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                   Myocardial infarction occurs when oxygen delivery to the 
myocardium is inadequate for metabolic requirements and 
remains inadequate to the point of cellular death. This is in 
contrast to myocardial ischemia, wherein there is also inad-
equate oxygen delivery to the myocardium, but it is only 
temporary and is not prolonged or severe enough to lead to 
cell death. There is clearly a spectrum of response to inade-
quate oxygen delivery to the myocardium, ranging from 
mild ischemia through moderate and fi nally severe isch-
emia, and, if not reversible, ultimately to myocardial infarc-
tion (Fig.  3.1 ). The electrocardiographic appearance one 
observes depends on where on this spectrum the patient’s 
oxygen compromise is located and which portion of the 
myocardium is affected.  

    Ischemia 

 Ischemia is usually manifested by  reversible ST segment 
depression . The reversibility of the changes is critical to the 
diagnosis of ischemia. The changes are reversible within a 
period of minutes, not weeks or months as may be the case with 
the changes of infarction. The ST segment depression may be 
downsloping, horizontal, or upsloping in confi guration 
(Fig.  3.2 ). The most specifi c confi guration for ischemia is 
downsloping ST segment depression, but this may occur in 
other situations as well (e.g., left ventricular hypertrophy—see 
Chap.   6    ) so it is not completely specifi c for ischemia. What is 
most specifi c for ischemia is  reversible  downsloping ST seg-
ment depression associated with symptoms of angina (e.g., 
substernal pressing chest pain, dyspnea, diaphoresis). 
Horizontal ST segment depression is not as specifi c as 
downsloping ST depression for ischemia, and upsloping ST 
depression is the least specifi c. But horizontal and even upslop-
ing ST segment depressions which are associated with symp-
toms and are reversible do indicate ischemia. Upsloping ST 
segment depression can sometimes be seen at rapid heart rates 
without symptoms and does not indicate ischemia, but rather is 
due to atrial repolarization. These changes are called T A  waves.  

 Two additional manifestations of ischemia should be 
mentioned. A less common form of ischemia than that 
described above is called Prinzmetal’s angina, and is 
associated with coronary artery spasm with or without 
underlying fi xed obstructive atherosclerotic disease. In 
Prinzmetal’s angina, the ST segments are elevated, rather 
than depressed, and revert to normal over a period of min-
utes after the vasospasm- induced ischemia is resolved. 
The distinction between Prinzmetal’s angina and transmu-
ral infarction, which is also associated with ST segment 
elevation (see below), is the rapid reversibility of the ST 
changes with Prinzmetal’s angina as opposed to the per-
sisting elevation in ST segments (hours to days) with 
transmural infarction. Finally, in rare circumstances, isch-
emia may be refl ected on the electrocardiogram (EKG) by 
T wave inversions. This is very uncommon, and T wave 
inversions are more likely to be related to subendocardial 
infarction (see below). Nevertheless, when T wave inver-
sions occur, are associated with symptoms of angina, and 
are reversible within minutes when symptoms resolve, 
that probably indicates ischemia.  

    Myocardial Infarction 

 There are two types of myocardial infarction, and the names 
have changed over the course of time, with three pairs of 
terms (Table  3.1 ).

   The oldest designation of the three is (1) transmural and 
(2) subendocardial, or non-transmural. These two categories 
imply an anatomical correlation between the appearance of 
the EKG and the extent of the damage to the heart wall. This 
implication, however, is not always correct, and hence the 
attraction to alternative terminology is based on the EKG 
changes. When the EKG shows the changes of transmural 
infarction, anatomical studies sometimes but not always con-
fi rm an infarction through the  entire thickness  (“trans-”) of 
the heart  wall  (“-mural”). Likewise, when the EKG shows a 
subendocardial infarction, the damage may not be limited to 
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the subendocardium, but instead may be transmural, based 
on anatomical correlations [ 1 ]. In general, an anatomical 
transmural infarction associated with the electrocardio-
graphic changes characteristic of “subendocardial” infarc-
tion is smaller in magnitude than a transmural infarction with 
typical transmural changes on the EKG. 

 Because of the discordance between anatomical fi ndings 
and the electrocardiographic changes indicating “transmu-
ral” or “subendocardial” infarction, the terminology for 
infarctions changed to fi rst “Q wave,” then “ST elevation” 
myocardial infarction (STEMI) vs. “non-Q wave” or “non-
 ST elevation” myocardial infarction (non-STEMI), respec-
tively [ 2 ]. Under this classifi cation, the anatomical overtones 
are dropped, but the association of Q wave or ST elevation 
infarctions with higher in-hospital mortality, reduced ejec-
tion fraction, greater evidence of left ventricular failure, and 
less postinfarction exercise-induced ischemia compared to 
non-Q wave or non-ST elevation infarctions is similar to the 
fi ndings in previous studies comparing “transmural” and 

“non-transmural” or “subendocardial” infarctions, respec-
tively [ 3 ]. STEMIs have a higher in-hospital mortality rate 
than non-STEMI [ 4 ]. That non-STEMIs carry a serious 
prognosis, however, is clear. Reports suggest that the overall 
long-term mortality of myocardial infarction patients is the 
same if not greater after non-STEMI compared to STEMI [ 3 , 
 5 – 8 ]. Non-STEMIs probably represent smaller infarctions 
with a larger area of myocardium still at risk for future 
infarction [ 3 ,  7 ]. This notion is supported by studies showing 
a higher frequency of reinfarction in patients with non- 
STEMIs compared to patients with STEMIs. The reinfarc-
tions frequently occurred within weeks of the initial 
infarction and carried a poor prognosis [ 9 ,  10 ]. 

    Subendocardial/Non-Q Wave/Non-ST Elevation 
Myocardial Infarction 

 The electrocardiographic change of a non-STEMI is T wave 
inversion (Fig.  3.3 ). There is usually little or no depression 
of the ST segments. Over a period of weeks to months, the 
acute changes of T wave inversion  may  revert back to nor-
mal, with no residual change to indicate a previous infarc-
tion. Alternatively, the T wave inversion may persist in some 
degree indefi nitely.   

Normal Mild ischemia Severe ischemia

(reversible) (irreversible)

Infarction

Progressive oxygen deprivation
to the myocardium

  Fig. 3.1    Spectrum of injury 
from cardiac oxygen deprivation       

ba c

  Fig. 3.2    Ischemia. ( a ) Upsloping ST segment depression. ( b ) Horizontal ST segment depression. (c) Downsloping ST segment depression       

   Table 3.1    Designations of myocardial infarctions   

 Transmural  Subendocardial 
 Q wave  Non-Q wave 
 ST elevation  Non-ST elevation 
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    Transmural/Q Wave/ST Elevation Myocardial 
Infarction 

 The electrocardiographic changes associated with an acute 
STEMI follow a more complicated pattern (Fig.  3.4 ). The ini-
tial change is ST segment elevation, occurring usually within 
minutes of the interruption of oxygen delivery. The next 
change is the development of “pathological Q waves,” Q 
waves that are new and are of at least 0.04 s duration. The Q 
waves appear within several hours of the infarction. Over the 
next few days, the T waves become inverted and the ST seg-
ments become less elevated, usually reverting to normal. Over 
a period of weeks to months, the T wave inversions may 
resolve, leaving only the Q waves as the residual manifestation 
of the infarction. This series of changes is known as the evolu-
tion of an acute STEMI. Occasionally, the Q waves that remain 
are not wide and deep and may be indistinguishable from the 
q waves that can be found as a normal variant. Thus, following 
either a STEMI or a non-STEMI, it is possible for the EKG to 
revert to a pattern that is within normal limits and does not 
refl ect the previous infarction. This is more likely to occur 
with non-STEMI than STEMI, but it can occur with both.  

  Very rarely  the fi rst changes on the EKG seen with an 
acute STEMI are peaked T waves, the so-called hyperacute 
T waves. This is so rare as to only deserve mention for 
completeness. It is  not  a common fi nding, and when it does 
occur, it is soon supplanted by the far more typical ST segment 
elevations described earlier. 

 Sometimes patients are seen with myocardial infarction, sus-
pected by the patient’s history and confi rmed by a typical and 
signifi cant elevation of cardiac enzymes, but without any elec-
trocardiographic abnormalities [ 2 ]. These “electrically silent” or 
“normal electrocardiographic” infarctions are uncommon.   

    Location of Infarction/Ischemia 

 There are three general EKG locations for infarctions or 
ischemia: inferior, anterior, and posterior. The portion of the 
heart that is affected by infarction or ischemia may be sus-
pected by the electrocardiographic leads in which the 
changes are found. Even if the correlation is imperfect 
between the leads refl ecting ischemia or infarction and the 
part of the heart affected, the designation of the location 
quickly identifi es the leads showing changes. As discussed 
in Chap.   2    , leads II, III, and aVF are positive in the legs and 
negative in the arms, and therefore are most refl ective of 
changes in the inferior wall of the heart and are called the 
inferior leads. Leads I and aVL, along with the precordial 
leads, refl ect changes in the anterior wall of the heart. 
Therefore, when there is ischemia or infarction in the inferior 
wall of the heart, the electrocardiographic changes described 
earlier in this chapter are typically seen in the inferior 
leads—II, III, and aVF. When there is anterior wall ischemia 

or infarction, the changes are typically seen in leads I, aVL, 
and the precordial leads. Occasionally a distinction is made 
between the anteroseptal and anterolateral portions of the 
anterior wall. “Anteroseptal” and “anterolateral” are simply 
subsegments of the anterior wall, with changes limited to 
V 1–3  or V 4–6 , respectively. I believe this subdivision of the 
anterior wall in reference to myocardial injury is of little 
practical importance, but an anteroseptal infarction with pre-
cordial changes limited to V 1–3  probably does suggest a less 
extensive infarction than when the changes are seen in most 
or all of the precordial leads. The posterior wall of the heart 
is not refl ected directly by any of the standard electrocardio-
graphic leads because none of them are placed on the 
patient’s back. Instead, posterior wall injury is indirectly 
refl ected by changes in leads V 1–2 . Since those two leads are 
directly anterior, they best show changes affecting the poste-
rior wall of the heart, but the changes are reversed from the 
usual changes of damage described above. An acute poste-
rior STEMI is refl ected by ST segment depression and a tall 
R wave in V 1–2  as opposed to ST segment elevation and a Q 
wave. This is because V 1–2  are anterior leads, and in refl ect-
ing posterior wall injury these leads would be expected to 
have opposite changes compared to those seen when the area 
of injury is directly below the leads. Another way to look at 
this situation is that the complexes in V 1–2  can be rotated 
around the baseline as an axis when considering the posterior 
wall of the heart, so ST segment depression becomes ST seg-
ment elevation, and the R wave becomes a Q wave in poste-
rior infarction (Fig.  3.5 ). The presence of ST segment 
depression in V 1–4  in association with changes of acute infe-
rior STEMI is usually due to inferoposterior or posterolateral 
wall involvement of the infarction rather than a “reciprocal 
change” [ 11 ] (see below).  

 Even though the area of the heart damaged in an infarction 
can be suggested on the EKG, ascribing the event to the coro-
nary artery involved is less predictable than identifying the 
area of the heart that is damaged.  Generally , the right coro-
nary artery serves the inferior wall of the heart, the left ante-
rior descending serves the anterior wall, and the circumfl ex 
serves the posterior wall with minor contributions to the infe-
rior or lateral wall. Thus, in the setting of an inferior infarc-
tion, the right coronary artery is probably involved, while in 
an anterior infarction the left anterior descending artery is 
probably involved [ 12 ]. The common conduction problems 
with those infarctions can be predicted because the right coro-
nary artery generally supplies the inferior wall of the heart 
and frequently sends a branch to the atrioventricular (AV) 
node, while the left anterior descending artery,  usually 
involved in an anterior infarction, sends “septal  perforator” 
arteries into the interventricular septum where the bundle of 
His and the bundle branches are located (Fig.  3.6 ). Thus, infe-
rior infarctions are more frequently associated with AV node 
dysfunction, while anterior infarctions are more typically 
associated with dysfunction of the bundle system.   
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    Reciprocal Changes 

 Reciprocal changes are seen with STEMIs, never non- 
STEMIs, and are sometimes present with Prinzmetal’s 
angina (see below). Reciprocal changes consist of ST 
 segment depressions (reminiscent of ischemic changes) in 
leads “opposite” from those that show the typical ST seg-
ment elevations described above for STEMIs (sometime 
called “injury currents”). 

 For example, in inferior STEMIs, with ST segment eleva-
tions in II, III, and aVF, there may be ST segment depres-

sions as reciprocal changes in leads I and aVL, and perhaps 
in some precordial leads. On the other hand, in anterior 
STEMIs, with ST elevations in I, aVL and some precordial 
leads, there may be ST depressions in II, III, and aVF as 
reciprocal changes (Fig.  3.7 ).  

 Reciprocal changes are primarily observed in the limb 
leads and less often in the precordial leads and are seen more 
often in inferior than anterior infarctions [ 13 ,  14 ]. The degree 
of ST depression as a reciprocal change is proportional to the 
magnitude of ST elevation seen as an acute change in STEMIs 
[ 15 ]. Reciprocal changes are seen in approximately 50% of 
STEMIs, and their presence is associated with a more exten-
sive infarction than when they are absent [ 16 ]. Accordingly, 
the prognosis for patients who have transmural infarction 
associated with reciprocal change is worse than that for 
patients whose infarctions are not associated with reciprocal 
change. The term “reciprocal change” implies secondary 
electrical change in the leads “opposite” those showing the 
primary acute injury, rather than ischemia in another part of 
the heart in addition to the acute infarction [ 14 – 16 ].  

    ST Elevation: Differential Diagnosis 

 Several conditions can cause ST segment elevation. To this 
point we have covered three such conditions: (1) acute 
STEMI, (2) Prinzmetal’s angina, and (3) junctional ST seg-
ment elevation/early repolarization (Fig.  3.8  and Chap.   1    ). 
While most cases of Prinzmetal’s angina are “idiopathic,” 
hypomagnesemia has been reported to cause spasm of coro-
nary arteries [ 17 ,  18 ]. There are two other conditions that can 
lead to ST segment elevation: (1) acute pericarditis, and (2) 
ventricular aneurysm.  

 Acute pericarditis is typically associated with ST segment 
elevation that resembles early repolarization. But the ST 
elevations are diffusely present in almost all the leads, not 
just in an inferior or anterior distribution. Additionally, there 
may be PR segment depression but there are never reciprocal 
changes with acute pericarditis. 

Branch to
AV node

Right
coronary
artery

Posterior
descending
coronary
artery

Left anterior
descending

coronary artery

  Fig. 3.6    Blood supply to the conduction system. The right coronary 
artery gives off a branch to the AV node, while the septal perforators off 
the left anterior descending artery are primarily responsible for blood 
supply to the interventricular system where the bundle system is located       

  Fig. 3.5    Posterior infarction 
(diagrammatic). Lead V 1  has a 
tall R wave and ST depression. 
When the complex is rotated 
around the baseline as an axis, 
the R wave becomes a Q wave 
and the ST segment depression 
becomes ST segment elevation, 
now typical of an acute 
transmural myocardial infarction       
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  Fig. 3.7    Reciprocal changes. These are the limb leads of a patient with an acute inferior transmural myocardial infarction. There is marked ST 
segment elevation in II, III, and aVF, but reciprocal ST segment depression in leads I and aVL ( arrows )       

 Ventricular aneurysms are usually due to previous STEMI, 
most commonly involving the anterior wall of the heart. The 
ST segments are typically elevated in the same leads associ-
ated with the previous STEMI and where the current ven-
tricular aneurysm is located. It appears as if the acute ST 

elevations of a STEMI never resolved, in contrast to the 
usual evolution of myocardial infarction. So when ST seg-
ment elevations do not resolve following an acute STEMI, 
one should suspect the development of a ventricular 
aneurysm.  

ba

  Fig. 3.8    Early repolarization ( a ) vs. acute transmural myocardial infarction ( b ). Note the sharp angle where the ST segment comes off the QRS 
complex with the infarction, while early repolarization has a smoothly curved ST segment       
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           Interpretations of Exercise Tracings          

  Exercise Tracing 3.1  

 RATE:  A 130 V 130 
 RHYTHM:  Sinus tachycardia 
 AXIS:  –20° 

 INTERVALS:  PR 0.15 QRS 0.10 QT 0.30 
 WAVEFORM:  ST elevation in V1-V5; inverted T waves in I, 

aVL 
 SUMMARY:  Abnormal due to acute anterior wall ST 

elevation myocardial infarction, leftward axis 
deviation  

  Exercise Tracing 3.2  

 RATE:  A 64 V 64 
 RHYTHM:  Normal sinus rhythm 
 AXIS:  0° 
 INTERVALS:  PR 0.16 QRS 0.08 QT 0.38 
 WAVEFORM:  T wave biphasic in I, aVL, inverted in V 2–6  
 SUMMARY:  Abnormal due to acute subendocardial anterior 

myocardial infarction 

  Exercise Tracing 3.3  

 RATE:  A 102 V 102 
 RHYTHM:  Sinus tachycardia 
 AXIS:  +60° 
 INTERVALS:  PR 0.16 QRS 0.07 QT 0.34 
 WAVEFORM:  Diffuse ST elevation; PR segment depression in 

the inferior leads, especially lead II; inverted P 
waves in V1-2 

 SUMMARY:  Abnormal due to ST changes and PR 
depression compatible with pericarditis; left 
atrial abnormality 

  Exercise Tracing 3.4  

 RATE:  A 105 V 105 
 RHYTHM:  Sinus tachycardia 
 AXIS:  0° 
 INTERVALS:  PR 0.25 QRS 0.10 QT 0.30 

 WAVEFORM:  ST elevation in II, III, aVF; ST depression in I 
and aVL; Q III, aVF, Q in III, aVF   

 SUMMARY:  Abnormal due to acute inferior ST elevation 
myocardial infarction with reciprocal changes, 
fi rst degree AV block (see Chap.   4    )” 

  Exercise Tracing 3.5  

 RATE:  A 65 V 65 

 RHYTHM:  Normal sinus rhythm 
 AXIS:  50° 
 INTERVALS:  PR 0.15 QRS 0.11 QT 0.44 
 WAVEFORM:  T wave inversions in I, II, aVL, V 4–6 ; non-

pathological q waves in II, III, aVF, V 5–6  
 SUMMARY:  Abnormal due to acute subendocardial 

anterolateral myocardial infarction, inferior 
infarction, left axis deviation, prolonged QT 
interval and U waves subendocardial 
myocardial infarction 

  Exercise Tracing 3.6  

 RATE:  A 86 V 86 
 RHYTHM:  Normal sinus rhythm 
 AXIS:  +50° 
 INTERVALS:  PR 0.16 QRS 0.09 QT 0.36 
 WAVEFORM:  Smooth ST elevation I, II, II, aVF, V 2–6 ; early 

R wave development V 2–3  
 SUMMARY:  Abnormal due to acute pericarditis 

  Exercise Tracing 3.7  

 RATE:  A 88 V 88 
 RHYTHM:  Normal sinus rhythm 
 AXIS:  +80° 
 INTERVALS:  PR 0.16 QRS 0.09 QT 0.35 
 WAVEFORM:  ST depression II, III, aVF, V 4–6 ; tall R waves 

lead II and V 5  
 SUMMARY:  Abnormal due to inferolateral ischemia 

[NOTE: Even though this EKG meets the 
criteria for left ventricular hypertrophy (see 
Chap.   6    ), these ST segment depressions were 
quickly reversible, which confi rms the 
diagnosis of ischemia] 
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