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Abstract

Ischemic heart disease is one of the most prevalent diseases with a high impact on mortality and morbidity. The
main process implicated in acute coronary syndromes (ACS) including its most severe form, the ST elevation myo-
cardial infarction (STEMI), is the development of thrombosis subsequently of plague erodation or rupture. The
thrombus is formed by aggregates of platelets that furthermore drive the process of coagulation, that in this turn
stimulates platelet aderation and aggregation, causing a vicious circle. From these physiopathological mechanims
derive the indication and role of antiplatelets and anticoagulation in STEMI. Antiplatelets and anticoagulants play a
central role in the therapeutic management of STEMI along with the interventional therapy. Correctly conducted by
all physicians involved in the management of patients with STEMI, it reduces the area of ischemia, as well as mor-
tality and other major adverse cardiovascular events. The following article will review the antithrombotic treatment
adjuvant to the interventional treatment and the evidence based indications for treatment in STEMI.

Keywords: acute coronary syndromes, STEMI, antiplatelets, anticoagulants, guidelines, risk-benefit balance, ische-
mic risk, primary angioplasty.

Rezumat

Boala cardiaca ischemica este una dintre cele mai prevalente boli cu un impact major asupra mortalitatii si mor-
biditatii. Principalul proces implicat in sindroamele coronariene acute (SCA), incluzand forma sa cea mai severa —
infarctul miocardic acut cu supradenivelare de segment ST (STEMI), este tromboza ce urmeaza in general erodarii
sau rupturii placii de aterom. Trombul este format din agregate plachetare care mai departe activeaza calea coa-
gularii, care la randul sau stimuleaza aderarea si agregarea plachetara creand un cerc vicios cu potentare recipro-
ca. Din aceste mecanisme fiziopatologice deriva indicatia si rolul tratamentelor antiagregante si anticoagulante in
STEMI, terapia antiagregantd impreuna cu cea antiacogulanta jucand un rol central in managementul STEMI alaturi
de terapia interventionald. Un tratament corect administrat de catre toti medicii implicati ajuta la reducerea ariei
de ischemie, precum si la scaderea mortalitatii si a celorlalte evenimente adverse cardiovasculare majore. Articolul
reprezinta o revizuire a tratamentului antitrombotic premergator terapiei de reperfuzie interventionale, precum si a
indicatiilor de ghid bazate pe dovezi pentru tratamentul STEMI.

Cuvinte cheie: sindroame coronariene acute, STEMI, antiagregante, anticoagulante, ghiduri, balanta risc-beneficiu,
risc ischemic, angioplastie primara.
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INTRODUCTION

Despite the decline in ischemic heart disease (IHD)
prevalence in the last two-three decades in Western
countries’, IHD causes approximately one third of
deaths in adults over 35 years of age”. Ischemic heart
disease is known to evolve over a long stable period
of time, but the likelyhood of unstable episodes still
exists, frequently in association with an atherothrom-
botic event caused by erosion or rupture of the athe-
roma plaque. ACS present themselves in their highest
severity as STEMI. Because of such a high morbi-
mortality burden, intense effort has been made in the
research of the best treatment management of STEMI.
In present days, the establishment of the so called
“STEMI network” comprised of emergency medical
service and hospitals with catheterization laboratories
capable of around the clock primary coronary angio-
plasty (PCI) has optimized the STEMI treatment®. The
primary PCI is the mainstay of the STEMI treatment
management, but it is mandatory to be accompanied
by antithrombotic therapy, sometimes administered at
first medical contact.

The ST elevation MI occurs most commonly at the
level of a vulnerable plaque as a result of rupture or ero-
sion, with exposure of the lipid core. Circulating plate-
lets are activated and come into contact with the matrix
extracellular collagen exposed after rupture of the fi-
brous cap of the plaque*. After platelet adhesion, these
will overexpress the receptor for glycoprotein IIb/I11a,
where proteins such as fibrinogen and von Willebrand
factor will adhere and form the white thrombus. Seve-
ral receptors from the level of the platelets are involved
in their activation, P2Y12 receptor being one of them,
maintaining the prothrombotic and pro-inflammato-
ry factors release. The P2Y12 antagonists such as clo-
pidogrel, prasugrel, ticagrelor inhibit the activation and
aggregation of platelets. In addition, there is also an
underlying coagulation process activated. These afore-
mentioned are the main mechanisms targeted by drugs
modifying thrombogenesis to produce a clinical proved

benefit.

ANTIPLATELETS

1. Aspirin
Aspirin, classified in the class of nonsteroidal antiin-
flamatory drugs, member of the salicylates family, was
first introduced in 1899, its beneficial effects depen-
ding on the dose administrated: low doses (75-100 mg/

day) inhibits ireversibly cyclooxigenase-1 (COX-1),
preventing the formation of various prostanoids such
as tromboxan A2, prostaglandin H2, thus having an
anti-thrombotic effect and intermediate or high doses
(650 mg to 4 g/day) inhibits COX-1 and COX-2, re-
sulting in an effective analgetic and antipyretic effect’.
Aspirin represents the cornerstone treatment of acute
coronary syndromes, irrespective of the further cho-
sen treatment. Data supporting the positive effect of
aspirin for ST-elevation segment myocardial infarcti-
on (STEMI) came at the beginnings from one study
that proved aspirin before or after fibrinolytic treat-
ment reduces mortality with as much as 23%, with a
highly significant p-value (p<0.0001). Largely from
the study mentioned aboved (ISI-2)¢ were formulated
the initial guidelines indications of oral or intravenous
admistration of aspirin in the acute phase of STEMI.
Although there is a strong indication, class I level of
evidence A for aspirin, the initial optimal dose attired
numerous controversies in literature. Albeit it has be-
neficial effects, the high initial dose of aspirin increases
considerably the risk of bleeding as it is quickly absor-
bed into the first portion of the gastrointestinal tract.
Even if the plasmatic half-time of aspirin is of only
20 minutes, the inhibition of platelets lasts for roughly
ten days, the life-time of platelets, as these continue
to produse cyclooxigenase. From these observations, in
current practice there should be a careful analysis of the
risk-benefit continuum. In the GUSTO I and GUS-
TO 1I, no significant differences were noted between
the group receving 325 or 162 mg of aspirin in terms of
mortality or other composite end-points, but there was
a significantly lower rate of bleedings in the 162 mg-
group’. More recent studies such as the ACUTE study,
also included in the most recent ESC guidelines for
the management of acute myocardial infarction in pati-
ents with ST-segment elevation 3, showed that a single
dose of acetylsalicilic acid intravenously compared with
300 mg orally resulted in a more complete inhibition of
platelets aggregation with comparable bleeding risks®.

2. ADP-receptor inhibitors
2.1 Clopidogrel

Clopidogrel is a second-generation irreversible in-
hibitor of P2Y12 receptor protein from the family of
thienopyridines. It was patented in 1982 and approved
for medical use in 1998 being currently on the WHO
list of the safest and most effective drugs’. Clopidogrel
followed ticlopidine, the first member of the thieno-
pyridine family, but with a much faster onset of acti-
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on and a reduction of the adverse effects, mainly the
hematological adverse effects'. The introduction of
clopidogrel into medical practice, and shortly therea-
fter drug-eluting stents (DES), led to the large-scale
imposition of interventional revascularization as the
first-line treatment of IHD'. Clopidogrel is an in-
active pro-drug which, in order to have the expected
clinical eftect, requires hepatic activation by the meta-
bolizing enzymes of the cytochrome P450 complex in
two stages'?. It has been observed that the variability of
the gene encoding P450 gene CYP2C19 synthesis is
associated with decreased bioactivation capacity of clo-
pidogrel with potentially catastrophic clinical effects®.
In parallel with the affect of bioactivation due to gene-
tic polymorphism, it is also influenced by substances
that globally affect the activity of cytochrome P450.
We mention among the powerful enzymatic inhibitors
macrolides, antifungals, grapefruit juice and among the
enzymatic inducers, with the increased risk of hemor-
rhagic risk, St. Jonh’s wort and rifampicin’**¢. Of par-
ticular note should be the interactions of clopidogrel
with the drugs usually associated in daily-life scenarios.
Regarding the association with proton-pump inhibi-
tors, although omeprazole and esomeprazole are men-
tioned as having potentially the greatest interaction
risk', no clinical impact of this combination has been
demonstrated™. In vivo aggregation tests at patient’s
bed have defined and quantified resistance to clopido-
grel. Platelet hyperreactivity in patients treated with
clopidogrel defines clopidogrel resistance and is poten-
tially associated with increased ischemic risk, similarly,
the absence of platelet reactivity may be associated
with an increased bleeding risk. However, no randomi-
zed trials evaluating personalized treatment based on
platelet aggregation testing has shown a benefit of such
tests and is therefore not routinely recommended'”".
Currently, clopidogrel is indicated in the European
guidelines in all the treatment stages of ST-segment
elevation myocardial infarction (STEMI), both in the
pre-hospital treatment and in the case of thromboly-
tic treatment, as well as in the case of interventional
treatment. The current recommendation includes the
specific mention of up-stream administration as clo-
se to the first medical contact. An observational study
and registry studies have shown that administration as
close to the first medical contact is associated with a
significant decrease in cardiovascular adverse events
related to infarction without a significant increase in
bleeding risk?**2. Due to the potential variability of the
antiplatelet effect of clopidogrel and to the multiple in-

teractions and genetic polymorphisms, new molecules
with an anti-aggregation effect have been developed.

2.2 Ticagrelor

Ticagrelor is the natural successor in the class of
anti-aggregates. After the emergence of clopidogrel in
the treatment of atherosclerotic events, its limitations
were highlighted and, at the same time, the need for
a new molecule. Ticagrelor is a reversible inhibitor of
the P2Y12 receptor for ADP with direct action. Unli-
ke thienopyridines, ticagrelor does not require hepatic
activation®. However, although not a prodrug, approxi-
mately one third of the eftect is produced by a hepatic
activated metabolizing product. Given the direct effect
of ticagrelor, its action is significantly faster compared
to clopidogrel and at the same time the nature of the
molecule ensures a more potent inhibition of platelet
aggregation and activation®!. The clinical effect of tica-
grelor has been demonstrated in patients with ACSs in
the phase III of the PLATO study. It has been shown
that the administration of ticagrelor for 12 months after
a ACS had a significant end-point of death, acute myo-
cardial infarction and stroke compared with clopidogrel
(HR 0.84, CI 0.77-0.92). The superiority of ticagrelor
came from benefits in reducing the rate of death and
acute myocardial infarction. Ticagrelor did not produ-
ce a higher rate of major bleeding complications, but
this was due to the absence of coronary artery by-pass
grafts (CABG)-related bleedings”. The demonstrated
superiority of ticagrelor has led to its inclusion in the
European Society of Cardiology guidelines as a first
line in the treatment of ACSs and STEMI in particu-
lar, before clopidogrel?**. Considering the importance
of STEMI treatment in the actual society, research has
been carried out regarding the advantage of early ad-
ministration of ticagrelor in patients with STEMI who
will receive invasive treatment. The ATLANTIC study
investigated whether early, up-stream administration is
beneficial and with acceptable risks compared to ad-
ministration at the time of intervention. Non-invasi-
ve criteria for reperfusion as well as TIMI flow during
the coronary angiography diagnosis as main endpoints,
as well as hemorrhagic risk were followed. The study
showed no difference in terms of both antithrombotic
effect and hemorrhagic risk between the two strategies.
The time between the administration of ticagrelor in
the two lots was only 31 minutes”. Therefore, althou-
gh the administration of an early dose of clopidogrel
has been shown to be beneficial, the same cannot be
said about ticagrelor.
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2.3 Prasugrel

Prasugrel is another thienopyridine-class drug that
blocks P2Y12 receptors. Unlike clopidogrel, which has
two stages of hepatic activation, prasugrel has a single
stage dependent on the cytochrome P450 complex. Its
efficacy was demonstrated in the Triton TIMI study
38. Prasugrel has been shown to be superior to clopido-
grel in the treatment of patients with ACS, with fewer
deaths from any cause, acute myocardial infarction and
additional revascularization. On the other hand, pati-
ents receiving prasugrel had significantly more blee-
ding?. A recent study showed that prasugrel was su-
perior to ticagrelor regarding a composite endpoint of
death, MI or stroke, in patients with ACS includgin
STEMI® (Table 1).

3. Gplibllla inhibitors

Glycoprotein IIblIIa plays a major role in the haemo-
stasis by regulating the adhesion and aggregation of
platelets. It is situated on the surface of platelets and,
when activated, it converts and binds multiple molecu-
les of fibrinogen and subsequently to other platelets. It
is the final pathway of platelet aggregation®. Multiple
drugs have been developed to counteract GplIblIlla
called GP inhibitors (Table 2). They act by preventing
the binding of fibrinogen by the GplIblIla molecu-
le causing a major impairment in the aggregation of
platelets. There are three GPI molecules used in the
setting of primary PCI: abciximab, eptifibatide and ti-
rofiban. Multiple trials have shown that although high,
they have a manageable bleeding risk. In combination
with fibrinolytics, GPI were not superior to fibrinoly-
tics alone albeit with an increased bleeding risk’*%
Regarding the up-stream use of GPI in STEMI pa-
tients undergoing primary PCI, a key trial showed

no additional benefit regarding cardiovascular death,
cardiogenic shock or congestive failure when compa-
red to standard therapy. Furthermore, it significantly
increased the bleeding outcome®. Nowadays, the use
of GPIs is recommended only within catheterization
laboratory, in in-procedure bailout cases such as co-
ronary no-reflow or a large thrombus burden®. Also,
GPIs may have a place in very high risk procedures
or when an intense platelet inhibition is needed, for
example in STEMI patients that did not or could not
receive normal antiplatelet loading doses. Also, in iso-
lated cases, when there is a large ischaemic area at risk,
GPIs may be given upstream®’. When using GPIs it is
mandatory to always evaluate the individual bleeding
risk of the patient.

2. ANTICOAGULANTS

The combination of anticoagulants with antiplatelets
has more benefits in terms of morbidity compared with
the anti-platelet treatment alone. From the pletora of
anticoagulants, the options are: unfractionated heparin
(UFH), enoxaprin, fondaparinux and bivalirudin. After
primary PCI there is no need for maintaining antico-
agulant therapy instead there are other indications of
anticoagulation such as atrial fibrillation, left ventricle
thrombosis, mechanical valves or as thromboprophyla-
xis in patients with long periods of bed rest’.

1. Unfractionated heparin

Heparin is a glycosaminoglycan polysaccharide that
binds to antithrombin III protein, which is a powerful
inhibitor of factor Xa and IIa. This binding leads to a
conformational change in antithrombin III, that acce-
lerates its ability to inactivate these factors leading to
an important anticoagulant effect®?¢.

Table 1. Main characteristics of antiplatelet drugs in STEMI

Drug name Aspenter Clopidogrel Prasugrel Ticagrelor
Mechanism of action Inhibition of COX] Antagonist of P2Y12 Antagonist of P2Y12 Antagonist of P2Y12
receptor receptor receptor
Reversibility No No No Yes
Onset of action Th 2-8h 30 min-4h 30 min-4h
Loading dose 150-300 mg orally 600 mg 60 mg 180 mg
or75-250 mg iv
Maitanance dose 75-100/day 75 mg/day 10 mg 90 mg bid
Contraindications Hypersensitivity Hypersensitivity, very Stroke/transient ischemic Hemorrhagic stroke, patients
high risk of hemorrhage |stroke, patients on oral on oral anticoagulants, or
anticoagulants, patients in patients with moderate-
with moderate-to-severe to-severe liver disease,
liver disease hypersensitivity | hypersensitivity
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Table 2. Main characteristics of glycoprotein lib/llla inhibitors

Abciximab Eptifibatide Tirofiban
Molecule type Monoclonal antibody Small Small
Large molecule
Effective half life 8-12h 2.5h 2h
72h to normal platelet function 3-4h to normal platelet function 4h to normal platelet function
Dosing Bolus: 0.256mg/kg Double bolus 10 min appart: 25mcg/kg in 3 min
Inf.: 0.125mg/kg/min 12h 180mcg/kg Inf.: 0.156mcg/kg/min 18h
Inf.: 2mcg/kg/min 18h
Dose adjustment in No; higher risk of bleeding CKD III: Inf. dose Tmcg/kg/min CKD IV: 0.056mcg/kg/min
renal disease Not to be administered in CKD IV Not to be administered in CKD IV
and V
Reversibility Platelet transfusion No No

Present day medical guidelines recommend unfrac-
tioned heparin as first choice of anticoagulation treat-
ment in patients with STEMI undergoing primary
PCI*. It is the most widely used anticoagulant agent
in Europe with excellent cost-effectiveness®” and with
a long tradition and ease of use in the cath lab. Its effect
is usually monitored, especially during long procedures
with the activating clotting time test. European Society
of Cardiology guidelines clearly define doses of hepa-
rin with 70-100 U/kg when used alone and 50-70 U/
kg when used together with GplIbllla inhibitor. Be-
cause of its usually short half time, an ACT test should
be performed after 45 minutes to one hour after admi-
nistration and additional heparin should be given for a
target ACT of 200-300 seconds™*.

Its main action is to impede thrombus formation in
the intravascular materials used during the procedure
e.g. the vascular sheath, the catheters and most impor-
tantly in situ inside the aorta or the coronary circula-
tion with deleterious effects. Also, heparin hinders the
formation of new thrombus at the site of the coronary
obstruction. Having in mind that patients arrive at the
cath lab faster than the dual antiplatelet therapy is ac-
tive, heparin is oftenly the only active antithrombotic
drug during the procedure. For the same reasons, he-
parin impedes acute stent thrombosis during the gap
of time between the end of the procedure and the co-
ming of the full efect of antiplatelet drugs®. It is most
widely used in the setting of the immediate primary
PCI, usually in the cath lab. There are some reports that
heparin is used up-stream, during first medical contact,
when the STEMI diagnosis is established, but usually

in isolated cases or local protocols of medical practice®.

2. Low molecular weight heparin
Low molecular weight heparin (LMWH) is derived

from heparin molecules but with shorter polysaccha-

ridic structures, modifying its pharmacokinetic pro-
perties, with a good subcutaneously absorbtion and a
longer half-life. The probability of side-eftects as he-
parin-induced thrombocytopenia are reduced with
LMWH. Among the low molecular weight heparins,
the most utilised and with a more convenient profile
is enoxaparin. In ATOLL trial, intravenous enoxapa-
rin was superior to unfractionated heparin in reducing
all endpoints such as ischaemic endpoints, mortality
and major bleeding events*, the same pinpointed by a
meta-analysis with more than 20 studies*. From all of
the above, enoxaparin was recommended to be taken
into consideration in the 2017 STEMI management
as class II level of evidence A***.

3. Bivalirudin

Bivalirudin is a syntetic congener of its natural version,
hirudin, having a direct inhibitor effect on thrombin,
but also on thrombin-dependent platelet activation
and aggregation. It has a short half-life of 25 minutes
and a rapid onset of action. It is administered iv with
a 0.75mg/kg bolus and then followed by a 1.75mg/kg/
hour in infusion for up to 4 hours. It does not produce
nor affects the risk of heparin induced thrombocyto-
penia, one of the most serious limitations of heparin.
Because of a very short half-life, it potentially leads to
reduced bleeding complications and also to a better
management of the bleeding. Bivalirudine cornersto-
ne trials showed better outcomes regarding bleeding
risk and one month to one year mortality rates with
similar outcome regarding target-vessel revasculari-
zation, when compared to a combination of heparin
and GplIbllla or heparin alone. Bivalirudin showed
a small but sustained risk af acute stent thrombosis
in all trials*»*. In modern clinical practice, the radial
approach in primary PCI setting showed a marked de-

crease of bleeding complications regarding the vascular
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access with subsequent impact on mortality itself*. Re-
cent trials and meta-analysis compared bivalirudin and
heparin in STEMI patients undergoind primary PCI
with mostly radial acces. They showed that bivalirudine
is not superior to heparin regarding the bleeding risk
and mortality, but even with a slight increase of adverse
events related to acute stent thrombosis®®*.

CONCLUSIONS

The correct use of antiplatelets and anticoagulants in
the setting of STEMI patients undergoing primary
PCI is essential for obtaining the optimal benefits
such as the reduction of morbi-mortality and also the
social and financial burden. Also, a patient-centered
therapy must be conducted as the benefits of reducing
the ischemic area not to exceed the bleeding risks in
some patients. Aspirin, along with new, more potent
antiplatelet therapy (such as ticagrelor and prasugrel)
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