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1.1 Case Report Medical History and Cardiovascular
Risk Factors

* Cardiovascular risk factors: systemic arterial

A 44-year-old man was referred to our I[CU hypertension and dyslipidemia

at 1:30 AM from the medical first aid due to * Family history: no family history of structural
intense, prolonged, non irradiated retroster- heart disease

nal pain, insurgent at 00:30 AM while e 2005: stab wound in the midsternal area

sleeping, and profuse cold sweating. The
medical first aid recorded an ECG immedi-

ately, at their arrival, that showed sinus Allergies
rhythm, third-grade AV block, narrow QRS
escape rhythm with a heart rate of 33 bpm, None

ST elevation in the inferior leads (DII, DIII,

aVf) with specular ST depression in DI and

aVl, and QRS axis of 105°. Blood pressure Medications

was 90/50 mmHg. Therapy with salicylic

acid 500 mg IV, unfractionated heparin None

4000 UI IV and clopidogrel 300 mg per os

therapy was administered. The patient was

immediately transferred to our ICU for Vital Signs

further evaluation and treatment.

e Temperature: 36.5 °C

e Heart rate: 33 bpm

¢ Arterial blood pressure: 85/50 mmHg
e Respiratory rate: 20 breaths/min
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Physical Examination

* General appearance: well developed, well
nourished, alert but confused, suffering from
retrosternal pain, with pallor and cold sweat

e Lungs: dyspnea; clear to percussion and
auscultation without rhonchi, wheezing, or
diminished breath sounds; presence of bibasi-
lar rales

¢ Cardiovascular: normal S1 and S2; no S3, S4,
or murmurs; regular rhythm; no vascular
murmurs

* Abdomen: positive bowel sounds, soft and non-
distended, no guarding or rebound, no masses

Routine Laboratory Test

White blood cells 17,000 mmc, total cholesterol
338 mg/dl, triglycerides 853 mg/ml, AST 398
U/L, ALT 117 U/L, LDH 689 U/L, yGT 60 U/L,
troponin I highly specific 116 ng/ml, CKMB
222.8 ng/ml, and uric acid 8.4 mg/ml. The
remaining laboratory tests were normal.

Instrumental Examination

The ECG at entrance (Fig. 1.1a, b) confirmed the
previous one, already described.

A complete echocardiographic examination
was performed and showed normal dimensions
of the cardiac chambers, reduced systolic left
ventricle function (EF 45 %) due to hypokinesia
of the inferior and posterolateral wall, normal
right ventricular function (TAPSE 21 mm), and
mild mitral and tricuspid regurgitation with nor-
mal pulmonary artery systolic pressure.

Clinical Course and Therapeutic
Management

These findings all together were suggestive for
inferior ST elevation acute coronary syndrome
complicated by third-degree AV block.

As soon as possible, a transcutaneous pac-
ing and a continuous electrocardiographic, blood
pressure, and oxygen saturation monitoring
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were placed, and the cath lab team was advised.
Therapy with crystalloid and dopamine 5 gamma/
kg/min infusion was practiced with blood pres-
sure increase to 120/70 mmHg, and morphine
was administered for the transcutaneous pac-
ing pain. At 1:45 AM the patient was transferred
to the cath lab to perform coronary angiography
and to position a temporary pacing via the right
femoral vein. The angiography showed right coro-
nary artery dominance with thrombotic occlusion
of its middle tract; no other stenosis was pres-
ent. At 2:05 AM the patient underwent manual
thrombus aspiration (EXPORT) and PTCA with
medicated self-expanding stent (STENTYS DES
3.5-4.5x17 mm) implantation via the right radial
artery. A bolus of abciximab 0.25 mg/kg was
administered, and the patient was shifted to prasu-
grel with a loading dose of 60 mg administered in
the cath lab. The residual stenosis was <20 % and
TIMI flow was 3. Continuous unfractionated hepa-
rin infusion was administered during the 12 h fol-
lowing the procedure. The transvenous pacing was
removed 48 h later being the patient again in stable
sinus rhythm. Continuous electrocardiographic
monitoring during the first 6 days did not show any
dangerous tachyarrhythmia or bradyarrhythmia.
Therapy with ASA 100 mg od, prasugrel 10 mg
od, atorvastatin 80 mg od, losartan 12.5 mg od,
and pantoprazole 40 mg od was started since the
first day. Metoprolol tartrate 25 mg bid was added
the second day. The patient was transferred to our
semi-intensive cardiology unit on the third day and
then discharged on the seventh day with a follow-
up visit, ECG, and echocardiography programmed
2 months later. Therapy at discharge was ASA
100 mg od, prasugrel 10 mg od for 12 months,
atorvastatin 80 mg od, losartan 12.5 mg od, panto-
prazole 40 mg, and metoprolol tartrate 25 mg bid.

1.2 ST Elevation Myocardial

Infarction (STEMI)
Definition and Epidemiology

The last ESC guidelines published in 2012 define
“acute myocardial infarction” (AMI) as the evi-
dence of myocardial necrosis (elevation of
cardiac biomarkers, typical ECG alterations,
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Fig. 1.1 (a, b) Patient ECG: sinus rhythm, third-grade
atrioventricular block, narrow QRS escape rhythm with a
heart rate of 33 bpm, ST-segment elevation in the inferior

imaging alterations, or autopsy evidence) in the
presence of a clinical setting suggestive for myo-
cardial ischemia [1].

Acute myocardial infarction with ST elevation
(STEMI) is a clinical syndrome characterized by
the typical symptoms of myocardial ischemia
with electrocardiographic ST elevation (persis-
tent for more than 20 min) and following release
of cardiac biomarkers [2].

Coronary artery disease (CAD) is the most
common cause of death in the whole world. In
2012, 7.4 million people in Europe (which is
13.2 % of all deaths) died from CAD [3].

At present, up to 25-40 % of AMI presenta-
tions are STEMI ones [4-7]. The incidence of
STEMI hospital admissions is different among
countries that belong to ESC [8]. In the last
decades there has been a STEMI incidence
decrease despite an NSTEMI incidence increase.
In the Sweden registry, which is probably the
most comprehensive STEMI registry, an inci-
dence of 66 STEMI/100,000/year, similar to those
of other countries like the Czech Republic [9],
Belgium [8], and the USA [10], has been reported.
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leads (DII, DIII, aVf) with specular ST-segment depres-
sion in DI and aVI1, QRS axis of 105°

The in-hospital mortality of unselected STEMI
patients varies from 6 to 14 % [8]. Ejection frac-
tion, the Killip class, age, time delay to treatment
and mode of treatment, prior myocardial infarc-
tion history, renal dysfunction, diabetes mellitus,
and diseased coronary artery number are all fac-
tors that influence mortality. Hospitals with a
high clinical volume and high rate of invasive
procedures have lower mortality rates [11].
STEMI mortality significantly decreased thanks
to a frequency care increase [5, 7].

Pathology and Pathophysiology

Pathology
The causes of STEMI are different, but they can
be divided into two principal groups:

* Coronary atherosclerosis complicated by cor-
onary thrombosis, the main one

* Non-atherogenic forms that are rare such as
arteritis, trauma to coronary arteries, coronary
mural thickening with metabolic disease or



intimal proliferative disease, emboli to coro-
nary arteries, congenital coronary artery
anomalies, myocardial oxygen demand-sup-
ply disproportion, hematologic, and miscella-
neous [12]

We will focus our attention on the first cause
of STEMI, the coronary atherosclerosis.

A previous classification based on ECG evolu-
tion divided patients with MI into two groups:
patients with a Q-wave infarction, very often con-
sidered a transmural infarction, and patients with
a non-Q-wave infarction. Currently, a new classi-
fication based on pathophysiology divides
patients into other two groups: those with STEMI
related to an acute thrombotic occlusion of an epi-
cardial coronary artery and those with NSTEMI/
unstable angina, due to stenosis of a coronary
artery without occlusive thrombi. When there is a
chronic total occlusion of the coronary artery,
patients do not always have an MI because of col-
lateral blood flow development and other factors.

The most important element on AMI’s physio-
pathology is the atherosclerotic plaque. The
plaque evolution is an active process lasting years
that consists in intima lipoprotein accumulation,
lipoprotein oxidation and glycation, intima leu-
kocyte migration, foam cell development, intima
smooth cell migration with consequent extracel-
lular matrix accumulation, atherosclerotic plaque
growth, and a fibrofatty lesion formation with a
lipid core surrounded by an acellular fibrous cap-
sule. Cytokines and effector molecules like hypo-
chlorous acid and superoxide anion play an
important role in this process.

During this natural evolution, high-risk
plaques can undergo plaque disruption [13, 14]
that is induced by stressors like intramural blood
pressure, coronary vasomotor tone, and tachycar-
dia. So, thrombogenic substances are exposed
with secondary activation and aggregation of
platelet; moreover, thrombin generation is pro-
moted with subsequent thrombus formation.
There is seasonal and circadian variation of some
of these key physiologic variations, and that is
why STEMI happens more frequently in the
winter early morning hours and following natural
disasters [15].
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Anatomically, two major types of MI can be
detected: transmural infarcts characterized by the
presence of a full ventricular wall thickness myo-
cardial necrosis and nontransmural or subendo-
cardial MI with necrosis involvement of the
subendocardium or intramural myocardium or
both. In the first case, there is a completely occlu-
sive thrombus of an epicardial coronary artery
that subtends the infarct area with a typical
ST-segment elevation. The transmural necrosis
can cause a full wall thickness vital myocardial
loss and subsequent fibrosis that is evidenced by
Q-wave evolution in the leads overlying the
infarcted zone. In a few number of patients, there
is not a Q-wave evolution but an R-wave height
reduction.

There is a specific correlation between the
coronary artery occluded, the myocardial area
developing necrosis, and the ECG derivation that
shows an ST elevation (Fig. 1.2).
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Fig. 1.2 Schematic representation of left ventricle
segments, Einthoven’s triangle with electrocardiogram
derivations. LAD supplies segments nr 1,2, 6,7, 8, 12, 13,
14, 15, 16, and 17; LCX supplies segments nr 4, 5, 6, 10,
11, 12, 15, 16, and 17; RCA supplies segments nr 3, 4, 9,
10, 11, 14, 15, 16, and 17. Areas of shared perfusion
between LAD, LCX, and RCA are shown in green. The
infarct artery can be deduced identifying the leads with
ST-segment elevation and correlating these with the
segments that these leads explore and so with coronary
arteries that supply these segments. For example, ST
segment elevated prominently in leads exploring seg-
ments 1, 2, 7, 8, 13, 14, and 17 which means that the
occluded vessel is the LAD. LAD, left anterior descend-
ing; RCA, right coronary artery; LCX, left circumflex
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The earliest myocardial ultrastructural
changes occurring within the first 20 min are
reversible. Changes become irreversible after
20 min up to 120 min of ischemia [16]. After
6-12 h of necrosis onset, myocardium gross
alteration can be identified. So, in the first 30 min
after ischemia onset, myocardial injury is revers-
ible; subsequently, a progressive viability loss
occurs and usually completes at 6-12 h. That is
the reason why the reperfusion therapy benefits
are greatest when patients are treated early.

Generally, the right ventricle is less involved
by infarction. It is interested in approximately
50 % of patients with transmural infarct of the
inferoposterior wall and posterior portion of the
septum [17]. The right ventricle shows an excel-
lent recovery of systolic function once reperfu-
sion is restored [18].

Pathophysiology

When a coronary artery is occluded, immediate
myocardial contractile alteration occurs. There
are four sequential patterns of abnormal
contraction:

* Dyssynchrony (adjacent segments do not con-
tract at the same time)

* Hypokinesia (reduced contraction)

¢ Akinesia (cessation of contraction)

e Dyskinesia (the segment expansion is
paradoxical)

As an acute compensation of these alterations,
a hyperkinesia of the normal myocardium seg-
ments usually firstly develops. It results from
sympathetic nervous system activity increase
and Frank-Starling mechanism and lasts up to
2 weeks.

If ischemic injury involves >15 % of the myo-
cardium, the systolic—diastolic function of the LV
becomes depressed, and a decline of cardiac out-
put, stroke volume, and blood pressure occurs.
End-systolic volume and end-diastolic pressure
increase and diastolic dysfunction appears. The
degree of end-systolic volume increase has been
shown to be an important predictor of STEMI
mortality [19]. If ischemic injury involves >25 %
of the myocardium, clinical heart failure becomes

typical, and if the myocardial loss is >40 %, car-
diogenic shock appears.

Improvement is possible thanks to the recovery
of the stunned (reversibly injured) myocardium
after revascularization, but in some patients the
infarcted LV may dilate causing LV remodeling.
This can be a compensatory mechanism restoring
a normal stroke at the expense of a reduced ejec-
tion fraction; however, dilation elevates afterload
(Laplace’s law) that depresses LV stroke volume
and increments the consumption of myocardial
oxygen, intensifying myocardial ischemia. The
infarct size, patency of the related coronary artery,
and  renin-angiotensin—aldosterone  system
(RAAS) influence LV remodeling. For this rea-
son, LV remodeling can be reduced by an antago-
nist of RAAS. Even aldosterone inhibitors reduce
collagen deposition and decrease ventricular
arrhythmia development [20].

Clinical Features

Symptoms

The typical STEMI discomfort is a prolonged
(more than 20 min), constricting, oppressing, or
compressing pain of variable intensity. It has a
retrosternal location and often radiates to the ulnar
side of the left arm, or rarely both arms; to the
neck, jaw, and shoulders; and rarely to the
epigastrium or interscapular region. In some
patients, frequently those with an inferior STEMI,
the location is the epigastrium simulating abdomi-
nal disorders. In these patients nausea and vomit-
ing may occur due to vagal reflex activation or LV
receptor stimulation. Symptoms like cold perspi-
ration, palpitations, profound weakness, dizziness,
and a sense of imminent death may be present.

In some cases there is an atypical presentation
of STEMI-like atypical location of the pain or
dyspnea, syncope, profound weakness, or acute
indigestion. Some patients are wholly asymp-
tomatic, and STEMI can be unrecognized and
discovered in a subsequent routine electrocardio-
graphic examination. These patients have a simi-
lar prognosis of symptomatic ones.

In up to half of STEMI patients, a precipitat-
ing factor like reduced oxygen supply to the



myocardium (hypotension, hypoxemia, pulmo-
nary embolism, etc.) or increased myocardial
oxygen demands (aortic stenosis, fever, agitation,
tachycardia, emotional stress, unusually heavy
exercise) can be identified.

Physical Examination

STEMI patients may appear anxious and agi-
tated. Heart rate varies from bradycardia to
tachycardia/tachyarrhythmia, and blood pressure
varies from hypotension (patient with right ven-
tricle involvement or cardiogenic shock or low
blood pressure acute heart failure) to normoten-
sion and even to hypertension due to adrenergic
activation.

Fever is present in most patients and resolves
within 4-5 days. It is a nonspecific response to
tissue necrosis.

Patients with cardiogenic shock or right ventricu-
lar infarction infarct have elevated jugular pressure.

Carotid pulse in STEMI patients may be small
due to reduced stroke volume. When LV failure
develops, rales are audible.

The Killip classification is a prognostic clas-
sification dividing STEMI patients according to
the presence and severity of heart failure signs:

* Class I: no rales or third sound

e Class II: rales in <50 % of pulmonary field
with or without third sound

e Class III: rales in >50 % of pulmonary field
(pulmonary edema)

e Class IV: cardiogenic shock

A third and/or fourth sound may be heard in
STEMI patients with severe LV dysfunction that
determines elevation of LV filling pressure.
When the fourth sound is heard, a corresponding
presystolic pulsation is present. Additional sys-
tolic murmur (transient/persistent) due to mitral
regurgitation as a result of mitral valve apparatus
dysfunction may be audible. Along the left and
right sternal border, a holosystolic, prominent
murmur, accompanied by a thrill, is audible in
the presence of interventricular septum rupture.
Pericardial friction rubs can be present espe-
cially in patients with large infarctions [21].
They are audible along the left sternal border in
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the first 2 weeks and most commonly on the sec-
ond or third day.

Diagnosis

The diagnosis of STEMI starts from symptom
assessment: history of chest pain lasting at least
20 min or more; not responding to nitroglycerine
is typical.

The confirmation of diagnosis must be com-
pleted as soon as possible with a 12-lead ECG,
also considering the addition of posterior (V7—
V8-V9) or right leads (V4R-V5R, V6R) in
patients with high suspicion, respectively, of pos-
terior or right ventricle infarction.

If available, a continuous ECG monitoring
should be initiated in all patients to detect life-
threatening arrhythmias and allow defibrillation
if required.

The diagnostic electrographic sign is a new
ST-segment elevation measured at the J point in
two contiguous leads with the following thresh-
olds: >0.25 mV in men below the age of 40 years,
>0.2 mV in men over the age of 40 years, or
>0.15 mV in women in leads V,-V; and/or
>0.1 mV in other leads [1]. According to leads
involved by ST elevation, the localization of the
ischemia is as follows:

e Anterior MI: VI-V6

e Septal MI: V1-V4

e Lateral MI: I, aVL, V5, V6

¢ Inferior MI: 11, III, aVF

e Posterior MI: V7-V8-V9 (high R in V1-V3
with ST depression V1-V3)

* Right ventricle MI: V1, V4R-V5R-V6R

Although not frequently seen, an earlier sign
of ischemia could be the presence of hyperacute
T waves; later, the ECG alterations evolve in ST
elevation in those leads that register the electrical
activity of the ischemic myocardium. ST eleva-
tion typically presents a concave configuration
but over time becomes more pronounced, more
convex, and rounded upward. In the absence of
reperfusion strategies, the natural evolution of
ECG is as follows: the ST gradually returns to
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isoelectric baseline, there is a reduction of
R-wave amplitude with the development of Q
waves, and T waves become inverted. The ECG
changes usually may take place from few weeks
to several hours from presentation.

Moreover, the initial ECG presentation of
acute coronary syndrome could be represented
by new or presumed new left bundle branch block
(LBBB) [1].

The electrocardiographic diagnosis could be
more difficult in some categories of patients:

» Patients with preexistent LBBB: in the pres-
ence of intraventricular conduction delay, the
diagnosis could be suspected in the presence of
concordant ST elevation with QRS or in case of
marked ST abnormalities. Two signs are highly
specific: Cabrera’s sign, a prominent notching
in the ascending limb of S wave in leads V3-
V4, and Chapman’s sign, a notching in the
ascending limb of R wave in V5-V6 [22]. A
scoring system has been developed from the
GUSTO-1 trial called Sgarbossa’s criteria [23]
but not providing diagnostic certainty.

» Patients with paced rhythm: in case of clinical
strong suspicion, the diagnosis should be con-
firmed by angiography; reprogramming of the
pacemaker with the appearance of intrinsic
rhythm and the evaluation of ischemic ECG
changes may be considered when feasible.

e Patients with isolated posterior myocardial
infarction: the involvement of the inferobasal
portion of the heart may appear as an isolated
ST depression >0.05 mV in leads V, through
V5 The documentation of ST elevation
>0.05 mV in the posterior chest wall leads
should be treated as STEMI.

» Patients with left main coronary obstruction:
the typical ECG signs are aVR ST elevation
and inferolateral ST depression; the presence
of ST depression in eight or more surface leads
together with ST elevation in aVR and/or V1
suggests ischemia due to multivessel disease
or left main coronary artery obstruction.

The following steps are not necessary for the
diagnosis; however, they complete the clinical
picture of patients with ACS: blood sampling for

troponin determination and echocardiography for
differential diagnosis and for the assessment of
the involved myocardium, left ventricular func-
tion, and mechanical complications.

Therapy

The following recommendations are based on
currently accepted European guidelines [1].

Initial therapy of patients with acute coronary
syndrome with ST elevation is represented as
follows:

* Oxygen administration in the presence of
hypoxia or acute heart failure.

¢ Relief of pain and anxiety: IV opioids are very
useful, although they must be used with cau-
tion for their potential side effects, such as
respiratory depression, nausea, vomiting,
hypotension, and bradycardia.

The following steps of treatment are related to
some crucial aspects: the first one is time from
symptom onset and the second one, the
availability of a primary PCI center.

Patients with a diagnosis of STEMI within
12 h from symptom onset should be considered
for mechanical or pharmacological reperfusion
strategy, as soon as possible. Moreover, reperfu-
sion therapy should be taken into account in the
presence of ongoing ischemia even if the onset of
pain dates back more than 12 h. Primary PCI may
also be done in stable patients presenting 12-24 h
after symptom onset.

In case of reperfusion strategy, the choice
between mechanical and pharmacological meth-
ods depends on the availability of a primary PCI
center with an experienced team or the time
needed to reach the PCI center. PCI strategy is
preferred to fibrinolysis when there is a primary
PCT hospital or when the transfer to a PCI center
could be realized within 120 min from symptom
onset. In the other cases, fibrinolysis should be
undertaken and followed by consideration of res-
cue PCI in case of treatment failure or by consid-
eration of routine angiography in all stable
patients within 3-24 h.



In case of mechanical reperfusion, only the cul-
prit lesion should be treated with PCI and stenting
[24]. Primary multivessel revascularization in
addition to the supposed culprit lesion is indicated
in case of cardiogenic shock or persistent isch-
emia, after the culprit lesion treatment [1, 25, 26].
In case of multivessel disease, staged multivessel
PCI could be considered as recent meta-analysis
showed improvement in short- and long-term sur-
vival and reduction of repeated PCI [27]. However,
other randomized trials should confirm the bene-
fits of staged multivessel PCI in STEMI.

Primary Percutaneous Coronary
Intervention: Pharmacotherapy

The main stones of therapy in acute coronary
syndrome are represented by antiplatelet and
anticoagulant drugs.

1. Antiplatelet therapy consists of a combination
of two antiplatelet agents: the first option is
aspirin, both oral and IV, if patients are unable
to swallow, and the second one is an adenosine
diphosphate (ADP) receptor blocker. For a long
time, clopidogrel has been the only and pre-
ferred ADP blocker, while in the last years new
antiplatelet agents such as prasugrel and ticagre-
lor have been studied [28, 29] and currently
accepted in guidelines and widely used in com-
mon clinical practice. Prasugrel and ticagrelor
present a more rapid onset of action and higher
efficacy when compared to clopidogrel.
Therefore, clopidogrel is preferably used when
prasugrel or ticagrelor is either not available or
contraindicated. Table 1.1 summarizes the main
features of old and new antiplatelet agents.

The glycoprotein IIb/Illa (GP IIb/Ila)
antagonists are the most recent additions to the
antiplatelet agents available that are given
intravenously. Currently, three GPIIb/IIla
antagonists are available: abciximab, eptifiba-
tide, and tirofiban. The role of these agents is
debated: in the era of potent oral antiplatelet
agents, the upstream use is uncertain; more-
over, if bivalirudin is chosen as an anticoagu-
lant, its use does not add further benefits. On
the other side, if UFH or enoxaparin is
administered, the association of GPIIb/IIla
antagonists remains debatable. Current
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guidelines suggest the administration of GP
IIb/IIIa inhibitors for bailout therapy if there is
angiographic evidence of a massive thrombus,
slow or no reflow, or thrombotic complication.
2. Anticoagulant therapy in primary PCI-treated
patients may be achieved with unfractionated
heparin (UFH), enoxaparin, and bivalirudin,
with the aim to reduce acute vessel thrombosis
risk. Anticoagulants should be started as soon
as possible and stopped at the end of PCI pro-
cedure, except in the presence of other
conditions that require prolongation of antico-
agulants, such as atrial fibrillation or mechani-
cal valve or left ventricular thrombosis.
Bivalirudin is a direct thrombin inhibitor,
nowadays, recommended by European guide-
lines over unfractionated heparin and a GP IIb/
[Ia blocker (Ib) [1]. As previously reported,
when bivalirudin is preferred, addition of GP
[Ib/llIa blockers does not add adjunctive
benefits, and bivalirudin alone is associated with
lower bleeding rates and reduced mortality [32].
Enoxaparin (with or without routine GP
IIb/111a blocker) may be preferred over unfrac-
tionated heparin with a class II of indication,
level B; finally, unfractionated heparin with or
without routine GP IIb/IIla blocker must be
used in patients not receiving bivalirudin or
enoxaparin (I, C) [1].

Fibrinolysis
Fibrinolysis must be considered when mechani-
cal revascularization is not available in recom-
mended timelines [1]. Prehospital treatment with
fibrinolytic drugs by emergency medical person-
nel is strongly suggested, when feasible: the ben-
efits from fibrinolytic therapy are higher in the
first 3 h from symptom onset and then rapidly
decline [33]. The delay from first patient contact
and initiation of fibrinolysis should be within
30 min to improve treatment efficacy, in both
hospital and prehospital settings.

There are many absolute and relative contrain-
dications to fibrinolysis, as reported in Table 1.2.

A fibrin-specific agent (tenecteplase, alteplase,
reteplase) is recommended (over non-fibrin-
specific agents).

Aspirin and clopidogrel must be administered
to treated patients. Parenteral anticoagulation is
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Table 1.1 Old and new antiplatelet agent for acute coronary syndrome

Clopidogrel

Trial CURE [30], PCI-CURE
[31]

Class Thienopyridine

Doses 300-600 mg loading

dose +75 mg maintenance
dose

Irreversible inhibition of
P2Y12 subtype of ADP
receptors on the platelet
surface

Mechanism of action

Metabolism Prodrug activated through
hepatic metabolism by
cytochrome P450
enzymes

Genetic variability in
enzyme function affects

drug efficacy
Onset of action Within 2 h
Excretion Renal (50 %), biliary
(46 %)
Side effect
Contraindications Hypersensitivity
Active bleeding
Significant liver
impairment
Cholestatic jaundice

Use with caution in
patients at high risk of
bleeding or with
significant anemia

recommended until revascularization (if per-
formed) or for the duration of hospital stay, from
at least 48 h up to 8 days. Enoxaparin is preferred
over UHF.

Patients treated with fibrinolysis must be
transferred to a PCl-capable center: stable
patients should be studied within 3-24 h. Rescue
PCI is indicated in case of treatment failure
(<50 % ST-segment resolution at 60 min),
recurrence of ST-segment elevation, or recurrent

Ticagrelor
PLATO [28]

Nucleoside analog

180 mg loading
dose +90 mg maintenance
dose bis in die

Reversible and
noncompetitive binding of
P2Y 12 subtype of ADP
receptors on the platelet
surface

No metabolism for
activation

Within 30 min
Biliary

Dyspnea

Ventricular pauses

Increased rate of
bleedings

Hypersensitivity
Active bleeding
History of intracranial
hemorrhage
Moderate to severe
hepatic impairment
Concomitant use of
strong CYP3A4
inhibitors
Use with caution in
patients at high risk of
bleeding or with
significant anemia

Prasugrel
TRITON-TIMI 38 [29]

Thienopyridine
60 mg loading

dose + 10 mg maintenance
dose

Irreversible inhibition of
P2Y12 subtype of ADP

receptors on the platelet

surface

Prodrug with intestinal,
serum, hepatic
metabolism (cytochrome
P450 enzymes)

Within 30 min

Renal (~68 %), biliary
(~27 %)

Increased rate of
bleedings

Hypersensitivity

Active bleeding

Prior stroke/transient
ischemic attack

Moderate to severe
hepatic impairment

Not recommended in
patients aged >75 years or
in patients with lower
body weight (<60 kg)

Use with caution in
patients at high risk of
bleeding or with
significant anemia

ischemia. Also patients with heart failure or car-
diogenic shock must undergo angiography [1].

Arrhythmia Management

in Acute Phase

Arrhythmias are very frequent in the acute phase
of STEMLI, and every kind of arrhythmia could be
seen [1].
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Table 1.2 Contraindications to fibrinolysis

Absolute Previous intracranial hemorrhage, known
cerebrovascular lesion or intracranial
neoplasm, ischemic stroke within the last
6 months, aortic dissection, recent major
trauma/surgery/head injury,
gastrointestinal bleeding within the past
month, known bleeding disorder,
noncompressible punctures in the past
24 h

Poorly controlled hypertension
(Pas>180 mmHg or Pad>110 mmHg),
transient ischemic attack in the last

6 months, current use of anticoagulant
therapy, pregnancy or within 1 week
postpartum, advanced liver disease,
infective endocarditis, active peptic ulcer,
prolonged or traumatic resuscitation

Relative

As occurred in our patient, inferior myocar-
dial infarction is frequently associated with
bradyarrhythmias, from sinus bradycardia to
atrioventricular (AV) blocks. Sinus bradycardia,
first-degree AV block, and second-degree AV
block type I usually do not require specific treat-
ment; in case of symptoms or severe hypoten-
sion, IV atropine should be administered, and if
not effective, temporary pacing should be
started. All medications interfering with
electrical conduction should be withheld.
Second-degree, type II, and third-degree atrio-
ventricular blocks usually need temporary pac-
ing, especially if concomitant hypotension or
heart failure is present.

AV blocks developing during inferior infarc-
tion are usually supra-Hisian and reversible with
the restoration of coronary perfusion, and they
carry a good prognosis. The ECG shows an
escape rhythm with narrow QRS. In case of ante-
rior MI, the presence of an AV block underlines
the existence of an extensive necrosis, interesting
electrical conduction ways; the block is usually
infra-Hisian with a low escape, wide QRS
rhythm. A new bundle branch block or a new
hemiblock should be highly monitored because
they often precede a complete AV block.

Atrial fibrillation is also very common in
STEMI patients, especially in the presence of
heart failure [34]. Anticoagulation should be
started if not contraindicated, and effective rate
control achieved in order to reduce myocardial
oxygen demand. In case of hemodynamic insta-

M.V. Matassini and M. Shkoza

bility or ongoing ischemia, urgent electrical car-
dioversion is indicated, while pharmacological
cardioversion could be achieved with amioda-
rone in stable patients with recent arrhythmia
onset. For further details on atrial fibrillation
management, see Chap. 20.

Ventricular arrhythmias (VA) vary from ven-
tricular premature beats to non-sustained and
sustained ventricular tachycardias (VT) to ven-
tricular fibrillation. The prevalence of ventricular
arrhythmias has been investigated in the fibrino-
lytic era [35] and, later, in the primary percutane-
ous coronary intervention era [36]: VA remain
fairly common even if the real incidence may be
underestimated because MI resulting in
prehospital sudden cardiac death could have not
been considered in evaluating studies.

Ventricular premature beats and non-sustained
VT are really common in the first days from
MI. Treatment is not recommended [ 1] unless non-
sustained VT causes hemodynamic instability.

Sustained monomorphic VT are often not tol-
erated, especially in the presence of worse left
ventricular dysfunction; moreover, they may pro-
duce ischemia and degenerate in ventricular
fibrillation.

In hemodynamically unstable patients, electri-
cal cardioversion is mandatory. In stable VT,
diagnosis and treatment should be prompt
because of the risk of rapid deterioration of clini-
cal and hemodynamic conditions. If the patient is
stable, IV amiodarone, sotalol, or lidocaine could
be attempted, even if conversion rates are low.

For polymorphic VT and ventricular fibrilla-
tion, the first therapy consists of immediate defi-
brillation [37]. If polymorphic VT develop in the
setting of bradycardia, a temporary pacing at
higher rate should be started.

For further details in the management of ven-
tricular arrhythmias and long-term risk evalua-
tion for sudden death, see Chap. 18.

Long-Term Therapies for ST-Segment
Elevation Myocardial Infarction

Long-term management of patients with acute
coronary syndrome with ST elevation consists of
lifestyle changes, risk factor control, and long-
term drug therapy.
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Lifestyle changes are mainly represented by
interruption of smoking, diet and weight control,
and regular physical activity. Blood pressure
should be regularly controlled with the following
target: systolic pressure <140 mmHg.

If available, exercise-based rehabilitation is
strongly recommended; different studies showed
positive effects of cardiac rehabilitation in terms
of mortality, reinfarction, and quality of life [38].
Rehabilitation also favors achievement of a better
risk factor control and correct titration of accepted
therapy, as beta-blockers.

Aspirin therapy is indicated indefinitely after
STEMLI, or if not tolerated, clopidogrel should be
used. The combination of dual antiplatelet ther-
apy is recommended for up to 12 months after
STEMI, with a minimum of 1 month for patients
receiving PCI and bare-metal stents and 6 months
for patients receiving PCI and drug-eluting stent.
Dual antiplatelet therapy should be maintained
up to 1 year in patients with STEMI who did not
receive a stent.

Oral beta-blockers must be introduced during
hospital stay and continued thereafter in all
patients without contraindications. High-dose
statins early after admission are indicated in all
STEMI patients without contraindication or his-
tory of intolerance, regardless of initial choles-
terol concentrations. A target value of <70 mg of
LDL cholesterol must be reached, and regularly a
lipid profile must be assessed.

Angiotensin-converting enzyme, or if not tol-
erated angiotensin receptor blocker, is indicated
in patients with an impaired ejection fraction
(EF <40 %), with heart failure in the early phase,
and with diabetes. However, they may be consid-
ered in all STEMI patients for their modest effect
on mortality.

Finally, aldosterone antagonists should be
considered for patients with at least mild left ven-
tricular dysfunction (EF <40 %) and heart failure
or for diabetic patients, provided that no renal
failure or hyperkalemia is present.
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