
• Anteroseptal: V1 a V3 y a veces V4
• Anterior: V2 a V4
• Anterolateral: V4 a V6
• Lateral: I y aVL
• Inferior: II, III y aVF
• Posterior: R alta en V1 y V2 

11. ST Segment

What It Represents
!e ST segment represents the interval between the end of ventricular depolarization 
(QRS complex) and the beginning of the repolarization (T wave). It is identi"ed as 
the segment between the end of the QRS complex and the beginning of the T wave.

What to Identify

 ! Amount of elevation or depression, in millimeters, relative to the TP segment (end 
of the T wave to the beginning of the P wave)
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)

3
2

3
2

1

1
0

ST elevation = 1.5 mm ST depression = 2 mm

 ! ST segment morphology:

ST ELEVATION:

ST DEPRESSION:

Concave upward Convex upward

Horizontal Downsloping Upsloping

Definitions

 ! Normal R wave progression: Transition zone = V2-V4, with increasing R wave  
amplitude across the precordial leads. (Exception: R wave in V5 o#en exceeds 
R wave in V6.)

 ! Poor R wave progression: Transition zone = V5 or V6

 ! Reverse R wave progression: Decreasing R wave amplitude across the precordial leads

10. Q Waves

How to Identify
A Q wave is present when the "rst de%ection of the QRS is negative. If the QRS 
consists exclusively of a negative de%ection, that de%ection is considered a Q wave, 
but the complex is referred to as a “QS” complex.

What to Measure
Duration, in seconds, from the beginning to the end (i.e., when it returns to baseline) of the 
Q wave. When the QRS complex consists solely of a Q wave, a “QS” designation is used.

R

q

QS

Q wave duration = 1 small box
= 0.04 seconds

Definitions

 ! Normal Q waves: Small Q waves (duration <0.03 second) are common in most 
leads, except aVR, V2-V3

 ! Abnormal Q waves: Any Q wave in leads V2-V3. Q wave ≥0.03 second in leads I, 
II, aVL, aVF, V4, V5, or V6.

Note: For old or age indeterminate myocardial infarction (MI), Q wave changes must 
be present in at least two continuous leads and must be ≥1 mm in depth.
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artery while the left bundle branches are often supplied via 
septal branches of the LAD. Thus, the conduction system of 
the heart is largely supplied by these two arteries. The pos-
terior descending artery is supplied by the RCA in approxi-
mately 85% of individuals (right dominant), LCX in 10% of 
individuals (left dominant), and by both the LCX and RCA 

in 5% of individuals (co-dominant). The typical coronary 
artery distribution is shown in Figure  2.2.1. Throughout 
this chapter, we will also refer to specific electrocardio-
graphic regions that correlate with the myocardium. The 
leads that correspond with particular regions of the myocar-
dium can be found in Table 2.2.1.

�'HILQLWLRQV�RIb67(0,�DQGb1RQ�67�
(OHYDWLRQ�$&6

The term acute coronary syndrome (ACS) refers to any 
group of clinical symptoms compatible with acute myocar-
dial ischemia and includes unstable angina (UA), non 
ST-segment elevation myocardial infarction (NSTEMI), 
and ST-segment elevation myocardial infarction (STEMI). 
The terms transmural, nontransmural, Q wave MI, and 
non-Q wave MI were historically used to describe STEMI 
but are no longer recommended. The symptoms of UA/
NSTEMI and STEMI are similar, and differentiating the 

7DEOH������� Relation between myocardial walls territories 
DQGb(&*�OHDGV�

&DUGLDF�6HJPHQW ECG Leads

Anteroseptal V1–V3
Apical V4
Inferior II, III, aVF
High lateral I, aVL
Low lateral V5,V6
Posterior V7, V8, V9
Right ventricle V1, V3R, and V4R

12
Inferior

13

8

7

6

2

3

Mitral
Valve

9

5

4

11

10

Tricuspid
Valve NC

RC LC

Right
Ventricle

Septum

Lateral

Anterior

Pulmonic
Valve

)LJXUH������� The included illustration shows the typical coronary anatomy from a coronal superior view of the heart demonstrating 
WKH�UHJLRQV�RI�WKH�P\RFDUGLXP�VXSSOLHG�E\�WKH�GLIIHUHQW�FRURQDU\�DUWHULHV��7KH�ILJXUH�VKRZV�WKH�PLWUDO�YDOYH��WULFXVSLG�YDOYH��
SXOPRQDU\�YDOYH��DQG�DRUWLF�YDOYH��ZKLFK�LV�GLYLGHG�LQ�WKH�QRQFRURQDU\�FXVS��1&���OHIW�FXVS��DQG�ULJKW�FXVS��7KH�DRUWLF�ZDOO�RYHUOLHV�WKH�
VHSWDO�P\RFDUGLDO�ZDOO�ZKLFK�VHSDUDWHV�WKH�ULJKW�DQG�OHIW�YHQWULFOH��7KH�LQIHULRU�ZDOO�LV�DW�WKH�WRS�RI�WKH�SLFWXUH��WKH�DQWHULRU�ZDOO�DW�
WKH�ERWWRP�DQG�WKH�ODWHUDO�ZDOO�WR�WKH�ULJKW��7KH�OHIW�FXVS�W\SLFDOO\�JLYHV�ULVH�WR�WKH�OHIW�PDLQ�FRURQDU\�DUWHU\�>�@��ZKLFK�WKHQ�W\SLFDOO\�
ELIXUFDWHV�LQWR�WKH�OHIW�DQWHULRU�GHVFHQGLQJ��/$'��FRURQDU\�DUWHU\�>�@�DQG�WKH�OHIW�FLUFXPIOH[��/&;��DUWHU\�>�@��EXW�PD\�DOVR�JLYH�ULVH�WR�D�
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WKH�VHSWDO�ZDOO��DQG�WKH�/$'�VXSSOLHV�WKH�DQWHULRU�ZDOO�RI�WKH�OHIW�YHQWULFOH��7KH�REWXVH�PDUJLQDO�EUDQFKHV�RI�WKH�/&;�DOVR�VXSSO\�WKH�
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Anatomía coronaria. 
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Myocardial Infarction

Myocardial infarction (MI) is a major cause of death. Coronary artery atherosclerosis and thrombosis, the 
major causes of MI, precipitate local ischemia and necrosis of a defined myocardial area. Necrosis usually 
occurs approximately 20 to 30 minutes after coronary artery occlusion. Usually, MI begins in the subendocardium 
because this region is the most poorly perfused part of the ventricular wall.

Occlusion 
of proximal 
left anterior
descending 
a. (LAD)

Occlusion of
left circumflex 
coronary a.,
  marginal branch 
  of left circumflex a., 
         or diagonal 
         branch of 
         left anterior 
         descending a.

Occlusion
of distal
circumflex a.

Occlusion 
of inferior 
interventricular 
branch or 
distal right 
coronary aa.

Occlusion of right coronary a. Infarct

Anterior infarct Anterolateral infarct

Diaphragmatic or inferior infarctTrue posterior infarct

Infarct

Infarct

Infarct

Artery and Area Affected by MI
Artery occluded Frequency and affected area

LAD 40–50%; affects anterior and apical left ventricle and anterior two thirds of interventricular septum (IVS)

Right coronary 30–40%; affects posterior wall of left ventricle, posterior one third of IVS (if right-dominant coronary circulation)

Left circumflex 15–20%; affects lateral wall of left ventricle (can also affect posterior wall if left dominant coronary circulation)
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so the lead directly over the heart registers only an unopposed vector moving 
away from it. This causes the waveform to be negative, thus producing a Q wave. 
Next, the lead registers the other vectors contributing to the QRS and the  injured 
tissue that causes ST elevation. The T wave is flipped because of repolarization 
abnormalities generated by the areas of ischemia and injury. The electrode oppo-
site of the infarction sees an unopposed vector coming at it, giving rise to a high 
R wave. This lead registers the zones of ischemia as a pattern of ST depression 
and the injury as an upright T wave. The second lead essentially sees the mirror 
image of what the first electrode saw. The recording made by the lead on the 
wall opposite the MI is registering the reciprocal change of that MI. This con-
cept is particularly important as it relates to looking for ECG changes in areas of 
the heart (posterior and the right ventricle) where there is not a lead directly 
over that area.

ECG Evolution during Myocardial Infarction
During MI the ECG often evolves through three stages (Figure 19-25). First, with 
the acute onset of ischemia, there is the appearance of hyperacute T waves ( peaking) 
followed by T wave inversion. In the presence of actual MI, the T wave can  remain 
inverted for months to years. Next, as the infarction progresses from ischemia to 
actual injury of the myocardium, ST segment elevation occurs. Acutely, the ST seg-
ment elevates and merges with the T wave. If myocardial injury progresses to 
 infarction, the ST segment often returns to baseline within a few hours. Later, if 
perfusion is not restored, there may be loss of R wave height, and new Q waves 

ECG
lead

+

ECG
lead

+

Ischemia

Injury

Infarction

Ischemia

Reciprocal
changes

Changes on affected
side of heart

Injury

Infarction

Figure 19-24
Reciprocal changes are a mirror image (opposite image) that occurs when two leads view the 
same infarction from opposite angles.
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potential. These diastolic injury currents lead to changes in 
the baseline on ECG while the systolic injury currents lead 
to changes in the ST segment. Epicardial injury typically 
leads to ST-segment elevation and baseline depression 
while endocardial injury leads to ST-segment depression 
and baseline elevation. However, the ECG only reveals 
changes to the ST-segment as alternating current (AC)-
coupled amplifiers adjust the ECG to the current baseline 
and therefore do not show changes to the baseline.

ST segment deviation is directed toward the site of 
ischemia. As seen in Figure  2.1.3, this is critical because 
ST-segment elevation seen in one lead may represent acute 
subepicardial injury in the myocardial wall closest to the 
ECG lead but could also represent subendocardial ischemia 
in the myocardial wall on the opposite side of the heart. 
The classic example is reciprocal ST-segment depression in 
the case of acute myocardial infarction. Anteroseptal, ante-
rior, inferior, and lateral ST-segment elevation myocardial 
infarction (STEMI) are typically associated with reciprocal 
changes in other leads. In the case of posterior myocardial 
infarction, the posterior wall of the heart can be seen best 
in leads V1−V3. Acute epicardial injury of the posterior 
wall, therefore, produces ST-segment depression in leads 
V1−V3. Figures 2.1.4 and 2.1.5 serve as examples of poste-
rior myocardial infarction with ST depression seen in the 
precordial leads. It is important not to mistake this finding 

as simply endocardial ischemia in the anterior wall, as epi-
cardial injury represents transmural injury consistent with 
a large infarction.

Acute myocardial injury with pathologic ST-segment 
elevation in two adjacent leads represents a medical emer-
gency and is typically associated with acute closure of one 
of the major epicardial coronary arteries. As will be dis-
cussed in later chapters, ST-segment elevation myocardial 
infarction, or STEMI, is associated with a poor prognosis if 
not immediately treated and may progress to develop path-
ologic Q-waves in the involved leads. These Q waves may 
develop after as little as six hours of symptoms and repre-
sents myocardial necrosis with failure of the regional myo-
cardium to depolarize [4].

The morphology of the ST segment is also important in 
the assessment of ischemia. As a patient becomes tachy-
cardic with either exercise or other stimuli such as pain, 
the ST segment may have an upslope to the isoelectric line. 
While this may technically represent ST depression, 
upsloping ST-segment depression is often nonspecific. 
However, horizontal or downsloping ST depression, espe-
cially involving T-wave inversion, is strongly associated 
with myocardial ischemia. An excellent example of 
dynamic ECG changes with downsloping ST-segment 
depression and T-wave abnormalities consistent with 
ischemia can be found in Figure  2.1.6. While correlation 

OR

OR

(a)

(b)

Figure 2.1.3 ,Q�SDUW�$��ZH�VHH�KRZ�VXEHSLFDUGLDO�LQMXU\�LQ�WKH�DQWHULRU�ZDOO��FORVHVW�WR�WKH�(&*�OHDG�RQ�WKH�ERWWRP��RU�VXEHQGRFDUGLDO�
LVFKHPLD�LQ�WKH�SRVWHULRU�ZDOO�FDQ�UHVXOW�LQ�67�VHJPHQW�HOHYDWLRQ�LQ�WKH�(&*�OHDG��,Q�SDUW�%��ZH�VHH�KRZ�VXEHQGRFDUGLDO�LVFKHPLD�LQ�
WKH�DQWHULRU�ZDOO��FORVHVW�WR�WKH�(&*�OHDG��RU�VXEHSLFDUGLDO�LQMXU\�RI�WKH�SRVWHULRU�ZDOO�FDQ�UHVXOW�LQ�67�VHJPHQW�GHSUHVVLRQ�LQ�WKH�(&*�
OHDG��,VFKHPLD�RU�LQMXU\�LV�GHQRWHG�E\�WKH�VKDGHG�SRUWLRQ�RI�WKH�P\RFDUGLXP�

Isquemia subepicárdica
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Coronary artery disease

  

IMAGE CHALLENGE

Rare but unforgettable cause 
of hypotension

CLINICAL INTRODUCTION
A man in his 70s with previous history of hypertension and 
dyslipidaemia with diagnosis of posterior myocardial infarction 
was admitted directly to catheterisation laboratory to perform 
primary angioplasty (prehospital ECG has sown in figure 1). On 
arrival, the patient was sweating and lethargic; his blood pressure 
was 60/45 mm Hg. First invasive pressure tracing was showed in 

figure 2. The coronary angiography showed total occlusion of 
obtuse marginal artery in proximal segment (figure 3).

QUESTION
What to do next?
A. Emergent pericardiocentesis.
B. Implantation of intra- aortic balloon counterpulsation.
C. Start perfusion of glycoprotein IIb/IIIa inhibitors.
D. Angioplasty of culprit artery.

For answer see page 1704

Figure 1 Prehospital 12- lead electrocardiogram showing ST.

Figure 2 Invasive pressure tracing.

Figure 3 Coronary angiography showing total occlusion of obtuse 
marginal artery.
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 fractures and no symptoms of chest pain or shortness of 
breath but was found to have unusual ST-segment eleva-
tion. STEMI mimics will be covered in depth in a later 
chapter. Another important caveat is the presence of 
ST-segment elevation in leads with Q waves. In patients 
with prior Q wave myocardial infarction, ventricular aneu-
rysm may result in persistent ST-segment elevation and it is 
therefore important to assess symptoms and compare the 
current ECG with a previous ECG when available.

�456�&RPSOH[

The presence of pathologic Q waves can help identify the 
presence of myocardial infarction and remains a critical 

component of separating acute injury pattern from acute 
myocardial infarction. Q waves can be explained by loss of 
voltage in the region of myocardium due to infarction with 
the depolarization wave and resulting electrical forces headed 
away from the region toward noninfarcted myocardium. An 
example of anteroseptal Q waves with T-wave inversions con-
sistent with evolving myocardial infarction seen with T-wave 
inversion can be seen in Figure 2.1.8. Pathologic Q-waves are 
defined as 40 ms or greater in duration and exceed 25% of the 
following R wave and typically develop after 6–14 hours of 
ischemia [4]. Q waves correlate with the site of infarction 
with anteroseptal (V1−V3), anterior (V2−V4), anterolateral 
(V4−V6), lateral (I and aVL), inferior (II, III, and aVF), and 
posterior MI, which presents as tall R waves in V1 and V2 
(reciprocal view of Q waves for the posterior wall).

(a)

(b)
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.proceed to PCI. This notable recommendation change is mainly
based on the results of the multicentre open-label ISAR-REACT 5
trial.63 As the trial was designed to demonstrate that ticagrelor would
be associated with fewer adverse events, the conclusion that prasu-
grel performed better generated some controversy. In a pre-
specified subanalysis of the ISAR-REACT 5 trial STEMI population
(41% of the sample), no significant differences in the primary end-
point (composite of 1-year death, MI, or stroke) were found between
prasugrel and ticagrelor, albeit the latter was associated with a higher
incidence of recurrent MI.64 Conversely, in a post-hoc analysis of the
trial undertaken in the NSTEMI population (59% of the sample),

prasugrel was superior to ticagrelor in reducing the primary endpoint
without increasing the risk of bleeding.65

In line with the ISAR-REACT 5 results, a small mechanistic study
showed that, compared with ticagrelor and clopidogrel, prasugrel
administered pre-PCI is associated with improved endothelial func-
tion, stronger platelet inhibition, and lower interleukin-6 (IL-6) levels,
thus limiting stent-induced endothelial dysfunction and inflamma-
tion.66 However, a recent meta-analysis of 12 trials found that of the
three P2Y12 receptor inhibitors, only ticagrelor was associated with
decreased mortality.67 A more recent large study of three databases
including 31 290 ACS patients undergoing PCI found no differences

Figure 6 Metoprolol exerts a non-class effect against ischaemia–reperfusion injury by abrogating exacerbated inflammation. The cardioprotective
properties of metoprolol derive from its particular ability to target neutrophils and reduce ischaemia–reperfusion injury. Atenolol and propranolol
have no effect on this cell population or on infarct size. Conformational changes in the b1AR upon binding to metoprolol differ significantly from
those induced by atenolol and propranolol, and this difference may underlie the neutrophil-stunning action of metoprolol. Figure taken from Eur
Heart J 2020;ehaa733. doi: 10.1093/eurheartj/ehaa733.

8 B. Ibanez et al. Downloaded from https://academic.oup.com/eurheartj/advance-article/doi/10.1093/eurheartj/ehaa1090/6060052 by Biblioteca Virtual del Sistema Sanitario Público de Andalucía user on 06 February 2021
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 fractures and no symptoms of chest pain or shortness of 
breath but was found to have unusual ST-segment eleva-
tion. STEMI mimics will be covered in depth in a later 
chapter. Another important caveat is the presence of 
ST-segment elevation in leads with Q waves. In patients 
with prior Q wave myocardial infarction, ventricular aneu-
rysm may result in persistent ST-segment elevation and it is 
therefore important to assess symptoms and compare the 
current ECG with a previous ECG when available.
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The presence of pathologic Q waves can help identify the 
presence of myocardial infarction and remains a critical 

component of separating acute injury pattern from acute 
myocardial infarction. Q waves can be explained by loss of 
voltage in the region of myocardium due to infarction with 
the depolarization wave and resulting electrical forces headed 
away from the region toward noninfarcted myocardium. An 
example of anteroseptal Q waves with T-wave inversions con-
sistent with evolving myocardial infarction seen with T-wave 
inversion can be seen in Figure 2.1.8. Pathologic Q-waves are 
defined as 40 ms or greater in duration and exceed 25% of the 
following R wave and typically develop after 6–14 hours of 
ischemia [4]. Q waves correlate with the site of infarction 
with anteroseptal (V1−V3), anterior (V2−V4), anterolateral 
(V4−V6), lateral (I and aVL), inferior (II, III, and aVF), and 
posterior MI, which presents as tall R waves in V1 and V2 
(reciprocal view of Q waves for the posterior wall).

(a)

(b)
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Figure 20 Post-procedural management of patients with AF and ACS/PCI (full-outlined arrows represent a default strategy; graded/dashed arrows
show treatment modifications depending on individual patient’s ischaemic and bleeding risks).
Pretreatment with a P2Y12 inhibitor is recommended in STEMI patients or when coronary anatomy is known; it should be withheld in non-STEMI ACS
until the time of coronary angiography in case of an early invasive strategy within 24 hours. Observational studies indicate that PCI on uninterrupted VKAs
is generally safe compared with OAC interruption and heparin-bridging therapy,1073 particularly with radial artery access; in contrast, studies on NOACs
are conflicting, predominantly discouraging a PCI on fully uninterrupted NOAC therapy.1074,1075 If urgent PCI is needed, administration of a parenteral anti-
coagulant (UFH, LMWH, or bivalirudin) is suggested, with temporary withdrawal of NOAC at least for the initial post-procedural period (e.g. 24 h)
depending on the patient’s thrombotic and bleeding risk profile. Where thrombolysis is being considered in a patient with STEMI, the initial step should be
to assess the anticoagulation status (e.g. INR in a patient taking VKA; with a NOAC, assessing, for example, activated partial thromboplastin time on dabiga-
tran or anti-factor Xa activity on factor Xa inhibitors). Thrombolytic therapy may be associated with an increased risk of bleeding in systemically anticoagu-
lated patients, especially if parenteral heparin and antiplatelet drugs are coadministered. A balance between the potential benefit (e.g. large anterior
myocardial infarction) and harm (e.g. ICH) is needed, as well as the reassessment of urgent transfer to a PCI centre. If the supposedly anticoagulated patient
does not have evidence of a therapeutic anticoagulation effect (e.g. INR <2.0 on warfarin; or no NOAC anticoagulant effect detected), systemic thrombol-
ysis may be considered if no access to primary PCI is possible.
ACS = acute coronary syndromes; ASA = acetylsalicylic acid; CAD = coronary artery disease; CCS = chronic coronary syndromes; CKD = chronic kidney
disease; DAPT = dual antithrombotic therapy; eGFR = estimated glomerular filtration rate; ICH = intracranial haemorrhage; INR = international normal-
ized ratio; LMWH = low-molecular-weight heparin; MI = myocardial infarction; NOAC = non-vitamin K antagonist oral anticoagulant; NSAID = non-ster-
oidal anti-inflammatory drug; OAC = oral anticoagulant; PAD = peripheral artery disease; PCI = percutaneous coronary intervention; PPI = proton-pump
inhibitor; STEMI = ST-segment elevation myocardial infarction; UFH = unfractionated heparin; VKA = vitamin K antagonist.
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