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9.1	 �Case 1

A 61-year-old man with a history of arterial 
hypertension, obesity (BMI  =  42  kg/m2), and 
tobacco smoking presented to ER complaining of 
severe oppressive chest pain for the past 2 h, radi-
ated to the left upper arm and to the back side 
associated with profuse and cold sweating. The 
pain started at rest, worsened with minimal exer-
tion and was unaffected by respirations.

An EKG was recorded (Fig.  9.1) and, given 
the persistence of symptoms, the patient was sent 
to cath lab for coronary angiography.

9.1.1	 �EKG Analysis

Sinus tachycardia, 105  bpm. P waves show a 
prominent negative terminal component in V1, 
which, together with a prolonged (110  ms) P 
wave duration in DII, is diagnostic for a left atrial 
strain. The PR segment is isoelectric and of nor-
mal duration (160 ms). QRS has a left anterior 
fascicular block morphology, with an axis of 
−45°; there is a slow progression of the R wave 
in the precordial leads and QS complexes in V1 
and V2, possibly secondary to the left anterior 

fascicular block. ST segment is quite abnormal 
with an almost 1.5  mm ST-segment elevation 
(ST↑) in aVR and a 1  mm ST↑ in V1 together 
with reciprocal ST-segment depression (ST↓) in 
DII, aVF, DIII and from V3 to V6; negative T 
wave is recorded in DI and VL.

This EKG, coupled with the clinical presenta-
tion, is strongly suggestive for an acute coronary 
syndrome secondary to either acute subocclu-
sion or even occlusion with good collateral cir-
culation of the left main trunk or its equivalent 
(left anterior descending plus left circumflex 
coronary artery). The clues are the marked ST↑ 
in VR more than in V1, the reciprocal ST↓ in at 
least 7 other leads and the left anterior fascicular 
block.

A similar EKG may however be of difficult 
interpretation in all the patients with an acute 
coronary syndrome because of large interindi-
vidual variability of coronary anatomy, a possible 
presence of a well-developed collateral circula-
tion, pre-existent myocardial infarction (MI), or a 
prior coronary artery bypass surgery [1].

The coronary angiogram showed as a culprit 
lesion an acute thrombotic occlusion of the prox-
imal left anterior descending coronary artery dis-
tal to the origin of the first diagonal branch.

It was also evident a severe (70%) stenosis of 
the first diagonal branch, an 80% proximal steno-
sis of the left circumflex coronary artery, and a 
50% stenosis of the right coronary artery. This 
was a left main trunk equivalent picture.
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The patient was treated with optimal medi-
cal therapy (aspirin, heparin, ticagrelor, atorv-
astatin) together with PCI on the proximal left 
anterior descending coronary artery; the pain 
solved. A week later a second PCI on the cir-
cumflex and on the first diagonal branch was 
performed. The echocardiogram upon presenta-
tion showed a dilated left ventricle with an 
ejection fraction (EF) = 35%, an akinesia of the 
inter-ventricular septum and of the anterolat-
eral wall together with a moderate dilation of 
the left atrium.

During hospitalization, after PCI, the patient 
improved clinically and echocardiographically, 
with EF reaching 45% prior to dismission.

A left main trunk disease ( or equivalent) may 
be somewhat nonspecific but an ST↑ in lead aVR 
> V1 should raise the suspicion for this severe 
condition, especially if accompanied by a diffuse 
ST↓ in at least 7 leads and presence of a conduc-
tion disturbance such as right bundle branch 
block or left anterior fascicular block.

9.1.2	 �Introduction and Definition

The term MI should be used when there is evi-
dence of myocardial necrosis in a clinical setting 

consistent with acute myocardial ischemia. The 
recently revised universal definition of MI [2] 
focuses on the rise and/or fall of cardiac troponins 
with at least one value above the 99th percentile 
upper reference limit (URL) as a mandatory sign 
together with at least another criterion among 
symptoms of myocardial ischemia, new or pre-
sumed new significant ST-segment–T wave (ST–
T) changes or new left bundle branch block 
(LBBB), development of pathological Q waves, 
evidence of new loss of viable myocardium or 
new regional wall motion abnormality, or identi-
fication of an intracoronary thrombus by angiog-
raphy or autopsy.

9.1.3	 �Classification

The EKG allows clinicians to distinguish between 
ST segment elevation MI (STEMI) [3] and non-
ST elevation acute coronary syndromes 
(NSTEMI, a broad term which encompasses non-
ST elevation MI and unstable angina according 
to whether or not there’s a rise and/or fall of car-
diac troponins in the blood) [4]. This is a simple 
yet crucial distinction in that it influences the 
treatment, with the first group of patients going 
necessarily straight to the cath-lab.

Fig. 9.1  Case 1, 12-lead EKG
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The most widely accepted clinical/pathologi-
cal classification distinguishes 5 types of MI:

•	 Type 1: MI is the spontaneous one, related to 
atherothrombosis;

•	 Type 2: MI is secondary to an imbalance 
between myocardial oxygen supply and/or 
demand;

•	 Type 3: MI is the one resulting in death when 
biomarker values are unavailable;

•	 Type 4a: MI is the one related to percutaneous 
coronary intervention (PCI);

•	 Type 4b: MI is the one related to stent 
thrombosis;

•	 Type 5: MI is related to coronary artery bypass 
grafting (CABG).

9.1.4	 �Epidemiology

Ischemic heart disease (IHD) is the most com-
mon cause of death worldwide. Its prevalence is 
increasing, even though IHD related mortality 
has been decreasing in Europe over the past three 
decades. IHD now accounts for 20% of all deaths 
in Europe. The relative incidences of STEMI and 
NSTEMI are decreasing and increasing, respec-
tively, with NSTEMI presentation being more 
diffused nowadays.

9.1.5	 �Mechanisms of EKG Changes 
Under Ischemic Conditions

EKG is a fundamental diagnostic tool in the set-
ting of suspected myocardial ischemia. Ischemia 
produces complex changes in the EKG, involving 
the QRS complex and, mostly, the repolarization 
phase (ST-segment).

It was since the 1960s [5] that the theories of 
diastolic and systolic currents were proposed to 
explain the ST-segment displacement, based on 
animal experiments. These theories rely on the 
observation that under ischemic conditions, the 
cardiac action potential is modified with shorten-
ing of the action potential duration, and a slowing 
of the rapid 0 phase of the action potential 

(upstroke); also an increase of the baseline poten-
tial (which becomes less negative) was demon-
strated [6, 7]. This last is due to: (1) the depletion 
of ATP in the ischemic tissues, which determines 
an opening of ATP regulated K channels, thus 
increasing the extracellular K+ content and (2) by 
the increased H+ ions concentration in the cells due 
to the production of lactic acid (which is necessary 
to keep glycolysis active when the cell gets short 
of oxygen); the H+ ions will then be exchanged for 
Na+ ions, which in turn will be exchanged for Ca++ 
ions by the Na+/Ca++ exchanger.

The increased intracellular Ca++ concentration 
will render the diastolic membrane potential less 
negative, thus provoking the inactivation of Na+ 
channels; the result is a slowing of phase 0 
(upstroke). This mechanism leads to the ischemic 
slowing of conduction, which may facilitate re-
entry circuits and thus ventricular arrhythmias.

Moreover, the repolarization phase will be 
accelerated, because of a reduction of Ca++ cur-
rent flowing into the cell (due to a reduced outer 
to inner Ca++ gradient) and an increase in K+ cur-
rent flowing out of the cells, mainly because of 
the opening of the ATP regulated K+ channel.

These changes inevitably produce an electric 
heterogeneity between the ischemic myocardium 
and the normally perfused myocardium, which 
provides the basis for both the electrocardio-
graphic changes and the arrhythmic risk inherent 
to ischemia.

In particular, during diastole, there’s a current 
flowing from the ischemic region (which is less 
negative) and the normally perfused myocar-
dium; this is called the diastolic current of injury 
and is responsible for the TQ segment depres-
sion. In turn, this TQ segment depression will 
appear as an -ST↑ since EKG recorders used in 
clinical practice automatically compensate for 
any shift of the -TQ segment by placing it at the 
isoelectric line. In other words, according to the 
diastolic current of injury hypothesis, the ST↑ 
observed during transmural ischemia is an appar-
ent phenomenon, reflecting the depression of the 
TQ segment.

However, there’s also evidence for systolic 
currents of injury, because of the systolic voltage 
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gradient that determines a current flow from the 
normally perfused myocardium to the ischemic 
region. This happens mainly during phase 2 (pla-
teau) of the action potential, since this phase is 
shorter and during this phase the myocardium is 
less positive in the ischemic region, but also 
during phase O (upstroke), which is slower in 
the  ischemic myocardium as compared to the 
normally perfused one. This will be recorded as a 
positive displacement of the ST segment and as 
hyperacute giant T waves by an electrode explor-
ing the ischemic region.

In addition to these diastolic and systolic cur-
rents, which flow parallel to the epicardial surface, 
there are several experiments that have suggested 
the presence of transmural currents, directed per-
pendicularly to the epicardial surface. This is due 
to the transmural differences in those cellular 
mechanisms that were explained previously; most 
notably, in particular, the Na+ current mediating 
phase 0 shows different inactivation kinetics 
between the endocardium and the epicardium [8], 
inactivating earlier, at more negative membrane 
voltages in the latter as compared to the former. 
This produces a dramatic slowing of the conduc-
tion between the endocardium and epicardium and 
creates, once again, a voltage gradient, this time 
between the endocardium and the epicardium, 
which will contribute to the ST↑ as seen by elec-
trodes over the transmurally ischemic area.

From these basic observations, we can under-
stand how the correct EKG interpretation, 
focusing on repolarization alterations, may aid 
to identify the ischemic segment(s) in case of 
transmural ischemia and thus the vessel most 
likely involved.

9.1.6	 �Left Main Disease  
or Its Equivalents

There are two very different clinical and electro-
cardiographic presentations of patients with an 
acute coronary syndrome secondary to a left 
main trunk disease or its equivalents (proximal 
left anterior descending coronary artery plus left 
circumflex) (Fig. 9.2):

	1.	 The occlusion of the left main trunk with a 
poorly developed collateral circulation;

	2.	 The subocclusion with scarce collaterals or the 
occlusion with well-developed collaterals [9].

9.1.6.1	 �Occlusion of the Left Main 
Trunk with Poorly Developed 
Collaterals

In this case, patients usually show a significant 
hemodynamic compromise or even die before 
reaching the hospital because of cardiac arrest. 
When these patients survive, they usually show a 
cardiogenic shock and an EKG STEMI pattern 
with a significant ST↑ in multiple precordial 
leads starting from V2. This pattern differs from 
what is usually recorded in case of an acute 
occlusion of the left anterior descending artery 
proximal to the origin of the first septal and the 
first diagonal branches, in which there’s a signifi-
cant ST↑ even in V1 and VR. This difference is 
due to the concurrent involvement of left circum-
flex artery territory in case of a left main trunk 
occlusion with poorly developed collaterals [10].

Thus, an isoelectric ST segment in V1 (and 
usually aVR) in a patient with ST↑ in multiple 
precordial leads (V2 to V4–V6) and DI/VL and 

Sub-occlusion of left main trunk
or

occlusion of left main trunk with well
developed collateral circulation

•  aVR ST↑ > 1 mm (aVR ST↑ > V1 ST↑)
•  Reciprocal ST↓ in at least 7 other leads

•  ST↑ in V2-V6, I, aVL
•  Reciprocal ST↓ in aVF, II, III
•  Isoelectric ST in V1

Occlusion of left main trunk with a poorly
developed collateral circulation

Fig. 9.2  Different 
electrocardiographic 
presentation of acute 
coronary syndrome 
secondary to a left main 
trunk disease or its 
equivalents

E. Baiocco et al.
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ST↓ in the inferior leads [11] suggests an acute 
complete occlusion of the left main coronary 
artery with a poor collateral circulation, espe-
cially if accomplished with a newly developed 
right bundle branch block and/or left anterior fas-
cicular block.

These conduction disturbances are due to the 
poor blood flow circulation to the right bundle and 
left anterior fascicle, which relies on the septal 
perforator branches (usually the first septal branch, 
S1) of the proximal left anterior descending artery. 
The development of a bifascicular block in patients 
with STEMI portends a poor prognosis, with a 
30% risk of complete heart block [12, 13], that by 
itself carries an almost 80% risk of mortality in 
this setting [14].

9.1.6.2	 �Subocclusion of the Left Main 
Trunk or Occlusion of the Left 
Main Trunk with Developed 
Collaterals

The clinical and EKG picture of patients with an 
acute coronary syndrome secondary to a 
subocclusion of the left main trunk or to an occlu-
sion of this artery with well-developed collaterals 
is that of an NSTEMI with an ST↓ in usually at 
least 7 leads and an ST↑ ≥1 mm in VR and often 
V1, with the ST↑ in VR > V1 (because the electri-
cal forces due to posterior wall ischemia, second-
ary to left circumflex artery involvement, 
counterbalance the forces due to anterior wall 
ischemia secondary to left anterior descending 
artery involvement and thus bring the ST seg-
ment in lead V1 closer to the isoelectric) [15].

The lead VR is often ignored in EKG interpre-
tation; it may be referred to as “the neglected 

lead” in past; however, in the ischemic condition 
may be of great diagnostic importance. Regarding 
the electrophysiological mechanisms underlying 
ST↑ in lead VR, there are two possibilities: the 
first is that a diffuse anterolateral sub-endocardial 
ischemia produces an ST↑ in VR as a reciprocal 
change; the other is that this may represent an 
acute transmural ischemic injury of the walls 
directly explored by lead VR, including the basal 
portion of the interventricular septum [16].

As for the prognostic significance of ST↑ in 
VR, there is discordance in the medical literature, 
with some but not all data suggesting a strong 
correlation to the 30-day mortality [17, 18]. 
Clinicians should be alert and aware of the clini-
cal relevance of this EKG sign.

9.2	 �Case 2

A 57-year-old man, cigarette smoker, without any 
other risk factor, awakened early morning with a 
severe substernal chest pain, neck, shoulder and 
left arm radiated, associated with dyspnea. 
Because of pain persistence and its increasing 
intensity he called the emergency medical care.

9.2.1	 EKG Analysis

The electrocardiogram was the following: irregular 
rhythm at 87 bpm. Absence of P waves and presence 
of small irregular oscillation in all leads, typical of 
atrial fibrillation. Narrow QRS complex. Evident 
ST segment elevation, of 6 mm, in lead V1–V3, I 

Fig. 9.3  Case 2, 12-lead EKG
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and aVL associated with reciprocal ST-depression 
in inferior leads (II, III, aVF) and V6 (Fig. 9.3).

Clinical presentation and electrocardiogram 
both suggest an extensive acute anterior myocar-
dial infarction.

A relevant ST elevation (>2.5 mm) in lead V1 
and reciprocal changes in inferior leads with high 
ST deviation (>1  mm) suggest a proximal left 
anterior descending occlusion.

An echocardiography was performed and 
revealed hypokinesia of left ventricle anterior 
wall and apex. After 30  min the patient under-
went coronary angiography which disclosed only 
a distal occlusion of the left anterior descending 
artery. Aspiration thrombectomy and angioplasty 
was performed with subsequent stent implant.

The discrepancy between the angiography 
result and the electrocardiographic pattern sug-
gests that other mechanisms might be suspected 
such coronary vasospasm with possible occlu-
sion, at the time of infarction, that lately may dis-
appear due to recanalization or lysis of the 
thrombus. Moreover, atrial fibrillation is the most 
frequent cause of coronary artery embolism, a 
rare but important nonatherosclerotic cause of 
acute myocardial infarction.

9.2.2	 �Anterior Myocardial Infarction

Anterior myocardial infarction is the most rele-
vant form of infarct because it is burdened by a 
high risk of short-term mortality and also of 
subsequent deterioration of left ventricular 

function. Prognosis following MI is mostly 
related to the infarct size rather than to infarct 
location and the more proximal the occlusion 
the less favorable is prognosis. Anterior MI is 
generally associated with the most extensive left 
ventricular damage [19].

Anterior wall infarct is due to occlusion of 
the left anterior descending artery (LAD), the 
most important of the three main coronary arter-
ies that supplies over half of the heart muscle.

LAD gives rise to septal and diagonal branches 
and occasionally to intermediate branches. The 
septal branches supply the anterior two-thirds of 
the interventricular septum and the diagonal 
branches supply the anterolateral ventricular 
wall. Distal LAD supplies the inferoapical part 
and, when wrapped around the apex, supplies the 
area beyond that.

According to Engelen et al. [10], LAD occlu-
sions at different sites led to electrocardiographi-
cally four different patterns (Fig. 9.4):

	1.	 Proximal to the septal and diagonal branches;
	2.	 Before the first diagonal but distal to the first 

septal branch;
	3.	 Before the first septal but distal to the first 

diagonal branch;
	4.	 Distal to the first septal and diagonal branches.

The ST↑ in leads V2 and V3 indicates occlu-
sion of the LAD, especially when V3 ST↑ > V1 
ST↑. These findings represent a specific marker 
of anterior MI and are common to all the above-
mentioned cases.

ST↑ V1-V3
V3 ST↑> V1 ST↑

•  V1 ST↑ > 2,5 mm

•  ST↓ > 1 mm in II,III,aVF

•  ST↑ in aVR and aVL

•  RBBB with q wave in V1

Proximal LAD occlusion before
S1 and D1

LAD occlusion before D1
and distal S1

LAD occlusion before S1
and distal D1

Distal LAD occlusion
after D1 and S1

•  ST↑ in I and aVL

•  ST↑ in V5 and V6

•  ST↓ II,III,aVF

•  ST↑ in II,III,aVF

•  ST↓ in aVL and I

•  ST↓ <1 mm in II,III,aVF

   or ST↑ in II,III,aVF

•  q wave in V4,V5 and V6

Fig. 9.4  Electrocardiographic patterns of left anterior descending artery (LAD) occlusion

E. Baiocco et al.
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	1.	 The very proximal LAD occlusion, before the 
septal and diagonal branches, results in isch-
emia of all areas perfused by the left anterior 
descending coronary. Injury current vector is 
directed towards the damaged myocardium 
area, so it pointing superiorly (>−80 < −100°) 
and forward.

EKG shows:

•	 ST↑ in leads V1-V3 (usually V1 ST↑ 
>2.5 mm);

•	 ST↑ in leads VR and VL;
•	 Reciprocal ST↓ II, III, VF (ST↓ >1.0 mm);
•	 Reciprocal ST↓ in leads V5-V6;
•	 Additionally, a new right bundle branch block 

(RBBB).

ST↑ in VR is specific for LAD occlusion prox-
imal to S1 and it is consequent to transmural 
ischemia of the basal part of the septum. However, 
this finding could be absence due to the counter-
balance of the septal ischemia by ischemia in 
other larger areas perfused by the LAD.

ST↓ in the inferior leads represents reciprocal 
changes associated with ischemia in the antero-
basal region. It is the most important sign of a 
proximal occlusion of the left anterior descen-
dant. The amount of deviation result is signifi-
cantly higher in proximal LAD occlusion and 
ST↓ >1.0 mm is strongly predictive of a culprit 
lesion proximal to the origin of the first diagonal 
branch [20].

During an anterior MI, a new onset of right 
bundle branch block (RBBB) with a Q wave 
preceding the R wave in lead V1 is a specific 
marker of extensive myocardial damage and 
identify high risk patients. S1 supplies the distal 
part of the bundle of His and proximal bundle 
branches, thus RBBB may be a consequence of 
LAD occlusion proximally to S1. When RBBB 
occurs in association with a left anterior hemi-
block, the risk of progression to a complete AV 
block is high [21].

	2.	 LAD occlusion of the first diagonal (distal to 
septal branches) or intermediate branches 
results in ischemia of anterolateral wall. 

Therefore, ST segment vector is directed toward 
left leads. EKG pattern is characterized by:

•	 ST↑ in V2-V4 leads;
•	 ST↑ mainly in I and aVL, fewer in V5 and 

V6 leads and possibly in II lead (unlike the 
left circumflex artery (LCx) occlusion, 
when the anterior descending artery is 
involved, ST segment elevation is evident 
not only in the lateral leads, but also in 
anterior leads) [22].

•	 Mild reciprocal ST↓ in III and aVF

	3.	 The occlusion of the LAD proximal to the 
main septal branch but distal to first 
diagonal branch preserves the areas per-
fused by D1 and leads to the ischemia of the 
septum and inferoapical ventricular wall. 
This type of occlusion results in inferior 
and  rightward direction of injury current 
vectors.

•	 ST↑ in V2–V4 leads;
•	 ST↑ in inferior leads (II, III, aVF);
•	 Reciprocal ST↓ in I and VL leads (unlike 

the inferior myocardial infarction sup-
ported by right coronary artery (RCA) 
occlusion, when the anterior descending 
artery is involved, ST segment elevation is 
evident not only in the inferior leads, but 
also in anterior) [10, 22].

	4.	 Occlusion of left anterior descending artery 
after the origin of the S1 and D1 produces 
ischemia of inferoapical ventricular area [8]. 
ST segment vector is directed inferiorly and 
leftward.

EKG shows:

•	 ST↑ in V1-V3;
•	 Reciprocal ST↓ <1 mm in II, III, aVF, some-

times ST↑ in inferior leads
•	 Pathological Q waves in V4-V5 and possibly 

in V6 leads identify a preserved early septal 
activation with the vector directed away from 
the left leads. However, these waves have 
pathological characteristics consequent to 
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the slowed electrical activity in the ischemia 
areas [22].

9.3	 �Case 3

A 72-year-old man was referred to our hospital 
because of sudden onset of chest pain at rest irra-
diated to the neck and to the left arm lasting 
30  min. The patient was also sweaty and dys-
pneic. He had a history of diabetes mellitus type 
II and was a tobacco smoker (20 cigarettes/day). 
A surface EKG was obtained (Fig. 9.5).

9.3.1	 EKG Analysis

Sinus rhythm, heart rate 88  bpm, normal atrio-
ventricular conduction (PQ 160  ms), electrical 
axis +75°, normal interventricular conduction 
(QRS width 90 ms), a high and unexpected high 
R wave in lead V3. There are significant 
ST-segment elevations in all inferior leads: 2 mm 
in lead III, 1 mm in lead aVF and 0.5 mm in lead 
II.  In the peripheral lateral leads is visible an 
ST↓: 1.5 mm in lead VL and 1 mm in lead I. In 
VL the ST↓ is followed by a T wave inversion.

In lead I a biphasic (negative-positive) T wave 
is present. In the precordial leads V2, V3, and V4 

Fig. 9.5  Case 3, 12-lead EKG

E. Baiocco et al.
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an ST↓ is visible: 1.2 mm in lead V2, 2.2 mm in 
lead V3, and 0.8 in lead V4. QTc 436 ms.

This EKG together with the patient’s symp-
toms was strongly suggestive of inferior acute 
ST-elevation MI.

In order to find an ischemic involvement of 
the right ventricle, even if the ST-segment in 
lead V1 was not elevated, the right precordial 
leads (Fig.  9.6) were recorded. An EKG with 
posterior precordial leads (Fig.  9.7) was also 
recorded in order to exclude a posterior 
MI.  This EKG showed an ST↑ of 0.5  mm in 
leads V8 and V9.

The patient was urgently brought to the cath lab 
for a coronarography and possibly PCI. We sug-
gested the right coronary to be the culprit lesion.

	1.	 ST↑ is higher in lead III than in lead II;
	2.	 There is a reciprocal ST↓ in leads I and VL 

and the depression is deeper in lead aVL;
	3.	 S/R-wave ratio in lead aVL is 1.4 (see below 

in the text);
	4.	 The T-wave amplitude in lead III is greater 

than in lead II and there is a positive biphasic 
T wave in lead V5R (see below in the text).

All these signs are highly suggestive for a cul-
prit lesion localized in RCA.  Furthermore, we 
suspected the occlusion to be in the distal part of 
RCA (after the origin of acute marginal artery) 
since the right ventricle was not involved:

	1.	 ST↑ in lead V1;
	2.	 Not ST↑ in precordial right leads;
	3.	 V3/III ratio 1.1 (see below in the text).

We also hypothesized that the RCA gave ori-
gin to the interventricular posterior artery (right 
dominancy). We thought of that because of the 
involvement of the posterior wall visible with a 
high R in V3 greater than in V4, ST-depression 
in leads V2 and V3 and a mild ST↑ in the poste-
rior precordial leads V8 and V9. The coronary 
angiography revealed an acute thrombotic occlu-
sion of a dominant RCA in the intermediate por-
tion (after the origin of the marginal artery). The 
patient underwent a PCI with implant of two 
drug eluting stents (DES). The other major coro-
nary arteries were free from severe stenosis. 
Transthoracic echocardiography (TTE) showed 
an akinesia of the inferior wall and of the basal 
segment of the posterior wall of the left ventricle 
and the LVEF was 41%. The right ventricle 
dimension and function was normal.

9.3.2	 �Acute Inferior Myocardial 
Infarction

The acute inferior MI is usually characterized by 
the clinical symptoms and signs together with 

Fig. 9.6  Case 3 right precordial leads EKG
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electrocardiographic modifications: ST↑ >1 mV 
in ≥2 inferior leads (II, III, VF). Sometimes 
other ST-segment modifications in I, aVL and 
precordial leads might be present. The vascular-
ization of the inferior wall of the heart is often 
given by the right coronary artery (RCA) and in 
a less number of cases (10–18%) by the left cir-
cumflex artery (LCx). In 1% of cases the left 
anterior descending artery is responsible for this 
area [22, 23]. Prognosis is poorer in ACS due to 
RCA occlusion than when ACS is due to LCx. 
RCA is responsible for vascularization of sinus 
node in 60% of cases meanwhile LCx only in 
40%; the atrioventricular node is vascularized by 
RCA in 90% of patients and by LCx in 10%; the 
RCA often supplies the bundle of His. An infe-
rior infarction consequence of RCA occlusion 
can be more frequently complicated by conduc-
tion abnormalities such as sinus bradycardia, 
sinus-atrial blocks, and different degrees of 
atrioventricular block. Furthermore, an inferior 
ST-elevation ACS due to RCA occlusion may 
involve also the right ventricle especially when 
the occlusion is in the first part of RCA, before 
the origin of the marginal acute artery [8, 24].

When the RCA is involved the ST↑ vector is 
directed downwards and toward the right 
(Fig. 9.8). At the EKG this direction is visible as:

•	 ST↑ in lead III > lead II;
•	 ST↓ in leads I and VL;
•	 ST↓ in lead VL is greater than in lead I;
•	 Additional ST↑ in lead V1 can be a sign of a 

proximal occlusion of the RCA with involve-
ment of the right ventricle.

Fig. 9.7  Case 3 
posterior precordial 
leads EKG

ST↑  II, aVF, III

•  ST↑ II > III
•  No ST↓ in aVL
•   ST↑ in V5-V6
•   ST↓ in V2-V3

•  ST↑  III > II

•  ST↓  in I, aVL

•  ST↓ in aVL > I

•  ST↑ in V1, V4R or both

RCA occlusion

Proximal RCA occlusion
with possible involvement of

right ventricle

LCx occlusion

Fig. 9.8  Electrocardiographic patterns of inferior myo-
cardial infarction due to right coronary artery (RCA) or 
left circumflex artery (LCx) occlusion
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On the other hand, when the inferior MI is due 
to an occlusion of LCx the ST↑ vector is directed 
downwards and towards left. This orientation 
means:

•	 ST↑ in lead II > lead III;
•	 Usually ST↑ in lead I;
•	 ST-segment isoelectric or ST↑ in lead VL;
•	 ST↑ in leads V5 and V6 can be present [8];
•	 ST↓ in leads V2 and V3, more frequently 

when the culprit artery is LCx or not-proximal 
RCA [24].

Not all these ST-segment variations are always 
present at the same time, but when more than one 
is visible the predictive power increases. There 
are some EKG-tricks that can help us to identify 
the culprit vessel more surely.

•	 ST↑ in lead III > II associated with ST↓ in 
lead VL > I is predictive of RCA occlusion. 
Conversely when the previous criteria are both 
absent the culprit lesion is LCx [25].

•	 The ratio between the magnitude of ST↓ in 
lead V3 and ST↑ in lead III (V3/III ratio) <0.5 
is predictive for a proximal RCA occlusion 
(before the marginal artery), V3/III ratio ≥0.5 
and ≤1.2 for distal RCA occlusion and V3/III 
ratio >1.2 for an LCx occlusion [24].

•	 The ratio between the S wave and the R wave 
in lead aVL (S/R-wave ratio) ≤0.33 associ-
ated to ST↓ in lead VL ≤1 mm is suggestive of 
LCx-related infarction. An S/R-wave ratio 
>0.33 and an ST↓ in lead VL >1  mm is a 
marker for RCA-related infarction [26].

•	 In the early phases of the infarction a T-wave 
amplitude in lead III ≥ lead II and an upright 
or positive biphasic T wave in leads V4R and/
or V5R are predictive for RCA-related infarc-
tion [8, 27].

9.4	 �Acute Lateral Myocardial 
Infarction

The acute lateral MI usually is caused by the 
occlusion of the LCx or one of its principal 
branches as the first obtuse marginal artery. In a 

smaller number of cases the culprit lesion is in 
the first diagonal branch of the LAD. At the EKG 
it is characterized by:

•	 ST↑ >1 mV in leads aVL and I and/or in leads 
V5 and V6.

When all the lateral leads are not involved we 
can distinguish:

•	 High lateral infarction: ST↑only in leads VL 
and I;

•	 Low lateral infarction: ST↑only in leads V5 
and V6.

Sometimes reciprocal ST↓ in inferior leads 
might be present. Usually ST in right precordial 
leads (V1-V3) is isoelectric or depressed [22, 
23]. Sometimes an ST↑ can be visible in lead V3 
when the first diagonal branch is involved [28]. 
The acute lateral infarction can often be a portion 
of larger infarctions such as the extended anterior 
infarctions or inferior-posterior-lateral.

9.5	 �Acute Right Ventricle 
Myocardial Infarction

The acute right ventricle MI is due to occlusion of 
the proximal RCA (before the acute marginal 
artery) or in case of isolated occlusion of the acute 
marginal artery. In the first option the EKG 
showed the already described modifications of the 
RCA-related inferior MI with the involvement of 
the right ventricle. The second and rarer option 
configures the “isolated” right ventricle MI.

This infarction can be recognized thorough 
EKG by some typical signs:

•	 ST↑ >1 mV in lead V4R;
•	 Upright T wave in lead V4R;
•	 ST↑ in leads V3R, V5R, and V6R (less 

enhanced ST↑ in case of concomitant inferior 
MI);

•	 Usually ST↑ in lead V1;
•	 ST↑ in leads V1, V2, and V3 (with ST↑ in V1 

> V2 > V3) in case of right ventricle enlarge-
ment [8, 22, 23].
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