 mg i.v. every 5-10 min nitrates 3.5 mg i.v or s.c.
if needed
Nitrates [Limited usefulness] Sublingual or i.v. (caution
Sublingual or i.v. (caution if  if SBP <60 mmHg)
SBP <60 mmHg)
Beta- Oral: all pts with no Oral: for Tachycardia and
blockers contraindications hypertension without
Intravenous: for refractory signs of HF
Tachycardia and
hypertension

i.v. intravenous, s.c. subcutaneous, HF heart failure, SBP systolic blood
pressure
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therapies in the acute management of ACS in accordance with
current guidelines.

Pre-hospital Fibrinolysis

The strategy of initiating fibrinolysis in the pre-hospital set-
ting was first described in the early 1990s [38], prior to the
widespread development of invasive techniques to restore
coronary patency (PCI) and when medical reperfusion ther-
apy was the primary treatment for MI [39]. PHF only applies
to STEMI patients, since in NSTEMI patients no benefit has
ever been demonstrated for fibrinolysis, whereas the risks of
this therapy are all too apparent in such patients [40]. By
conferring a reduction in time to reperfusion from symptom
onset, PHF reduces mortality rate associated with MI com-
pared with in-hospital administration of thrombolytic ther-
apy [38, 41, 42]. In a review of randomized controlled trials
published between 1989 and 1999, Morrison et al. [42]
reported that the beneficial effect of PHF on all cause mor-
tality at 30 and 60 days was regardless of the lytic agent used
(fibrin-specific alteplase (rtPA), anistreplase or urokinase).
In 2000 a new fibrinolytic drug was launched, namely
tenecteplase, a genetically engineered variant of alteplase
that in the ASSENT-2 trial [43] showed similar efficacy with
less bleeding complication than rtPA (likely because it is
administered as a single bolus compared to dual injection for
rtPA). Tenecteplase (co-administered with heparin, either
low-molecular weight or unfractionated) was tested in the
pre-hospital setting in the ASSENT-PLUS 3 trial in 2003 [44],
and demonstrated safety and efficacy on the primary end-
points (mortality and re-infarction rates), with a greater
favourable effect when enoxaparin (the low-molecular weight
heparin used in this study) was co-administered. Given its
ease of administration as a single bolus, and its higher speci-
ficity for fibrin compared with alteplase and retaplase [45]
(thus accounting potentially for a lesser systemic fibrinolytic
effect), tenecteplase is now regarded as a valuable thrombo-
lytic option available in both the pre- and in-hospital settings.
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A minor place is accorded to the use of the non-fibrin-specific
streptokinase in contemporary recommendations. Indeed, in
their most recent guidelines for STEMI, both Americans and
Europeans express a preference for fibrin-specific drugs over
streptokinase, a change to previous versions where no spe-
cific preferences were given to the choice of fibrinolytic agent
other than considerations related to accessibility and cost.
Nevertheless, streptokinase remains in widespread use
because of its low cost, even though evidence of survival
advantage provided by fibrin-specific drugs in comparison
with streptokinase in STEMI has been available since the
late 1990s with the publication of the GUSTO I and GUSTO
111 trials [46,47]. Moreover, a study by Steg et al. [48] demon-
strated that efficiency of fibrin-specific agents in clot dissolu-
tion is less dependent on time of administration than
streptokinase.

Both the American and European guidelines have
expressed a general consensus on the usefulness of PHF
based on the rationale that earlier treatment promotes better
survival rates, possibly because of greater efficacy of these
drugs on early clots, which exhibit lesser fibrin cross-linking
than older thrombi, with consequent better rates of coronary
reperfusion and myocardial savage. Nevertheless, the use of
PHF in North America and Europe is dramatically different,
largely because of their distinct emergency system pro-
grammes [16, 17]. European countries have, by and large,
developed more effective regional networking systems with
telemetry (transmission of ECG from ambulances to local
centres) and ambulances staffed with paramedics trained in
ECG interpretation and MI treatment and/or physicians.
However, with the now widespread application of primary
PCI for coronary revascularization that is now regarded as
first-line reperfusion strategy in all STEMI patients (assum-
ing it can be performed in a timely fashion), and the fall into
disuse of “facilitated” PCI (PCI performed immediately after
administration of a full-dose of thrombolytic agent) which
was found to increase in-hospital mortality compared to pri-
mary PCI (without fibrinolytic therapy) [49], the place of
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PHF in the management of STEMI now seems far less clear
(as further discussed below).

Reperfusion Strategy: Pharmacological Versus
Mechanical

With the exclusion of those rural scenarios where fibrinolytic
therapy is the only available therapeutic option (and where
therefore PHF represents a valuable resource), the 2004
ACC/AHA Task Force stated that in STEMI patients who
present within the first 3 h from symptom onset — and who
otherwise have access to primary PCI - either a mechanical
or medical reperfusion strategy achieved in a “timely” fash-
ion (as specified in the following paragraphs) impact equally
on survival. This was based on the results from the CAPTIM
and PRAGUE-2 trials [50, 51]. The former reported no dif-
ference between PHF (performed with alteplase in combina-
tion with heparin and aspirin) and primary PCI on a 30-day
composite end-point of mortality/non-fatal re-infarction and
stroke, and even an advantage of PHF over mechanical
reperfusion in the subgroup of patients presenting within 3 h
from symptom onset. The latter showed comparable results
for the two reperfusion strategies (in-hospital fibrinolysis
with streptokinase in combination with aspirin, clopidogrel
and fraxiparin versus primary PCI) in terms of all-cause mor-
tality at 30 days when the analysis was restricted to early
presenters (<3 h); in patients treated more than 3 h after
symptom onset, fibrinolysis was associated with increased
events compared with primary PCI (data are summarized in
Table 5.2). The parallel 2003 ESC guidelines stated the supe-
riority of PCI over fibrinolysis regardless of time since symp-
tom onset. Indeed, the ESC writing committee concluded
that the clinical evidence available at that time (including the
CAPTIM, PRAGUE-2 and DANAMI-2 trials) [14, 50, 51]
were not conclusive of equal efficacy of the two reperfusion
strategies on clinical outcomes, including in patients present-
ing early. Specifically, the CAPTIM study actually compared
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primary PCI with a strategy of PHF followed by patient
transport to an interventional centre for rescue PCI (that was
performed in 25 % of patients assigned to PHF); and the
PRAGUE-2 and DANAMI-2 studies collectively supported
a safer profile of primary PCI as compared to thrombolysis
by virtue of a reduced incidence of fatal stroke (haemor-
rhagic) and non-fatal re-infarction associated with the former
strategy (Table 5.2). Differences in attitude as regards the use
of PHF (and therefore of pharmacological reperfusion) can
be recognized between the American and European guide-
lines also in their 2008 and 2007 updates of STEMI manage-
ment: the ACC/AHA guidelines placed the emphasis on the
speed and not the nature of reperfusion therapy that mainly
improves the outcome of STEMI patients — accordingly no
preference was expressed between pharmacological
and mechanical reperfusion for the subgroup of early pre-
senters — whilst the ESC sustained a more manifest inclina-
tion for an invasive reperfusion strategy. Of note, a paradox
seems apparent between the European recommendations
and the actual practice of PHF in Europe. A survey published
in 2011 analysing data collected between 2003 and 2008 [16]
shows that European countries such as UK, Sweden and
France, have a wider usage of pharmacological reperfusion
therapy initiated in the pre-hospital setting than regions in
North America (Texas and Canada). Moreover, data from the
Viennese and French registries, and a sub-group analysis of
the CAPTIM conducted by a French group [52], all empha-
sized that a strategy of PHF is better than primary PCI in
early-presenting patients, assuming that interventional facili-
ties are available for possible rescue PCI (PCI performed in
subjects with signs/symptoms of unsuccessful reperfusion)
[17]. These evidence revealed that a pharmacological strategy
for STEMI reperfusion has been largely adopted in Europe
[17] despite the major emphasis on primary PCI expressed by
the ESC in the 2003 STEMI guidelines and further rein-
forced in the latest versions. The recently published Strategic
Reperfusion Early after Myocardial Infarction (STREAM)
trial [53], whose results were not available at the time the
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contemporary guidelines were separately issued by the ACC/
AHA and ESC Task Forces, further strengthen the value of
PHF in patients presenting within 3 h after the onset of symp-
toms, by showing similar efficacy to primary PCI on a 30-day
composite end-point of death from any cause, shock, conges-
tive heart failure, or re-infarction (Table 5.2). How these data
will impact on the next American and European guideline
updates for STEMI management remains to be seen.
Meanwhile, the STREAM study has re-opened the debate
about whether primary PCI really is or is not superior to pre-
hospital fibrinolysis, which has been improved in recent years
by more widespread use of fibrin-specific agents as well as by
more aggressive co-adjuvant anti-thrombotic therapy includ-
ing DAPT (Table 5.2 reports the different medical regime
adopted in the STREAM study compared with previous tri-
als). Of note, the rates of re-infarction in the PHF and in the
primary PCI arms were comparable in the STREAM popula-
tion. The authors of the STREAM study cite the non-urgent
nature of performing angiography in patients undergoing
PHF as a factor giving rise to better reperfusion in these
patients, since coronary bypass surgery was conducted more
frequently than in subjects undergoing primary PCI, thus giv-
ing rise to more complete coronary revascularization.
Moreover, all patients were admitted to catheterization-
equipped hospitals, thus enabling immediate coronary inter-
vention whenever indicated. In this way, the STREAM study
re-launches the concept that fibrinolysis (particularly PHF)
and PCI are not mutually exclusive as long as interventional
procedures are conducted not in the immediate post-
fibrinolysis period (within 1-2 h as part of a “facilitated” PCI
strategy) and on a routine basis regardless of successful
reperfusion by fibrinolytic therapy. It appears that early
administration of fibrinolytic agents in the pre-hospital set-
ting and subsequent transport of patients to a catheter
laboratory-equipped facility (in a patient triage scheme that
seems to resemble the one used in the early CAPTIM study
[50]) may be of clinical utility in the management of STEMI
patients, and certainly not of lesser efficacy than a primary
PCI strategy [17].
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Timing of Reperfusion

Reperfusion therapy (either pharmacological or mechanical
reperfusion) has to be initiated early in STEMI patients with
onset of ischaemic symptoms within the previous 12 h — and
the earlier within this time window that it is initiated, the bet-
ter the outcome. In NSTEMI patients, only mechanical reper-
fusion is indicated, since fibrinolytic therapy appears to
confer no benefit yet every possibility of harm, but the timing
of intervention is still not well defined [1-4].

STEMI

In the early 2000s, the choice between PCI and fibrinolysis for
STEMI was mainly determined by the facilities available at
the patient’s local hospital. Fibrinolytic therapy was the rec-
ommended reperfusion intervention in non-capable PCI
hospitals, in order to avoid any potential delay in reperfusion
time associated with transferring the patient to a
catheterization laboratory. This approach has significantly
changed over the years, due to an evolution in the definition
of “timely reperfusion”. In the 2004 ACC/AHA guidelines for
STEMI [19], and in the following updates published in 2008
[20], the target medical contact-to-balloon or door-to-balloon
interval was within 90 min, with the exception of patients
presenting within 3 h from symptom onset, for whom PCI was
indicated as first-line option only if achieved within 60 min
from FMC, otherwise immediate administration of thrombo-
lytic therapy (within 30 min from FMC) was considered
equally effective to a primary PCI approach. In the most
recent version, the 2013 American guidelines [1] extended the
time-window for medical contact-to-balloon up to 120 min,
thus expanding the population of STEMI patients eligible for
mechanical reperfusion therapy to those initially admitted to
a PCl-incapable institution (Fig. 5.1). If patients are directly
transported to a PCI-capable hospital, then the procedure has
to be performed within 90 min. These figures are the same in
the latest version of the European guidelines [2], and were
already in the guidelines for myocardial revascularization
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issued by the ESC in 2008 [23]. Hence, a general consensus
has developed over the years between Europe and North
America in recognizing the superiority of primary PCI over
fibrinolysis also in the early presenters (<3 h from symptom
onset), and a view has emerged that PCI is less time-depen-
dent than a medical reperfusion approach in restoring coro-
nary patency. The Americans re-formulated their
recommendation in the 2013 version of the STEMI guidelines
based on data from the US National Registry of Myocardial
Infarction (NRMI), which allowed a comparative analysis
between onsite fibrinolysis in a PCl-incapable hospital and
delayed PCI following transfer of patients to a catheterization
facility [45]. These data demonstrated that transportation to a
PClI-equipped institution achieved within 120 min offers
advantages as regards mortality and re-infarction compared
to onsite administration of fibrinolysis in a PCl-incapable
centre. In the population of patients presenting within 2 h
from symptom onset, the advantage of PCI over pharmaco-
logical reperfusion was also significant. Data analysis was
conducted on a large and heterogeneous population of
patients enrolled in the NRMI between 1994 and 2006. Over
this period, the outcome from invasive procedures improved
markedly, most likely attributable to advances in peri-proce-
dural medical therapy, in particular the greater use of dual
anti-platelet and anti-coagulant strategies.

NSTEMI/UA

In NSTEMI/UA, optimal timing for invasive procedures
(diagnostic angiography and PCI) is less well defined. The
2008 ESC committee for myocardial revascularization [23]
indicated 72 h as the time window within which to perform
angiography in this group of patients, with the exception of
high-risk patients (GRACE risk score >140) who should
undergo urgent angiography within 24 h. Intervening with
angiography (and PCI as appropriate) in NSTEMI/UA
patients with a low-/moderate-risk score (GRACE <140)
at earlier time points has failed to produce evidence of
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superiority compared to a delayed invasive approach, where
conservative treatment is prioritised [54]. The major limiting
factor in determining the optimal time for angiography in
NSTEMI patients is related to the incidence of post-
procedural MI [55] that negatively impacts on the overall
benefit of an early invasive approach (mean 1.2 h) versus a
delayed strategy (mean 21 h) [56]. Agreement is apparent
between Americans and Europeans in their most recent
guidelines, in that stabilization of patients and reduction in
blood thrombogenicity achieved by intensive anti-platelet
and anti-coagulant therapy in the acute phase has been advo-
cated by both sets of guidelines in order to reduce the inci-
dence of post-procedural ischaemic events. On the other
hand, early intervention may prevent unstable plaques from
progressing to the point of complete coronary occlusion.
Hence, the timing for angiography +/— revascularization has
to be tailored to individual cases, based on considerations of
risk and hemodynamic stability. As a consequence, both sets
of guidelines strongly advocate continuous monitoring of
NSTEMI/UA patients for early signs of clinical complica-
tions that may require prompt intervention. The American
guidelines for NSTEMI-UA specifically identify the criteria
that qualify patients for early diagnostic angiography: recur-
rent symptoms/ischaemia, heart failure, or serious arrhyth-
mias. For all other patients, stress testing is advocated to
quantify risk; low-risk patients can be discharged with opti-
mal preventative therapy, to undergo elective angiography,
whilst those classified as high-risk should undergo early angi-
ography. A similar approach can be recognized in the
European guidelines. However, the ESC emphasize the
importance of an early invasive approach to diabetic patients,
who demonstrate a worse outcome that non-diabetic patients
in many clinical trials [57], thus highlighting the need for
aggressive and intensive medical therapy in this particular
group for whom early revascularization should be consid-
ered. The ESC, but not the ACC/AHA Task Force, also
express their preference for the use of the novel platelet
inhibitors prasugrel and ticagrelor in diabetic patients in
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order to obtain a greater anti-platelet effect than that
achieved with clopidogrel (as discussed below).

Of note, although the European and American guidelines
differ slightly in their recommendations as to choice of reper-
fusion therapy (in STEMI) and the timing of intervention (in
all ACS patients), a point of agreement that has emerged
over the years is the notion that intensive anti-thrombotic
medical management is required in all ACS patients as co-
adjuvant therapy to improve clinical outcomes (Table 5.3).

Anti-thrombotic Therapy

Much of the clinical improvement achieved in the last decade
in both prevention and treatment of ACS has to be attributed
to advances in anti-thrombotic therapy, especially with devel-
opment of new molecules with increased inhibitory effect on
platelet activity. Figure 5.2 illustrates the targets of different
anti-thrombotic drugs currently in wuse, comprising
anti-platelet drugs (aspirin, P2Y ,-receptor antagonists and
glycoprotein (Gp) IIb/IIla inhibitors) and anti-coagulants
(the direct thrombin inhibitor bivalirudin and indirect throm-
bin inhibitors namely heparins and fondaparinux).

Anti-platelets Drugs

Aspirin and P2Y ,-Receptor Inhibitors

Based on the Anti-Thrombotic Trialists Collaboration results
[58], demonstrating the favourable effect of aspirin on inci-
dence of vascular events in NSTEMI-ACS, and the ISIS-2
trial [39] reporting an additively favourable effect of aspirin
and thrombolysis on outcome in STEMI patients, the 2003
European and 2004 American guidelines recommended
administration of aspirin as first-line treatment in all ACS
patients regardless of the strategy chosen (conservative or
invasive). Anti-platelet therapy with aspirin has also demon-
strated important benefits as regards mortality and progres-
sion to infarction in UA [59, 60]. The thienopyridine class of
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FIGURE 5.2 Pharmacological targets of anti-thrombotic agents used
in ACS. A thrombogenic surface (fibrinogen, von Willebrand Factor
(vWF) and collagen) anchors platelets to the vascular wall by engag-
ing specific platelet glycoproteins (Gps: GPIIb/IIIa, GpIb and GpVI
respectively). The ensuing activation of platelets induced by integrin
engagement, along with locally produced thrombin, leads to platelet
activation and release of additional platelet-derived soluble throm-
bogenic molecules (ADP, thromboxane A, (TxA,)) that are essen-
tial in stabilizing the initial aggregate, as they activate and recruit
other circulating platelets and also produce a conformational
change in GPIIb/IIIa from a low- to a high-affinity state for fibrino-
gen, which acts as a bridge between platelets. Activation of the
coagulation cascade contributes to thrombus stabilization by pro-
moting thrombin-mediated formation of fibrin cross-linking fibres.
Aspirin reduces platelet TxA2 production through its inhibitory
activity on cyclooxygenase-1. Thienopyridines and ticagrelor selec-
tively bind the adenosine diphosphate (ADP) purinergic receptor
P2Y , on platelets to permanently (thienopyridines) or reversibly
(ticagrelor) inactivate it. GpIIb/IIla inhibitors interfere with plate-
let-to-platelet interactions and platelet anchoring to the thrombo-
genic surface. Anti-coagulants mainly block thrombin activity either
through a direct effect (bivalirudin) or via an indirect mechanism
requiring anti-thrombin (AT) (heparins: low molecular weight hepa-
rin (LMWH) or unfractionated heparin (UFH)) or inhibiting Factor
Xa required for its activation (fondaparinux). Note that thrombin
also activates platelets through engagement of protease activated
receptors (PARs). Co-administration of anti-platelets and anticoag-
ulants interferes with platelet activation at multiple levels

anti-platelet agents (ticlopidine, a first generation drug, and
subsequently clopidogrel, a second generation thienopyri-
dine) was then developed, with the rationale of offering such
drugs to patients with hypersensitivity or major gastrointesti-
nal intolerance to aspirin; these drugs (or more precisely,
their active metabolites) irreversibly bind and block the ADP
platelet receptor P2Y .. Hence, the 2003 ESC and 2004 ACC/
AHA guidelines also advocate the use of ticlopidine or
clopidogrel as co-adjuvant anti-platelet agents with throm-
bolysis in patients with allergy to aspirin, but no specific
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recommendations were given for the use of ADP antagonists
in primary PCI (either as co-adjuvant therapy or in the post-
procedural phase) due to lack of clinical evidence at that
time. Ancillary therapy to primary PCI consisted of anti-
coagulant drugs (mainly heparins) and Gp IIb/Illa antago-
nists (as expanded upon below). The add-on value of aspirin
to fibrinolysis was reinforced by the CLARITY-TIMI 28
study published in 2005 [61]. Therefore, the subsequent
updates in 2007 of STEMI management issued by the ESC
and ACC/AHA Task Forces further underlined the impor-
tant role of anti-platelet therapy with aspirin in conjunction
with fibrinolytic reperfusion therapy on the main clinical
outcomes of mortality and re-infarction in STEMI patients.
At the same time, advances in the understanding of platelet
activation, and the notion that inhibition of platelet activity at
multiple levels could offer additive or even synergistic
anti-platelet effect, prompted investigators to address the
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potential advantage of thienopyridine-aspirin co-administra-
tion on clinical outcomes in ACS. Two major trials, CLARITY-
TIMI 28 [61] and COMMIT-CCS-2 [34], provided clear
evidence for a net benefit of clopidogrel (which by that time
had supplanted ticlopidine in clinical use due to a high inci-
dence of haematological toxicities with ticlopidine) as add-on
therapy to aspirin, in patients treated with either fibrinolysis
or PCI. This benefit was mainly related to reduction of re-
infarction rates. The COMMIT trial also showed superiority
of DAPT versus aspirin alone in ACS patients not undergo-
ing reperfusion therapy, whether pharmacological or inva-
sive. These data prompted the introduction in the 2008 ACC/
AHA and 2007 ESC updates of DAPT for all ACS patients,
be they STEMI or NSTEMI, regardless of reperfusion strat-
egy and including those treated by a conservative approach.
The recommended length of treatment was restricted to the
short-term follow-up length of these two trials (30 days),
although the possibility was advanced that substantial benefit
may accrue from DAPT in longer-term therapy. The evidence
that benefit is indeed obtained by continuing DAPT for at
least 12 months post-acute event increased in the following
years (Table 5.4), and it is now stated in the most recent
American and European guidelines that DAPT should con-
tinue for 12 months after presentation with ACS (whilst the
beneficial effect of DAPT is not greater if continued for lon-
ger than 1 year, at least in patients receiving drug-eluting
stents [73]). Exceptions are for patients with ischaemic stroke
and transient ischaemic attack, for whom DAPT is contrain-
dicated/not recommended because of increased bleeding
events.

Major issues have since arisen with regard to inter-
individual variability of platelet response to clopidogrel, as a
consequence of variations in liver metabolism that is required
to convert the pro-drug to the active molecule.
Co-administration of other drugs metabolized by hepatic
cytochrome P450 (CYP), chiefly statins and proton-pump
inhibitors [74-77], and genetic variants of CYP-2C19 [78-80],
have been reported in a number of studies to be associated
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with reduced biotransformation of clopidogrel to its active
metabolite — and, at least in the case of the genetic slow-
metabolizer variants of CYP-2C19, have been demonstrated
to give rise to impaired platelet inhibitory effects in response
to clopidogrel. Therefore the third generation thienopyridine
prasugrel was developed, which is less dependent on hepatic
metabolism since it requires a single pass liver conversion into
its active metabolite compared with the two-step hepatic bio-
transformation of clopidopgrel [17, 18]. In an attempt to
clarify the important aspects of pharmacogenetics and drug
interactions of thienopyridines, the ACCF/ACG/AHA societ-
ies recently reviewed the evidence-base in the literature on
the use of thienopyridines in ACS in 2010 [81]. The consensus
document summarizes three main aspects of importance to
medical practitioners: (1) DAPT increases the risk of gastro-
intestinal bleeds compared to aspirin monotherapy; (2) it is
possible and advisable to prevent the increased risk of gastro-
intestinal bleeding complications in patients receiving DAPT
by concomitant administration of a proton-pump inhibitor
(since, although proton pump inhibitors do impair clopidogrel
biotransformation, this does not appear to translate to a clini-
cally important effect as demonstrated in recent large clinical
trials [82, 83]; (3) the relationship between genetic variations
in CYP and reduced bioconversion of clopidogrel is clear, but
whether this phenomenon has meaningful clinical conse-
quences remains uncertain. Overall the statement endorses
the use of proton pump inhibitors in combination with clopi-
dogrel, in light of a net benefit deriving from prevention of
gastrointestinal bleeding in patients on DAPT which is not
counterbalanced by a demonstrated negative impact on clini-
cal outcomes. In agreement with this, the 2012 American
guidelines for STEMI and the 2011 updates for NSTEMI/UA
further reinforce the need to consider proton pump inhibitor
co-administration with DAPT in patients at risk of gastroin-
testinal bleeding, as this increases drug tolerability and adher-
ence to therapy by patients, with consequent favourable
effects on the prevention of re-infarction or re-stenosis fol-
lowing ACS. The ESC guidelines agree in this respect.
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More recently, in order to bypass the liver metabolism-
dependent activation step that can delay the onset of action
of thienopyridines, and in order to achieve reversible antago-
nism of ADP which may be useful in patients on DAPT
requiring surgical intervention or experiencing bleeding,
ticagrelor was launched [18]. This drug, a cyclopentyltriazo-
lopyrimidine (therefore chemically different from the thieno-
pyridines), is a reversible P2Y , antagonist which does not
require biotransformation for its activity.

The latest versions of the American and European guide-
lines both mention prasugrel and ticagrelor in the context of
STEMI and NSTEMI/UA management. However, discrep-
ancies over which P2Y  antagonist to use in different clini-
cal settings can be recognized between the American and
European recommendations. The ESC guidelines promote
the use of prasugrel and ticagrelor instead of clopidogrel as
part of DAPT co-adjuvant to PCI, based on the favourable
effect of prasugrel and ticagrelor compared with clopidogrel
on primary outcomes demonstrated in the TRITON TIMI-
38 and PLATO trials respectively [65-67]. Diabetic patients
are singled out as those who may mainly benefit from the
use of these more efficacious anti-platelet drugs. The ACC/
AHA Task Force have exhibited a more cautious attitude in
replacing clopidogrel with prasugrel or ticagrelor, in view of
more bleeding events associated with the newer drugs com-
pared with clopidogrel (Table 5.4) that may negatively
impact on any benefit accrued. In years to come, more clini-
cal evidence will become available on the benefits and risks
of these different anti-platelet regimes, allowing their risk/
benefit ratio to be better elucidated in long-term follow-up.
Of note, the TRITON TIMI-38 study compared prasugrel to
clopidogrel used at a loading dose that is below that cur-
rently recommended (600 mg) for PCI. Moreover, at present
no data are available as regards the use of the new P2Y |
antagonists in the setting of fibrinolysis, for which both the
ESC and ACC/AHA Task Forces maintain the previous rec-
ommendation of aspirin in combination with clopidogrel as
DAPT (Table 5.3).
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Gpllb/111a Inhibitors

There is agreement between the European and American
guidelines that, with the now widespread use of DAPT, and
the recent availability of ever more potent anti-platelet drugs,
the value of Gpllb/Illa inhibitors in ACS is much less than
previously. Abciximab has been the most widely used Gplla
/MIa inhibitor in the setting of ACS. When tested as a co-
adjuvant to fibrinolysis with streptokinase in two early ran-
domized clinical trials, it failed to demonstrate additive
benefit on 30-day mortality, although a slight reduction in
re-infarction during in-hospital stay was seen albeit at the
price of increased bleeding complications [84, 85]. Based on
such evidence, the 2003 ESC Task Force did not promote the
routine use of GpllIb/IIla inhibitors as ancillary therapy to
fibrinolysis in STEMI and no change has arisen in later
updates. In the setting of primary PCI, conflicting data have
been published as regards the favourable effect of Gplla/llla
inhibitors on top of aspirin and anti-coagulants, prior to the
routine use of DAPT [86, 87]. Moreover, in the recent
BRAVE-3 trial [88], that tested the usefulness of GplIIb/IIla
inhibition with abciximab added on to clopidogrel 600 mg
(with co-administration of aspirin and heparin) in STEMI
patients undergoing PCI, abciximab failed to reduce infarct
size compared with optimal DAPT. On the other hand, no
harmful effect of GpllIb/Illa inhibition was seen in terms of
bleeding complications in this study. Hence, in the most
recent guidelines issued by ESC and ACC/AHA, GplIb/Il1a
inhibition is referred to simply as a reasonable choice for
STEMI/NSTEMI patients undergoing invasive procedures,
and no specific preference is expressed for abciximab or the
other GplIb/I11a inhibitors currently available (tirofiban and
eptifibatide).

Anti-coagulant Drugs

Unlike anti-platelet drugs, which are indicated not only in the
acute phase but also in the long-term treatment of ACS, anti-
coagulation is indicated in the acute phase only. In the 2004
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American STEMI guidelines the choice was between hepa-
rins (unfractionated and low molecular weight heparins) and
bivalirudin. They were termed anti-thrombins because of
their mechanism of action, that consists of blockade of the
enzymatic activity of thrombin (i.e. conversion of soluble
fibrinogen to insoluble fibrin), either through direct binding
of the drug to the active domain of thrombin (for bivalirudin)
or through an indirect action that requires anti-thrombin
(AT) as a co-factor to inhibit the enzymatic activity of throm-
bin (for heparins) [89]. However, the nomenclature was
reviewed in the subsequent 2007 update of the STEMI guide-
lines in recognition of the ability of the heparins to bind a
number of plasma proteins other than thrombin that contrib-
ute to the coagulation cascade [90], and the term anti-
thrombins was replaced by anti-coagulants.

Anti-coagulants are recommended in all ACS patients,
regardless of STEMI or NSTEMI diagnosis, and regardless of
the management strategy selected (invasive or non-invasive).
In the 2004 American STEMI consensus document, heparins
were preferred to bivalirudin, this latter indicated as an alter-
native option in patients with known heparin-induced throm-
bocytopenia. The low molecular weight heparin enoxaparin
was seen to offer advantages over unfractionated heparin,
especially when the duration of anti-coagulation was longer
than 48 h. For primary PCI, unfractionated heparin was the
recommended choice, since no clinical trials specifically
addressing the impact of low molecular weight heparin on
outcomes in this setting were available. As an adjuvant to
fibrinolysis, the role of anti-coagulants was more controversial,
and they were specifically recommended as co-adjuvant to
fibrin-specific lytic agents, since no clear additive benefit was
found for heparins in co-administration with streptokinase
[84]. Bivalirudin was not approved at that time for use in
Europe. Therefore, the 2003 ESC guidelines advocated only
heparins as anti-coagulants, emphasizing their clinical utility
in STEMI patients undergoing fibrinolytic reperfusion, with
no clear preference between unfractionated and low molecu-
lar weight heparin. For primary PCI, no recommendation
for heparin treatment was given. Over the ensuing years,
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accumulating evidence has supported the additive benefit of
anti-coagulants to both fibrinolytics and PCI. The EXTRACT-
TIMI 23 study [91] reinforced the data previously published
in the ASSENT-3 trial [84], showing that enoxaparin is supe-
rior to unfractionated heparin in patients treated with fibrin-
specific lytic agents but not in streptokinase treated patients.

A newly developed anti-coagulant fondaparinux, that
selectively binds anti-thrombin III to induce a conforma-
tional change resulting in enhanced inhibitory activity on
factor Xa, was tested in the OASIS-6 study [92]. The results,
published in 2006, demonstrated similar efficacy of
fondaparinux and enoxaparin on the primary end-points
(death, MI and stroke at 9,30 days and 6 months) in patients
undergoing either pharmacological or mechanical reperfu-
sion therapy, or neither. As a consequence, fondaparinux was
recommended as an alternative anti-coagulant in both the
2007 ACC/AHA and 2008 ESC guidelines for STEMI,
although caution was expressed because of an increased risk
of catheter thrombosis related to fondaparinux use that
emerged in the OASIS-6 study , leading the writing commit-
tees to discourage its use as sole anti-coagulant in patients
undergoing mechanical reperfusion (suggesting co-treatment
with a GplIb/I11a inhibitor instead). The most recent versions
of the STEMI guidelines in Europe and North America both
reinforce the harmful effect of fondaparinux in primary PCI,
and advise administration of unfractionated heparin before
invasive procedures are carried out in patients who previ-
ously received fondaparinux only.

Unlike the consensus expressed for fondaparinux, the
ESC and ACC/AHA guidelines differ in their preference for
other anti-coagulants in the context of primary PCI. The
American guidelines underline the failure of enoxaparin to
show a superior effect over unfractionated heparin on pri-
mary end-points in the ATOLL trial [93], whilst the European
guidelines emphasize that, although no differences were
observed between the two anti-coagulant regimes in this trial
(in terms of mortality at 30 days, complications of MI, proce-
dural failure or major bleeding), the secondary end-point
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(composite of death, recurrent ACS and urgent revasculariza-
tion) showed superiority for the enoxaparin arm. Also for
bivalirudin the views differ. Although bivalirudin produced
less bleeding complications than unfractionated heparin in
the HORIZON-AMI trial [94], this was at the price of
increased rates of stent thrombosis, and this latter aspect is
emphasized by the American guidelines which therefore
express caution in the use of bivalirudin in place of heparins
in primary PCIL. The European guidelines emphasize their
view that increased restenosis can be overcome by more
potent DAPT, since in the HORIZON-AMI trial bivalirudin
was administered in conjunction with a loading dose of clopi-
dogrel at 300 mg rather than 600 mg. Moreover, given the
reduction in bleeding complications with bivalirudin, the
European guidelines suggest it as a valid alternative in
patients for whom GplIb/I11a inhibition is to be avoided (due
to increased risk of bleeding).

Agreement is expressed on the need to use anti-coagulant
therapy for peri-procedural prophylaxis of thrombo-embolic
events (including deep venous thrombosis, pulmonary embo-
lism, left ventricular mural thrombus formation and cerebral
embolism). No requirement is propounded for prolonged
administration of anti-coagulants post-PCI. Similarly, in
NSTEMI/UA patients who do not undergo invasive therapy,
anti-coagulants are advocated for the duration of their hospi-
tal stay, up to 8 days (or in the case of unfractionated heparin
for 48 h maximum), given the limited benefit of anti-
coagulation as regards long-term clinical outcomes with a
considerable increase in bleeding complications [95].

Long-Term Therapy

The long-term management of ACS relies on preventative
measures (both pharmacological and non-pharmacological)
to reduce the occurrence of future thrombotic events.
Correction of classical cardiovascular risk factors with
life-style modifications (including a cardiac rehabilitation
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programme where appropriate), anti-hypertensive and lipid-
lowering therapies are all crucial components following
STEMI or NSTEMI/UA, and these measures all help to
reduce blood thrombogenicity. Indeed, evidence exists that
all cardiovascular risk factors increase platelet activity as well
as inflammation [96, 97], thus predisposing to both athero-
sclerosis progression and superadded thrombosis.
Additionally, as mentioned above, anti-platelet drugs are an
important aspect of the long-term management of these
patients, and the need for more intensive platelet inhibition
in secondary prevention than that achieved with aspirin
monotherapy has been particularly emphasized in the most
recent guidelines; DAPT is now recommended in the long-
term therapy of ACS up to 1 year, and not just as a reasonable
choice as reported in previous versions [1-4].

Compared with previous versions, the most recent recom-
mendations do not differ in optimal blood pressure and
serum cholesterol targets (blood pressure <140/90 mmHg
and <130/80 mmHg in diabetics; low-density lipoprotein cho-
lesterol <70 mg/dl (<1.75 mmol/L)). Unlike the American
guidelines, the ESC Task Force specifically addresses long-
term prophylaxis in selected groups of patients who are con-
sidered at particularly high cardiovascular risk and who
therefore merit particular attention, namely diabetics and
patients with impaired renal function (glomerular filtration
rate <60 ml/min). These groups of patients are identified as
those for whom prasugrel (in diabetics) and ticagrelor (in
patients with impaired renal function) may offer particular
advantages over clopidogrel, on the basis of the results from
the TRITON TIMI-38 and PLATO studies [65-67]. As men-
tioned above, the American guidelines express no preference
for any P2Y , receptor antagonist over any other, in DAPT.

Conclusion
The development of novel anti-thrombotic drugs has contrib-

uted significantly to the evolution of management approaches
to ACS over the last decade. The modern management of
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STEMI and NSTEMI/UA patients is based on a combined
pharmacological approach using multiple drugs with differ-
ent therapeutic targets, either alone or in combination with
an invasive strategy. This approach has led to important ben-
efits on mortality and morbidity rates associated with ACS,
both in the acute and long-term phases. Nevertheless, the
benefits of intensive anti-thrombotic (comprising both anti-
platelet and anti-coagulant) therapy is counterbalanced to
some degree by increased risk of bleeding complications, that
needs to be taken into account when tailoring therapy to the
individual patient. The American and European guidelines
are important sources of evidence-based clinical recommen-
dations, and the succession of updates issued over the last
decade reflect both the exponential rise in information
derived from clinical research and from progress in available
medical and interventional therapies achieved over the years.
In their latest versions, a very similar approach to the treat-
ment of ACS can be seen in both the European and American
guidelines. However, subtle discrepancies are present and
relate to differences in data interpretation, especially where
the available evidence comes from single trials only (e.g.
PLATO for ticagrelor, TRITON TIMI-38 for prasugrel). The
fact that such discrepancies in their points of view exist is a
clear indication that additional data are required in order to
elucidate more robustly the true benefits versus risks of
emerging treatment approaches in these patients.
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Chapter 6

Triple Therapy: Risky
but Sometimes Necessary

Rikke Sgrensen and Gunnar Gislason

Introduction

Antithrombotic therapy is a cornerstone of treatment in vari-
ous cardiovascular conditions, e.g. ischemic heart disease
(IHD), atrial fibrillation (AF), artificial heart valves and
stroke. The need for antithrombotic therapy in patients with
cardiovascular disease can change over time due to temporal
changes in patients baseline risk e.g. after stent implantation,
insertion of an artificial heart valve, occurrence of venous
thromboembolism or stroke. Hence, continuous evaluation of
the patient’s need for antithrombotic treatment is required,
and treatments should be modified accordingly by changing
toan alternative or more effective antithrombotic drug or
combination of two or more drugs if indicated. Antithrombotic
treatment is associated with increased risk of bleeding, a
risk that is accentuated with combinational use, the highest
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risk being associated with triple treatment (consisting of oral
anticoagulation, aspirin and a P2Y , inhibitor). Thus, bleeding
risk assessment is an essential part of selecting the most
appropriate antithrombotic treatment regimen for the indi-
vidual patient [1, 2].

Most randomized trials exploring treatments with anti-
thrombotic medications have included patients with a unani-
mous indication for antithrombotic treatment such as atrial
fibrillation or acute coronary syndrome, and have assessed
efficacy and safety in that given clinical setting [3-8]. However,
everyday practice is challenged since patients often have
more than one indication for antithrombotic treatment (e.g.
atrial fibrillation and acute coronary syndrome) followed by
a short or long-standing need for combining antithrombotic
treatments that have mostly been tested separately.
Knowledge of safety and efficacy of combinations with triple
antithrombotic therapy is sparse primarily described by
observational studies, or in smaller randomized trials [2,9-11].
Continuous evaluation of the appropriateness of current
antithrombotic treatment is highly important; especially in
patients treated with triple therapy since patients experienc-
ing a bleeding episode have a poorer prognosis with increased
risk of thrombosis and death [12, 13].

On the basis of present literature this chapter will describe
clinical situations in which combinations of oral anticoagulation
and antiplatelet therapy are needed after discharge from hospi-
tal. The safety and risks related to different combinations of
triple therapy and the alternative dual therapy will be reviewed.
In addition we will point out the acknowledged tools to assess-
ment of individual risk of bleeding and everyday handling.

Ischemic Heart Disease

Acute Coronary Syndrome

Acute coronary syndrome occurs when there is an unstable
plaque in the coronary artery, leading to a subtotal or total
occlusion. The process of thrombus-formation is accelerated
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by activated platelets and activation of the coagulation
cascade. The immediate antithrombotic treatment of acute
coronary syndrome includes loading dose with aspirin and a
P2Y , inhibitor (clopidogrel, ticagrelor or prasugrel), along
with anticoagulant treatment (typically fondaparinux, or low-
molecular weight heparins) until invasive examination and
revascularization are possible [14, 15]. Long-term antithrom-
botic treatment after the initial phase of the acute coronary
syndrome is based on dual antiplatelet therapy (aspirin and a
P2Y , inhibitor) [14, 15].In the Clopidogrel in Unstable
Angina to Prevent Recurrent Events (CURE) trial treatment
with clopidogrel and aspirin were found to be superior to
aspirin monotherapy considering a combined endpoint of
cardiovascular death and non-fatal myocardial infarction
(MI) or stroke, and also recurrent MI alone [3]. However,
several studies have shown that clopidogrel have some disad-
vantages, primarily that up to 40 % of the patients have insuf-
ficient inhibition of the platelets if treated with clopidogrel
(clopidogrel resistance) [16, 17]. This variance is caused by
several factors: genetic variations, drug-drug interactions and
poor adherence to treatment. Several assays have been devel-
oped to identify patients with clopidogrel resistance, but the
assays have yet not been proved usable in everyday clinical
practice, primarily due to diversity of sensitivity and difficul-
ties by determining a relevant cut-off value [18-20]. Prasugrel
and ticagrelor have proven to be more effective than clopido-
grel in acute coronary syndrome, with a lower degree of
variation to platelet inhibition [21, 22]. Prasugrel is activated
by one-step of hepatic activation, whereas clopidogrel is acti-
vated by a two-step process, and ticagrelor binds directly and
reversible to the P2Y, inhibitor. The Trial to Assess
Improvement in Therapeutic Outcomes by Optimizing
Platelet Inhibition with Prasugrel-Thrombolysis in
Myocardial Infarction (TRITON-TIMI) 38explored dual
therapy with prasugrel and aspirin against dual therapy with
clopidogrel and aspirin and found reduced frequency of the
combined endpoint of recurrent MI, cardiovascular death
and non-fatal stroke, primarily driven by reduction of recur-
rent MI and cardiovascular death [5].In the Study of Platelet
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inhibition and Patient Outcomes (PLATO) trial ticagrelor
and aspirin reduced a composed endpoint of cardiovascular
or cerebrovascular death and recurrent MI compared with
the combination of clopidogrel and aspirin [4]. The CURE,
TRITON-TIMI 38, and PLATO trials tested dual-antiplatelet
therapy in the setting of acute coronary syndrome. All studies
excluded patients with an indication of anticoagulation [3-5].
Nevertheless, approximately 6-8 % of the patients being
admitted with acute coronary syndrome have an indication
for oral anticoagulation, whereas it is estimated that 20-30 %
of patients with AF with an indication of oral anticoagulation
have co-existing coronary artery disease. Consequently, the
need for combining dual-antiplatelet therapy and oral antico-
agulation (triple therapy) is overt [14, 23].

Percutaneous Coronary Intervention

In patients treated with percutaneous coronary intervention
(PCI) stent-thrombosis is a feared complication, since it often
is fatal [24]. The frequency of stent-thrombosis, both early and
late is higher in patients treated with first-generation drug-
eluting stents compared with bare-metal stents [25, 26]. Early
discontinuation of treatment with a P2Y,, inhibitor has
shown to be the strongest independent predictor of stent-
thrombosis [27]. The optimal duration of dual antiplatelet
therapy has been debated and tested, but beneficial effect of
clopidogrel treatment beyond 12 month seem to be out-
weighed by increased risk of bleeding [28-30]. Since 2010, the
recommended duration of dual antiplatelet treatment after
PCI (without MI) is 1-3 months for bare metal stents, and 6-12
months for drug-eluting stents, the variation in length of ther-
apy to be adjusted according to the patients risk of bleeding
(details on bleeding risk assessment is listed below) [14, 15,23].

Indications for Oral Anticoagulation
The risk of stroke in patients with AF is increased with pres-

ence of comorbidities and age. Risk stratification is easily
assessed by e.g. CHA DS VASc risk score (Congestive heart
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failure or left ventricular dysfunction, hypertension, Age
>75(doubled), Diabetes, Stroke (doubled), Vascular disease,
Age 65-74, Sex category (female)). In patients with no con-
traindications oral anticoagulation is recommended in
patients with CHA DS VASc score >1 (except for patients at
low risk achieving 1 point for female gender), since treatment
with aspirin monotherapy and dual therapy of aspirin and
clopidogrel is less effective regarding stroke prevention
[31, 32].In patients with other conditions e.g. pulmonary
embolism or prosthetic heart valves oral anticoagulation can
be necessary for a limited period of time or lifelong, to reduce
the risk of stroke or recurrent embolism [33-38], sometimes
in combination with aspirin [39].

Triple Therapy

Triple therapy defined by use of aspirin, a P2Y, inhibitor and
oral anticoagulation can be indicated in certain clinical situa-
tions but usually for a limited period of time. The typical clini-
cal situation: a patient with a clear indication of oral
anticoagulation experiencing an acute MI or is treated with a
coronary stent. The following sections will cover description
and discussion of safety and risks related to different combi-
nations of triple therapy and an alternative dual therapy.
Both oral anticoagulation with vitamin K antagonists and the
novel oral anticoagulants will be reviewed.

Triple Therapy: Aspirin, Clopidogrel
and Vitamin K Antagonist

Bleedings

Several studies have described the risk of bleeding and the
risk of thromboses related to triple therapy, mainly in combi-
nation of vitamin K antagonist treatment, aspirin and clopi-
dogrel treatment. However, these studies are difficult to
compare directly due to diverse populations (stable and
unstable patients, difference in age and severity of comorbid-
ity), and use of different definitions of bleeding. In general,
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the studies have found higher risk of bleeding related to tri-
ple therapy (vitamin K antagonist, aspirin and clopidogrel)
compared with mono- and dual-therapy; the crude incidences
of major bleedings ranging between 5 and 15 %, mostly being
>10 % per year [1,2,9, 10, 40-42]. It has been more difficult
to establish concordance of bleeding risk related to dual anti-
thrombotic treatment with a vitamin K antagonist and either
aspirin or clopidogrel [1, 9, 10, 40, 42, 43]. Treatment with the
combination of vitamin K antagonist and clopidogrel have
previously been recommended and considered safe, in
patients with high risk of bleeding needing triple therapy
[44, 45]. A statement that was challenged by two large scale
nationwide observational studies, which found nearly compa-
rable risk of bleeding with dual treatment of vitamin K
antagonists and clopidogrel as with triple therapy [1, 42].
Recently the results of the What is the Optimal antiplatelet
and anticoagulant therapy in patients with oral anticoagula-
tion and coronary StenTing (WOEST) trial were published
and to our knowledge, this is the first randomized trial testing
safety of triple therapy against dual treatment with vitamin K
antagonist and clopidogrel. A total of 573 patients treated
with PCI, with an indication of OAC were included. The
study was powered to test difference in risk of bleeding with
a follow-up of 1 year. The study clearly showed reduced risk
of bleeding in patients receiving vitamin k antagonist treat-
ment combined with clopidogrel compared with triple ther-
apy (6.5 % vs. 12.7 %, p=0.01, Bleeding Academy Research
Consort definition, type 3 bleeding). Results persisted across
subgroups, but due to low number of patients in each sub-
group the results did not reach significance in all. The num-
bers of cerebral-bleedings were comparable in both the triple
and dual treatment group (1.1 %). The incidences of bleeding
in the study was relatively high (triple therapy 15.8 %, vita-
min K antagonist and clopidogrel 6.5 %), but not markedly
different from real-life patients in large observational studies
[1, 2, 42, 46]. The previously found high risk of bleeding
related to the combinations of vitamin K antagonists and
clopidogrel in the observational studies may be explained by
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selection bias (patients at higher risk was selected for a pre-
sumed safer antithrombotic strategy), emphasizing the impor-
tance of randomized trials to guide clinical practice [1,42, 46].
Noteworthy, the WOEST trial found reduced all-cause mor-
tality in the group treated with vitamin K antagonists and
clopidogrel. One could speculate that this could be due to a
lower number of bleedings, as a bleeding occurrence is fol-
lowed by at higher risk of thrombosis and death [2]. Table 6.1
shows different studies and crude incidences of bleeding
related to treatment with vitamin k antagonist in combina-
tion with one or two antiplatelet treatments.

Thrombosis

There are no randomized studies of patients in treatment
with oral anticoagulation in combination with one or two
antiplatelet drugs that have been powered to test frequency
of mortality and stent thrombosis [15]. Two observational
studies found comparable risk of thrombotic events among
patients treated with triple therapy and vitamin K antagonist
combined with one antiplatelet drug (aspirin or clopidogrel),
but the thrombotic endpoints assessed were different, one
being a combined endpoint, another being separate measure-
ments of death, stroke, recurrent MI, or unscheduled PCI, the
rates are therefore not directly comparable. None of the stud-
ies had the opportunity to evaluate stent-thrombosis [42, 43].
The WOEST trial was not powered to detect differences in
rates of mortality or thrombosis (main interest being death,
stent-thrombosis and recurrent MI), but the number of
events were reassuring with an all-cause mortality of 2.5 and
6.3 %, for the dual and triple treatment group, respectively,
p=0.03. Recurrent MI, stroke, or stent-thrombosis not being
numerical higher in the dual treatment group compared with
the triple group [2]. Clearly, the European Society of
Cardiology recommends thorough consideration of the anti-
thrombotic regimen following PCI in patients with an indica-
tion for oral anticoagulation (both stable and acute patients)
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[14, 15, 23]. Presences/absence of acute coronary syndrome,
individual assessment of bleeding risk, and type of stent are
important factors when determining duration of triple ther-
apy treatment. Bare-metal stent is preferred as stent choice in
patients at high risk of bleeding (recommended 4 weeks of
triple therapy). Drug-eluting stents can be used in patients
with low or intermediate risk of bleeding, the ‘-ilumus’ stents
(sirolimus, everolimus, and tacrolimus) requires at least 3
months of triple therapy, the paclitaxel-eluting stent at least 6
months. These recommendations will probably be challenged
in the future, as second-generation drug-eluting stents
(everolimus-eluting stent) in a recent meta-analysis have be
associated with a lower risk of stent thrombosis compared
with first-generation drug-eluting-stents and bare-metal
stents [31].

Triple Therapy: Aspirin, Clopidogrel and a Novel
Anticoagulant Therapy

Triple therapy with rivaroxaban, apixaban, or dabigatran
etexilate added on top of dual antiplatelet therapy with aspi-
rin and clopidogrel, has been tested in patients with acute
coronary syndrome, to explore whether a prolonged antico-
agulation could reduce the residual risk of thrombosis in
patients with MI [47-49]. Apixaban was added on top of
aspirin and clopidogrel in therapeutic doses (5 mg b.i.d.),
whereas rivaroxaban was used in lower dose than recom-
mended for oral anticoagulation (2.5 mg or 5.0 mg daily).
Dabigatran was tested in a phase II trial at different doses
(50 mg, 75 mg, 110 mg, 150 mg b.i.d.) on top of aspirin and
clopidogrel [47-49].

Rivaroxaban in Triple Therapy

The Anti-Xa Therapy to Lower Cardiovascular Eventsin
Addition to Standard Therapy in Subjects with Acute
Coronary Syndrome-Thrombolysis in Myocardial Infarction
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51 (ATLAS ACS 2-TIMI 51) included 15,526 acute coronary
syndrome patients randomized to the following treatments:
(1) Aspirin and clopidogrel, (2) Aspirin, clopidogrel, and riva-
roxaban 2.5 mg daily, (3) Aspirin, clopidogrel, and rivaroxa-
ban 5 mg daily. The lower dose of rivaroxaban was chosen,
since a phase-2 dose-finding trial found dose-dependent
increase of bleedings with higher doses of rivaroxaban, bleed-
ing rates being: 20 mg 15.3 %, 15 mg 12.7 %, 10 mg 10.9 %,
5mg 6.1 %, placebo 3.3 % [50]. Primary efficacy endpoint of
the ATLAS ACS 2-TIMI 51 trial was a combined endpoint of
cardiovascular death, myocardial infarction or stroke, the
safety endpoint was major bleeding (TIMI-major bleeding
definition). The mean duration of treatment with rivaroxaban
was approximately 1 year. The outcome of the study was:
reduced combined endpoint of cardiovascular death, myocar-
dial infarction or stroke in the groups receiving rivaroxaban
(8.9 % with combined rivaroxaban 2.5 and 5 mg, 10.7 % with
placebo, p=0.008). The safety endpoint was increased with
TIMI-major bleedings of 2.1 % with combined rivaroxaban
2.5 and 5 mg, and 0.6 % with placebo, p<0.001. Separate tests
of 2.5 and 5 mg showed reduction of the combined efficacy
endpoint (p=0.02 and 0.03, respectively) and increased fre-
quency of the safety endpoint (p<0.001 for both), though the
numbers of bleedings were numerically lower in the group
receiving 2.5 mg rivaroxaban compared with 5 mg (p=0.12).
In addition, rivaroxaban 2.5 mg reduced all cause mortality
[49].

Apixaban in Triple Therapy

The Apixaban for Prevention of Acute Ischemic Events 2
(APPRAISE-2)study explored in a population of patients
with acute coronary syndrome, the efficacy and safety of
apixaban 5 mg b.i.d. combined with either aspirin and clopi-
dogrel or aspirin alone against dual antiplatelet therapy with
aspirin and clopidogrel or aspirin monotherapy (pooled in
one group). The primary efficacy endpoint was a combined of
cardiovascular death, myocardial infarction or stroke, the
safety endpoint major bleeding (TIMI-major definition).
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Recruitment was planned to include 10,500 patients with
acute coronary syndrome, but was stopped prematurely after
randomization of approximately 7,000 patients, due to excess
of bleedings in the apixaban group, without benefit on the
efficacy endpoint. Among the patients included, with a mean
follow-up of 240 days, the efficacy endpoint of cardiovascular
death, myocardial infarction or stroke occurred in 7.5 and
7.9 % in the apixaban and placebo group, respectively
(p=0.51). The corresponding values for the safety endpoint
were: 1.3 % in the apixaban group, and 0.5 % in the placebo
group, p=0.001, with more fatal, intracranial and clinical rel-
evant non-major bleedings in the apixaban group [47].

Dabigatran in Triple Therapy

As for dabigatran, a phase III study in patients with acute
coronary syndrome has not been initiated. Dabigatran tested
on top of aspirin and clopidogrel in a Phase II trial lead to
more bleedings among patients treated with dabigatran (dose
dependent). The bleeding rates were: dabigatran 50 mg b.i.d
3.5 %,75 mg b.i.d 4.3 %, 110 mg b.i.d 7.9 %, and 150 mg b.i.d
7.8 %, the bleedings defined as major and clinical relevant
minor bleedings [48].A subgroup analysis of the Randomized
Evaluation of Long-Term Anticoagulation Therapy (RE-LY)
study was performed to test whether the safety and efficacy of
dabigatran was affected by concomitant antiplatelet therapy
(which was used in 38.4 % of the included patients at some
point during the study-period) [51]. The population in the
RE-LY study consisted of AF patients, the primary efficacy
endpoint being stroke or systemic embolism, the safety end-
point being bleeding. The main results of the subgroup analy-
sis confirmed the results from the main analysis that dabigatran
110 mg b.i.d. was non-inferior to warfarin, with less bleedings
irrespective of concomitant antiplatelet use. In patients with
dabigatran 150 mg the efficacy endpoint occurred less in
patients without antiplatelet therapy, with a reduced benefit
among those taking antiplatelet therapy (p for interac-
tion=0.06). Overall, the safety endpoint was similar in
patients with dabigatran 150 mg and warfarin irrespective of
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antiplatelet use. Since use of antiplatelet therapy changed dur-
ing the studyperiod the analyses of safety was also tested
time-dependently, showing increased risk of bleeding associ-
ated with antiplatelet use, a risk that was accentuated with the
number of antiplatelets used (HR 2.31; CI 1.79-2.98 for dual-
antiplatelet, HR 1.60; CI 1.42-1.82 for one antiplatelet, no
antiplatelet as reference) [6, 51].

Triple Therapy, Summary and Discussion

Use of antiplatelet therapy in combination with oral antico-
agulation can be necessary for limited time periods to pre-
vent serious thrombotic events as stroke, recurrent MI,
stent-thrombosis, and death. The treatment should be used
only during the period of time where the risk of thrombosis
is high, at present a maximum of 12 months is recommended
for patients with an indication of oral anticoagulation experi-
encing a MI (Table 6.2) [14, 15, 52, 53]. Combinational use of
oral anticoagulation and antiplatelet therapy increases the
risk of bleeding, both when considering triple therapy with
vitamin k antagonists, aspirin and clopidogrel and triple
therapy with a novel anticoagulant: rivaroxaban, apixaban or
dabigatran in combination with aspirin and clopidogrel.
Increased number of drugs accentuates the risk of bleeding,
as does increased doses of a novel anticoagulant drug [1, 42,
47-51]. Occurrence of a bleeding is followed by an increased
risk of thromboses and death, which might explain the bene-
ficial effect on all cause mortality of low dose rivaroxaban
(2.5 mg) in combination with aspirin and clopidogrel, but not
in the high doses, and the reduced mortality found in the
WOEST trial among patients receiving vitamin K antagonist
and clopidogrel, compared with patients in triple therapy.

In clinical settings where triple therapy is indicated combi-
nations of vitamin K antagonist or dabigatran 110 mg, aspirin
and clopidogrel can be used [14, 15, 51-53]. Rivaroxaban has
not been tested in combination with aspirin and clopidogrel
in doses recommended for e.g. AF or pulmonary embolism,
since the doses of rivaroxaban used in the ATLAS-ACS
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2-TIMI 51 study was reduced (2.5 and 5 mg) [49]. Triple
therapy with apixaban, aspirin, and clopidogrel cannot be
recommended at present since an increased risk of bleeding
was found in the APPRAISE-2 study (when compared with
dual treatment of aspirin and clopidogrel), however it is cur-
rently unknown whether this risk is higher than other combi-
nations of triple therapy since no study has made direct
comparison [47]. Results from the WOEST trial indicates
that dual-therapy with vitamin K antagonists is associated
with reduced risk of bleeding, without increased risk of
thrombosis. Unfortunately the study was not powered to
detected difference in thrombotic events e.g. stent-thrombosis,
but the results are reassuring and support that dual therapy
with clopidogrel and vitamin K-antagonist can be used as a
safer combination in patients at high risk of bleeding [2, 52].
At present, there are no published studies available address-
ing the combinational use of oral anticoagulation, aspirin and
the newer P2Y | inhibitors prasugrel and ticagrelor, thus the
efficacy and safety of these combinations is currently
unknown and cannot be recommended.

Triple Therapy in Everyday Care

Assessment of Bleeding Risk: Different Bleeding
Risk Schemes

Individual assessment of bleeding risk is important every
time an antithrombotic treatment is initiated, since bleeding
is known to increase risk of recurrent thrombosis and death
[1, 12]. Several risk schemes have been developed in
patients with AF [54-56] and patients with acute coronary
syndrome [57, 58], assessing both in-hospital bleeding and
long-term bleeding. Some of the validated risk scores for
AF are: (1) the HAS-BLED risk score (Hypertension,
Abnormal Renal/Liver Function, Stroke, Bleeding History
or Predisposition, Labile International Normalized Ratio,
Elderly, Drugs/Alcohol), (2) the HEMORR(2)HAGES risk
score (Hepatic or Renal Disease, Ethanol Abuse, Malignancy,
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Older Age, Reduced Platelet Count or Function,
Re-Bleeding, Hypertension, Anemia, Genetic Factors,
Excessive Fall Risk and Stroke), and (3) the ATRIA risk
score (Anticoagulation and Risk Factors in Atrial
Fibrillation) [54-56]. The risk scores for patients with acute
coronary syndrome are: (1) The GRACE score (the Global
Registry of Acute Coronary Events),and (2) The CRUSADE
risk score (Can Rapid Risk Stratification of Unstable
Angina Patients Suppress Adverse Outcomes with Early
Implementation of ACC/AHA Guidelines) [57, 58]. The
risk-schemes are based on individual risk factors associated
with increased bleeding risk, the strongest ones being age,
renal failure, and previous bleeding [54, 57-59]. Differences
in the predictive values of the risk schemes have been esti-
mated. In patients with AF the HAS-BLED risk score has
shown to be superior compared with HEMORR(2)HAGES,
and ATRIA [59, 60]. In patients with acute coronary syn-
drome no difference of the predictive value of the
CRUSDADE and the GRACE risk scores was found [61].
In the guidelines of management of AF and patients with
acute coronary syndrome it is recommended that individual
bleeding risk is assessed, recommending the HAS-BLED
score in AF patients, but without a direct recommendation
of one risk score in patients with acute coronary syndrome
[14, 15, 53]. In general, bleeding risk scores should be con-
sidered as an objective clinical tool, which can be helpful in
selecting the most appropriate antithrombotic regimen for a
given clinical situation [14, 23].

Additional Proton-Pump Inhibitors?

The use of proton-pump inhibitors (PPIs) in acute coronary
syndrome have been debated heavily. It has been suspected
that interaction with clopidogrel during inhibition of the
cytochrome P2C19 system could reduce the inhibition of the
platelets and thus increase the risk of serious thromboem-
bolic events [62]. PPIs are used in approximately 30 % of
patients with ACS [63, 64], thus great effort has been made to
explore this question. Analyses of both observational studies
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and randomized trials have shown comparable risk of throm-
botic events among those treated with or without PPIs while
receiving a P2Y , inhibitor (clopidogrel or prasugrel) [63-65].
In a randomized trial of patients with an indication of dual
antiplatelet therapy testing omeprazol towards placebo,
found that omeprazol reduced gastrointestinal bleeding from
2.91to 1.1 %, p<0.001 [65]. The strongest predictors of upper
gastrointestinal bleeding are: use of NSAIDs, steroids, oral
anticoagulation, previous gastrointestinal bleeding, and
patients with helicobacter pylori infection [66, 67].1t is recom-
mended that at least patients with these characteristics
should receive concomitant PPIs while taking antithrombotic
medications as gastric protection, especially if the treatment
counts more than one antithrombotic drug [14, 15, 23].

Level of INR

Variance of the International Normalized Ratio (INR) values
in patients treated with vitamin K antagonists is a predictor of
increased risk of bleeding (INR >2.6) [23]. Based on two
smaller studies it is recommended in AF patients treated with
vitamin K antagonist and dual antiplatelet therapy that target
INR is kept between 2.0 and 2.5 (Class I1a, evidence level c) [23,
68, 69]. Considering the results from the WOEST trial, patients
that are difficult to keep within INR 2.0-2.5 could be consid-
ered candidates for a reduced dual antithrombotic therapy regi-
men with vitamin K antagonist treatment combined with
clopidogrel. Although this was not directly studied in the
WOEST trial the safety of this regimen was reassuring [2].

Duration of Triple Therapy

Bleeding risk is clearly increased with triple therapy, thus it is
highly important to minimize exposure to triple therapy and
keep the treatment period as short as possible. Recommended
treatment length is dependent on presence/absence of acute
coronary syndrome, risk of bleeding and type of stent used in
patients treated with PCI. Table 6.3 shows recommendation
set by the European Society of Cardiology [23]. In general,
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bleedings occur early after initiation of triple therapy. In the
WOEST trial most bleedings occurred within 180 days, and a
Danish study exploring the timing of bleeding showed the

TaBLE 6.3 Recommended antithrombotic strategies following coro-
nary artery s tenting in patients with AF in which oral anticoagula-
tion is required

Haemorrhagic Clinical  Stent

risk setting implanted Recommendations
Low or Elective  Bare metal 1 month: triple therapy
intermediate of warfarin (INR 2.0-2.5)

+ aspirin <100 mg/day +
clopidogrel 75 mg/day

Lifelong: warfarin (INR
2.0-3.0) alone

Elective  Drugeluting 3 (—olimus group) to
6 (paclitaxel) months:
triple therapy of
warfarin (INR 2.0-2.5)
+ aspirin <100 mg/day +
clopidogrel 75 mg/day

Up to 12 months:
combination of warfarin
(INR 2.0-2.5) +
clopidogrel 75 mg/day
(or aspirin 100 mg/day)®

Lifelong: warfarin (INR
2.0-3.0) alone

ACS Bare metal/ 6 months: triple therapy
drug eluting of warfarin (INR 2.0-2.5)
+ aspirin <100 mg/day +
clopidogrel 75 mg/day

Up to 12 months:
combination of warfarin
(INR 2.0-2.5) +
clopidogrel 75 mg/day
(or aspirin 100 mg/day)®

Lifelong: warfarin
(INR 2.0-3.0) alone

(continued)
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TaBLE 6.3 (continued)

Haemorrhagic Clinical Stent
risk setting implanted Recommendations

High Elective  Bare metal® 2-4 weeks: triple therapy
of warfarin (INR 2.0-2.5)
+ aspirin <100 mg/day +
clopidogrel 75 mg/day

Lifelong: warfarin (INR
2.0-3.0) alone

ACS Bare metal® 4 weeks: triple therapy of
warfarin (INR 2.0-2.5)
+ aspirin <100 mg/day +
clopidogrel 75 mg/day

Up to 12 months:
combination of warfarin
(INR 2.0-2.5) +
clopidogrel 75 mg/day
(or aspirin 100 mg/day);
mg/day)?

Lifelong: warfarin (INR
2.0-3.0) alone

Printed with permission from European Heart Journal

INK international normalized ratio, ACS acute coronary syndrome
*Combination of warfarin (INK 2.0-2.5) + aspirin <100 mg/day may be
considered as an alternative

*Drug-eluting stents should be avoided

highest risk of bleeding during the first 90 days, but with a
bleeding incidence of >10 % the first 180 days [2, 42].
Estimating baseline risk of bleeding before initiation of triple
therapy is warranted, along with concurrent initiation of gas-
tric protection with PPIs. In addition a planned determina-
tion of triple treatment according to recommendations
should be set, to avoid inappropriate prolonged therapy.
Figure 6.1 provides a checklist of considerations before initi-
ating triple therapy in a patient.
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1 Is there a clear indication for oral
anticoagulation*?
Yes /\No
Presence of MI?t Presence of MI?£
2 PCI: What type of stent?+ PCI: What type of stent? ££
3
4 Determine recommended Determine recommended
length of triple therapy §§ length of dual antiplatelet
therapy

5Q'sand A’s

. Does the patient receive prasugrel or ticagrelor? . Change to clopidogrel

. Does the patient receive apixaban or rivaroxaban? 2. Change to vitamin K antagonists or dabigatran

110 mg b.id

. Change to dabigatran 110 mg b.i.d while in triple
therapy

. Consider target INR between 2.0-2.5

. PPls are recommended

. Triple therapy should be kept as short as
possible

. Does the patient receive dabigatran 150 mg?
. INR controls planned?

. Gastric protection prescribed?

. Plan for discontinuation of triple therapy?

oA W N =
oo s W o=

* Most common indications for oral anticoagulation are: AF**, venous thromboembolism, prosthetic heart valves.
**Evaluation of thrombotic risk in AF patients by e.g. CHA,DS,VASc-score: oral anticoagulation is usually
recommended for CHA, DS, VASc 21 (unless if 1 point is for female sex).

1Triple therapy is recommended for 1-12 months depending on the risk of bleeding §§

11Without MI: bare-metal stent 1 months triple therapy, drug-eluting stents 3-6 months triple therapy (depending stent
-type). With Ml 1-12 months triple therapy depending n stenttype and bleeding risk §§

§ Evaluation by use of a bleeding risk scheme e.g. HAS-BLED, CRUSADE bleeding risk, if high bleeding risk consider
dual treatment with oral anticoagulation and clopidogrel

§§Use Table 3 for guidance

£ Dual antiplatelet therapy for 12 month

££ Dual antiplatelet therapy for 1-12 month depending on stenttype.

Ficure 6.1 Everyday care: checklist when you consider triple therapy

Conclusions

Triple therapy with dual antiplatelet therapy and oral antico-
agulation can be indicated in certain clinical situations, usu-
ally for a limited period of time to prevent serious thrombotic
events. Triple therapy increases the risk of bleeding, and



206 R. Sgrensen and G. Gislason

continuous evaluation of the appropriateness of current anti-
thrombotic treatment is highly important, since patients who
experience a bleeding have a poorer prognosis. Recommended
duration of triple therapy is dependent on presence/absence
of acute coronary syndrome, risk of bleeding and type of
stent used in patients treated with PCI. Triple therapy should
be kept as short as possible, and include oral anticoagulation
of vitamin K antagonist or dabigatran 110 mg b.i.d, aspirin,
and clopidogrel.
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Chapter 7

Management of Bleeding
Complications

Marcel Levi

Introduction

Anticoagulant agents are often used for prevention and
treatment of a wide range of cardiovascular diseases, includ-
ing acute coronary syndromes. The most frequently used
anticoagulants are heparin or its derivatives, vitamin K
antagonists (such as warfarin or coumadin) and antiplatelet
agents, including aspirin and thienopyridine derivatives,
such as clopidogrel or prasugrel. A myriad of clinical studies
have demonstrated that these agents (alone or in combina-
tion) can prevent or treat acute or chronic thrombo-embolic
complications, such as in patients with atrial fibrillation or
prosthetic heart valves, after myocardial infarction, percuta-
neous coronary interventions, or ischemic stroke, and in
patients with venous thrombosis or pulmonary embolism [1].
The most important complication of treatment with antico-
agulants is hemorrhage, which may be serious, may cause
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long-term debilitating disease, or may even be life-threaten-
ing [2, 3]. In a very large series of 34,146 patients with acute
ischemic coronary syndromes, anticoagulant-associated
bleeding was associated with a 5-fold increased risk of death
during the first 30 days and a 1.5-fold higher mortality
between 30 days and 6 months [4]. Major bleeding was an
independent predictor of mortality across all subgroups that
were analyzed. In some clinical situations the incidence of
serious bleeding complications may annihilate or even over-
whelm the efficacy of antithrombotic agents, as has been
shown in the secondary prevention of patients with ischemic
stroke by vitamin K antagonists [S]. Nevertheless, in many
situations clinical studies show a favorable balance between
efficacy and safety in favor of anticoagulant treatment.
However, if severe bleeding occurs or if a patient needs to
undergo an urgent invasive procedure, such as emergency
surgery, it may be necessary to reverse the anticoagulant
effect of the various agents [6]. Depending on the clinical
situation, i.e. the severity of the bleeding or the urgency and
estimated risk of the invasive procedure, this reversal may
take place in a few hours, but in some cases immediate
reversal is necessary (Table 7.1) [7, 8]. Generally, each
(immediate) reversal of anticoagulant treatment needs also
to take into consideration the indication for the antithrom-
botic agents. For example, the interruption of combined
aspirin and clopidogrel treatment in a patient in whom
recently an intracoronary stent has been inserted will mark-
edly increase the risk of acute stent thrombosis with conse-
quent downstream cardiac ischemia or infarction. Likewise,
in a patient with a prosthetic mitral valve and atrial fibrilla-
tion, interruption of vitamin K antagonists may increase the
risk of valve thrombosis and cerebral or systemic embolism.
Each of these specific clinical situations requires a careful
and balanced assessment of the benefits and risks of revers-
ing anticoagulants (and potential strategies to keep the
period of reversal as short as possible). In this chapter, we
will describe the various strategies to reverse the anticoagu-
lant effect of currently most widely used antithrombotic
agents and the new generation of anticoagulants.
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Incidence and Risk Factors for Bleeding
in Patients on Anticoagulants

In well-controlled patients in clinical trials treatment with
heparin or vitamin K antagonists (VKA’s) increase the risk of
major bleeding by 0.5 %/year and the risk of intracranial hem-
orrhage by about 0.2 %/year [9]. The most important risk fac-
tor for hemorrhage in users of anticoagulants is the intensity
of the anticoagulant effect [9]. Studies indicate that with a
target INR of >3.0 the incidence of major bleeding is twice as
large as in studies with a target INR of 2.0-3.0 [10]. In a meta-
analysis of studies in patients with prosthetic heart valves, a
lower INR target range resulted in a lower frequency of major
bleeding and intracranial hemorrhage with a similar anti-
thrombotic efficacy [11]. A retrospective analysis of outpa-
tients using warfarin who presented with intracranial
hemorrhage demonstrated that the risk of this complication
doubled for each 1 unit increment of the INR [12]. Patient
characteristics constitute another important determinant of
the bleeding risk bleeding. Elderly patients have a 2-fold
increased risk of bleeding [13] and the relative risk of intracra-
nial hemorage (in particular at higher intensities of anticoagu-
lation) was 2.5 (95 % CI 2.3-9.4) in patients >85 years
compared to patients 70-74 year old [14]. Recently, genetic
factors have been identified that may affect the risk of bleed-
ing. Common polymorphisms in the P450 CYP2C9 enzyme
were found to be associated with slow metabolism of VKA’s
and (possibly) a higher risk of bleeding [9, 15]. Other genetic
factors that may influence the requirement of VKA’s are vari-
ants in the vitamin K epoxide reductase complex subunit 1
gene (VKORCI) [16]. Co-morbidity, such as renal or hepatic
insufficiency, may also significantly increase the risk of bleed-
ing. A case-control study in 1,986 patients on VKA’s showed
that this comorbidity increased the risk of bleeding by about
2.5 [17]. Another very important determinant of the risk of
bleeding is the use of other medication, in particular agents
affecting platelet function. Two meta-analyses, comprising 6
trials with a total of 3,874 patients and 10 trials with a total of
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5,938 patients, found a relative risk of major bleeding when
VKA'’s or heparin were combined with aspirin of 2.4 (95 % CI
1.2-4.8) and 2.5 (95 % CI 1.7-3.7), respectively [18, 19]. A
population-based case-control study confirmed the high risk
of upper gastro-intestinal bleeding in patients using VKA’s in
combination with aspirin and/or clopidogrel [20]. Non-
steroidal anti-inflammatory agents (NSAIDs) are also associ-
ated with an enhanced risk of gastro-intestinal bleeding. The
combined use of VKA’s and NSAIDs may result in an 11-fold
higher risk of hospitalization for gastro-intestinal bleeding as
compared to the general population [21]. This risk is not sig-
nificantly lower when using selective inhibitors of COX-2 [22].

Heparin and Low Molecular Weight
(LMW) Heparin

Heparin and heparin derivatives act by binding to antithrom-
bin and thereby about 1,000-fold potentiating the anticoagu-
lant effect of this endogenous inhibitor towards thrombin
and factor Xa (and some other coagulation factors). Heparin
has a relatively short half life of about 60-90 min and there-
fore the anticoagulant effect of therapeutic doses of heparin
will be mostly eliminated at 3—4 h after termination of con-
tinuous intravenous administration [23]. The anticoagulant
effect of high dose subcutaneous heparin, however, will take
a longer time to abolish. If a more immediate neutralization
of heparin is required, intravenous protamine sulphate is the
antidote of choice. Protamine, derived from fish sperm, binds
to heparin to from a stable biologically inactive complex.
Each mg of protamine will neutralize approximately 100
units of heparin. Hence, the protamine dose in a patient on a
stable therapeutic heparin dose of 1,000-1,250 U/h should be
about 25-30 mg (sufficient to block the amount of heparin
given in the last 2-3 h). The maximum dose of protamine is
50 mg. Since the half-life of protamine is only about 10 min,
the reversal of therapeutic dose subcutaneous heparin
requires a repeated infusion of protamine sulphate
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(e.g.repeated after 1 h). The effect of protamine can be moni-
tored by measuring the activated partial thromboplastin time
(aPTT), which should normalize after its administration.

The reversal of LMW heparin is more complex, as prot-
amine sulphate will only neutralize the anti-factor Ila activity
and has no or only partial effect on the smaller heparin frag-
ments causing the anti-factor Xa activity of the compound
[24,25]. The net effect of protamine reversal of LMW heparin
is not completely clear. There are no clinical studies that have
systematically studied this and small case series and experi-
mental animal studies show contradictory results [25-27]. As
the aPTT is not useful as a monitoring assay when using
LMW heparin, it can also not be used for the monitoring of
the neutralizing effect of protamine. Given the relatively long
half-life of LMW heparin, the lack of an adequate strategy to
reverse its anticoagulant action may sometimes cause a prob-
lem in clinical situations. A practical approach is to give 1 mg
of protamine per 100 anti-factor Xa units of LMW heparin
given in the last 8 h (whereas 1 mg of enoxaparin equals 100
anti-factor Xa units). If bleeding continues, a second dose of
0.5 mg per 100 anti-factor Xa units can be given.

The most important adverse effect of protamine is an
allergic response, including hemodynamic and respiratory
problems [28]. Most adverse reactions can be prevented or
minimized by slowing the rate of administration of the drug
or by pretreatment with steroids and antihistamines. Risk fac-
tors for an adverse reaction are sensitivity to fish (as may
occur in traditional fishermen that are often exposed to fish
proteins when cutting themselves), a history of vasectomy
(which may demolish the blood-testis barrier with conse-
quent formation of anti-semen antibodies) and a history of
receiving protamine sulphate containing insulin. Initial
reports that the use of protamine sulphate could lead to an
increased risk of rebound thrombosis, in particular ischemic
stroke [29, 30], were not confirmed in a recent randomized
controlled study [31].

There are some other strategies to reverse (mostly unfrac-
tionated) heparin, such as platelet factor-4, heparanase, or
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extracorporeal heparin-removal devices, but none of these
approaches have been properly evaluated and they are not
currently approved for clinical use [32-34].

Pentasaccharides

Pentasaccharides are recently developed synthetic com-
pounds that effectively bind and potentiate antithrombin to
block factor Xa. Since they lack the additional glycosamino-
glycan saccharide residues to bind to thrombin, it has an
effect on factor Xa exclusively. The prototype pentasaccha-
ride (and the only one approved for clinical use so far) is
fondaparinux. Another pentasaccharide that is currently
under study is idraparinux. The main difference between
these two agents is the elimination half-life, which is 15-20 h
for fondaparinux and 5% days for idraparinux. This means
that idraparinux can be administered once weekly, which
renders the subcutaneous route of administration less cum-
bersome. Pentasaccharides were shown to be effective in the
prophylaxis and treatment of venous thromboembolism and
are currently evaluated in other types of thrombosis [35]. The
(very) long half-life of pentasaccharides necessitates the
availability of a suitable antidote if major bleeding compli-
cates the treatment, which may especially occur in patients
that are treated with therapeutic doses of this type of antico-
agulation. So far, there is no antidote for pentasaccharides
that has been studied in controlled clinical studies [36]. The
only agent that has been systematically evaluated to reverse
the anticoagulant effect of pentasaccharides is recombinant
factor VIla (rVIIa). Two randomized placebo-controlled
studies in healthy volunteers have tested the hypothesis that
rVIla may be useful as a suitable antidote for pentasaccha-
ride anticoagulation [37, 38]. In the first study 16 subjects
were treated with therapeutic doses of the pentasaccharide
fondaparinux and after 2 h (at the time of maximal antico-
agulation) challenged with rVIIa or placebo. Injection
of rVIla (90 pg/kg) after fondaparinux normalized the
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prolonged aPTT and prothrombin time (PT) and reversed
the decrease in prothrombin activation fragments 1+2
(F(1+2)), as observed with fondaparinux alone. Thrombin-
generation time and endogenous thrombin potential, which
were inhibited by fondaparinux, normalized up to 6 h after
rVIla injection. In the second study 12 subjects received a
single s.c. dose of 7.5 mg idraparinux (which is 3 fold higher
than the currently recommended dose). The inhibition of
thrombin generation by idraparinux, as reflected by an
increased thrombin generation time (TGT) and decreased
level of prothrombin fragment 1+2 (F, ), was partially
reversed by injection of rVIIa 3 h after idraparinux adminis-
tration. The administration of rVIIa 1 week after treatment
with idraparinux (when much lower, though still therapeutic,
doses of the pentasaccharide were present) resulted in an
nearly complete reversal of anticoagulation, reflected by nor-
malization of thrombin generation time and other markers of
thrombin generation. As mentioned, there are no controlled
trials in patients who present with pentasaccharide-induced
bleeding but there is some anecdotal experience suggesting
that rVIIa may indeed be able to stop bleeding in patients
anticoagulated with fondaparinux.

Vitamin K Antagonists

When interrupting the administration of VKA’s important
differences in the half-lives of the various agents (9 h for
acenocoumarol, 36-42 h for warfarin, and 90 h for phen-
procoumon, respectively) need to be taken into account [39].
The most straightforward intervention to counteract the
effect of VKA’s is the administration of vitamin K [40]. There
is quite some debate on the use of vitamin K in patients with
a too high INR but no signs of bleeding. However, a recent
randomized controlled trial did not find any difference in
bleeding or other complications in nonbleeding patients with
INR values of 4.5 to 10 that were treated with vitamin K or
placebo [41]. In patients with clinically significant bleeding
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administration of vitamin K is crucial to reverse the antico-
agulant effect of VKA'’s. Vitamin K can be given orally and
intravenously, whereas the parenteral route has the advan-
tage of a more rapid onset of the treatment [42]. After the
administration of i.v. vitamin K, within 2 h the INR will start
to drop and will be completely normalized within 12-16 h
[43], whereas after oral administration it will take up to 24 h
to normalize the INR [40]. Intramuscular injections of vita-
min K should be avoided in patients who are anticoagulated
and subcutaneous administration of vitamin K results in a
less predictable bioavailability [42]. A potential concern with
the use of parenteral vitamin K is the occurrence of anaphy-
lactic reactions, although the incidence of this complication is
very low, in particular with the more modern micelle prepara-
tions [44].

In case of very serious or even life-threatening bleeding,
immediate correction of the INR is mandatory and can be
achieved by the administration of vitamin K-dependent
coagulation factors. Theoretically, these factors are present in
fresh frozen plasma, however, the amount of plasma that is
required to correct the INR is very large, carries the risk of
fluid overload, and will probably take hours to administer
[45]. Therefore, prothrombin complex concentrates (PCC’s),
containing all vitamin K-dependent coagulation factors, are
more useful. Although PCC’s can indeed be given using fixed
dose schemes, it has been shown that individualized dosing
regimens based on INR at presentation and body weight are
more effective [46]. In a prospective study in patients using
VKA and presenting with bleeding also found that PCC’s
resulted in at least satisfactory and sustained hemostasis in
98 % [47]. In recent years the safety of PCC’s, in particular
regarding the transmission of blood-borne infectious dis-
eases, has markedly improved owing to several techniques,
such as pasteurization, nanofiltration, and addition of solvent
detergent. The risk of disseminated intravascular coagulation
(DIC) due to traces of activated coagulation factors in PCC’s
comes from older literature and modern PCC’s seem not to
be associated with eliciting DIC [48].
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New Direct Factor Xa Inhibitors

In recent years a large number of new antithrombotic agents
has been developed and tested in clinical trials and many of
these new agents will become available for clinical practice in
the very near future [49]. The need for new anticoagulant
agents is quite obvious; Firstly, the current agents are insuffi-
ciently effective. For example 10-15 % of patients undergo-
ing major orthopedic surgery develop venous
thromboembolism, despite prophylaxis with low molecular
weight (LMW) heparin [50]. Furthermore, the available anti-
coagulants are relatively unsafe, mostly due to the occurrence
of bleeding as discussed hereabove. Lastly, current
anticoagulant agents are often cumbersome with regards to
their clinical use, requiring repeated laboratory control and
frequent dose adjustments. Increasing knowledge on the
function of the haemostatic system in vivo has resulted in a
new generation of anticoagulant agents.

Some of these new class of anticoagulants are directed at
factor Xa. Prototypes of these agents are rivaroxaban and
apixaban, which have shown promising results in clinical
studies [51, 52]. In trials in patients with acute venous throm-
boembolism rivaroxaban and apixaban were as effective as
LMW heparin but rivaroxaban was associated with a lower
incidence of bleeding complications (2.2 % versus 8.8 %) [53,
54]. Rivaroxaban was also studied in patients with acute coro-
nary syndromes and showed a dose-dependent efficacy but
also increased rates of major bleeding at higher doses [55].
Similarly, apixaban showed a similar pattern and exhibited
2.5 fold increased bleeding rates, in particular in patients
using simultaneous anti-platelet agents [56]. Taken together,
compared to LMW heparin direct factor Xa inhibitors result
at doses achieving equivalent efficacy a lower bleeding risk
and at doses achieving higher efficacy a similar bleeding risk.
This means that for some clinical situations these drugs may
represent an important improvement, however, the risk of
(major) bleeding is still present. Recently it was shown that
the administration of prothrombin complex concentrate
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Thrombin generation
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FIGURE 7.1 Restoration of rivaroxaban-induced impaired thrombin
generation, measured by endogenous thrombin potential (ETP), by
administration of prothrombin complex concentrates (squares) as
compared to placebo (circles) in healthy volunteers. Mean +SD are
reported, the difference between the two groups is statistically
significant (p<0.001 Repeated Measures ANOVA)

(PCC) resulted in a correction of the prolonged prothrombin
time and restored depressed thrombin generation after riva-
roxaban treatment in a controlled trial in healthy human
subjects (Fig. 7.1) [57]. The effect of PCC’s on reversal of the
anticoagulant effect of oral factor Xa inhibitors was con-
firmed in a series of experiments in animals and human sub-
jects [58-60]. The clinical efficacy in bleeding patients,
however, needs to be established.

Direct Thrombin Inhibitors

Another important group of new anticoagulants is the class
of direct thrombin inhibitors. Thrombin is the central enzyme
in the coagulation process, not only mediating the conversion
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of fibrinogen to fibrin, but also being the most important
physiological activator of platelets and various other coagula-
tion factors. Inhibition of thrombin can be achieved by
administration of heparin, but in view of the limited capabil-
ity of the heparin-antithrombin complex to inhibit surface-
bound thrombin, new antithrombin-independent
anticoagulants have been developed [61]. Prototype of these
thrombin inhibitors is hirudin, originally derived from the
saliva from leeches (hirudo medicinalis) and nowadays pro-
duced by recombinant technology. Melagatran is a synthetic
thrombin inhibitor, which has predictable pharmacokinetic
properties and can thus be used in a fixed dose [62].
Moreover, the pro-drug ximelagatran is relatively quickly
absorbed after oral ingestion and results in a sufficient sys-
temic availability, rendering this agent suitable for long-term
use as oral anticoagulant. Despite clinical trials on prevention
and treatment of venous thromboembolism and in patients
with atrial fibrillation showing a promising efficacy of ximela-
gatran, the compound has been withdrawn by the manufac-
turer, due to the occurrence of enhanced liver enzymes in
6-7 % of patients. Recently, dabigatran, also a direct throm-
bin inhibitor with good and relatively stable bioavailability
after oral ingestion, has been introduced and licensed for
prevention of venous thromboembolism after orthopedic
surgery. Indeed, clinical trials evaluating dabigatran against
LMW heparin in patients undergoing major othropedic sur-
gery show similar or slightly better efficacy of the direct
thrombin inhibtor and similar bleeding rates [63, 64]. The
largest group of patients using long-term anticoagulants,
however, are those with atrial fibrillation. In these patients
dabigatran (150 mg twice daily) showed a significantly lower
rate of thromboembolic complications compared to warfarin
(relative risk 0.66; 95 % confidence interval 0.53-0.82) but
also a slightly lower risk of major hemorrhage (3.11 %/year
in the dabigatran group versus 3.36 %/year in the warfarin
group) [65]. Based on these findings and if confirmed by
other ongoing major trials, it may be quite likely that in the
future oral anticoagulant treatment with vitamin K antagonists
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is going to be replaced by treatment with directly acting anti-
coagulants, such as direct thrombin inhibitors. However, the
risk of major bleeding is still relatively large and requires
adequate management strategies.

For each of the direct thrombin inhibitors no established
antidote is available in case of serious bleeding complicating
the anticoagulant treatment. Again, the half-life of most of
the agents is relatively short, hence in case of less serious
bleeding interruption of treatment will be sufficient to
reverse the anticoagulant effect. However, if immediate
reversal is required, it is not clear which would be the best
strategy. In a controlled clinical study in healthy subjects the
melagatran-induced effects on aPTT, thrombin generation
and platelet activation were not affected by the administra-
tion of rVIla [66]. Also, in human subjects challenged with
dabigatran there was no reversal of the anticoagulation by
administration of prothrombin complex concentrates [57].
An experimental study of intracerebral hematoma in
dabigatran-treated rats, however, demonstrated that rela-
tively high doses of prothrombin complex concentrates were
able to reduce hematoma volume [67].

Aspirin

Aspirin is effective in the secondary prevention of athero-
thrombotic disease, in particular coronary artery disease,
cerebrovascular thromboembolism and peripheral arterial
disease [68]. As a consequence, aspirin is one of the most
widely used agents in the Western world. Aspirin increases
the risk of bleeding, in particular gastro-intestinal bleeding,
and has been associated with a small but consistent increase
in intracerebral hemorrhage. In addition, it has been shown
that the use of aspirin is associated with increased periopera-
tive blood loss in major procedures, although this does not
necessarily translates into clinically relevant endpoints, such
as the requirement for transfusion or re-operation [69]. Over
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the last years the approach to the patient who uses aspirin
and who presents with bleeding or needs to undergo an inva-
sive procedure has changed considerably. In fact, in current
clinical practice bleeding can almost always be managed with
local hemostatic procedures or conservative strategies with-
out interrupting aspirin and also most invasive procedures do
not require the cessation of aspirin when adequate attention
is given to local hemostasis. In contrast, interruption of aspi-
rin has been associated with an increased risk of thromboem-
bolic complications, potentially due to a rebound
hypercoagulability. Obviously,in special clinical circumstances,
such as intracranial bleeding or the need to undergo a neuro-
surgical or ophthalmic procedure, the anti-hemostatic effect
of aspirin needs to be reversed immediately. The most rigor-
ous measure to achieve that is the administration of platelet
concentrate after cessation of aspirin. Another approach is
the administration of de-amino d-arginin vasopressin
(DDAVP, desmopressin). DDAVP is a vasopressin analogue
that despite minor molecular differences has retained its
antidiuretic properties but has much less vaso-active effects
[70]. DDAVP induces release of the contents of the endothe-
lial cell associated Weibel Palade bodies, including von
Willebrand factor. Hence, the administration of DDAVP
results in a marked increase in the plasma concentration of
von Willebrand factor (and associated coagulation factor
VIII) and (also by yet unexplained additional mechanisms) a
remarkable augmentation of primary hemostasis as a conse-
quence. DDAVP is effective in patients with mild hemophilia
A or von Willebrand’s disease and in patients with qualitative
platelet defects, such as in uremia or liver cirrhosis. DDAVP
seems also capable of correcting the aspirin-induced platelet
dysfunction, although large clinical studies employing rele-
vant outcome parameters are missing [71]. The combined
effect of platelet concentrate and subsequent administration
of DDAVP has also been advocated to correct the aspirin
effect on platelets. The standard dose of DDAVP is 0.3-0.4 pg/
kg in 100 ml saline over 30 min and its effect is immediate.
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Thienopyridine Derivatives

Clopidogrel, prasugrel and ticagrelor belong to the class of
thienopyridine derivatives, which act by blocking the adenos-
ine diphosphate (ADP) receptor on the platelet. Clinical
studies have shown that clopidogrel is as good as aspirin in
the secondary prevention of atherothrombotic events [72].
Importantly, the combination of aspirin and clopidogrel is
vastly superior over aspirin alone in patients who have
received intracoronary stents or in other patients with high
risk coronary artery disease. There is ample evidence that
dual platelet inhibition of aspirin plus clopidogrel has a sig-
nificantly higher efficacy than aspirin alone in patients with
acute coronary syndromes who have undergone coronary
interventions for at least a year (and possibly longer) after
the event. However, the increased efficacy of the combined
use of aspirin and clopidogrel is also associated with a signifi-
cantly higher bleeding risk [73]. Prasugrel is another thieno-
pyridine derivative that after rapid and almost complete
absorption after oral ingestion irreversibly binds to the ADP
receptor. Prasugrel has a stronger anti-platelet effect than
clopidogrel because of more effective metabolism and less
dependence of cytochrome P450 enzymes that may be sub-
ject to genetic polymorphisms [74]. Prasugrel was shown to
be more effective than clopidogrel in preventing ischemic
events in patients with ST elevation myocardial infarction
undergoing primary percutaneous coronary interventions
(with or without stent) [75]. Rates of major bleeding were
similar between clopidogrel and prasugrel, however, the rate
of serious bleeding in patients requiring emergency coronary
artery bypass grafting (CABG) was higher in the prasugrel
group. In patients with acute coronary syndromes prasugrel
was also more effective than clopidogrel in preventing car-
diovascular death, myocardial infarction and stroke, however,
major bleeding rates were higher in the prasugrel group
(2.4 % versus 1.8 %) [76]. Of note, this disadvantage of pra-
sugrel did not outweigh the efficacy benefit, and the net clini-
cal benefit (defined as the efficacy gain minus the increased
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risk of major bleeding) was preserved in favour of prasugrel.
Ticagrelor is a cyclopentyltriazolopyrimidine that differs
from thienopyridines (ticlopidin, clopidogrel, prasugrel), as
ticagrelor is not a prodrug requiring active biotransformation
by cytochromes in the liver and thus is characterized by a
more rapid, more effective and more consistent platelet inhi-
bition than ticlopidin or clopidogrel [77]. The Platelet
Inhibition and Patient Outcomes (PLATO) trial determined
whether ticagrelor was superior to clopidogrel for the
prevention of vascular events and death in a broad popula-
tion of patients presenting with an acute coronary syndrome
[78]. treatment with ticagrelor as compared with clopidogrel
significantly reduced the rate of death from vascular causes,
myocardial infarction, or stroke. The ticagrelor and clopido-
grel groups did not differ significantly with regard to the rates
of major bleeding as defined in the trial or according to the
Thrombolysis in Myocardial Infarction (TIMI) criteria. The
two treatment groups did not differ significantly in the rates
of CABG-related major bleeding or bleeding requiring trans-
fusion of red cells. However, in the ticagrelor group, there was
a higher rate of non-CABG-related major bleeding accord-
ing to the study criteria and the TIMI criteria. With ticagrelor
as compared with clopidogrel, there were more episodes of
intracranial bleeding, including fatal intracranial bleeding.
However, there were fewer episodes of other types of fatal
bleeding in the ticagrelor group. Recently, a fourth thieno-
pyridine derivative has been introduced: cangrelor. The
advantage of this compound over the other members of this
group is the faster onset of action, which may be critical in
acute coronary syndromes. However, two major clinical trials
comparing cangrelor with clopidogrel in patients undergoing
percutaneous coronary interventions did not show a higher
efficacy of cangrelor but did demonstrate a significantly
higher risk of bleeding [79, 80]. Taken together, dual platelet
inhibition, in particular with clopidogrel or even more out-
spoken with prasugrel, is highly effective in high risk patients
with coronary artery disease but the bleeding risk with dual
platelet inhibition is something to take into account and
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strategies to reverse the antiplatelet effect may be warranted
in case of serious bleeding.

The decision whether or not the interrupt or even reverse
antithrombotic treatment with dual platelet inhibition in case
of serious bleeding or the need to perform an invasive proce-
dure will depend on the specific clinical situation but also on
the indication for the antithrombotic treatment (see above).
Especially in patients with recent implantation of an intracoro-
nary stent (in the last 6-12 weeks), cardiologists will often not
or only reluctantly agree with cessation of treatment [81]. In
this period re-endothelization of the stent has not yet occurred
and the patient is very vulnerable to acute thrombotic occlu-
sion of the stent. In patients with drug-eluting stents this period
may be even longer. If, however, the decision is made to stop
and even reverse the treatment with aspirin and clopidogrel,
administration of platelet concentrate is probably the best way
to correct the hemostatic defect [82]. In addition, DDAVP was
shown to correct the defect in platelet aggregation caused by
clopidogrel, so this may be another option [83].

Conclusion

Conventional anticoagulant treatment can be reversed by spe-
cific interventions when the clinical situation requires immedi-
ate correction of hemostasis. For the new generation of
anticoagulants, no specific antidotes are available, although
some interventions are promising but need further evaluation.
Antiplatelet therapy with aspirin, alone or in combination with
thienopyridine derivatives, such as clopidogrel and prasugrel,
can be reversed but this is often not required and sometimes
not desirable in view of the indication for this treatment.
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