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Pathophysiology of Hyperacute T Waves in Acute Ischemia
High-peaked hyperacute T waves in transmural myocardial infarction are the last

bastion in ischemic storm

Fisiopatogenia de las ondas T acuminadas en la isquemia aguda

Las ondas T altas y acuminadas en infartos transmurales son el ultimo baluarte de defensa en la tormenta isquémica

SAMUEL SCLAROVSKY!
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To the editor:

The first manifestations of acute ischemia are
high-peaked hyperacute T waves attributed to a sud-
den increase in potassium (K*) in the epicardium. It
has been suggested that this phenomenon protects
against the development of necrosis in this region of
the myocardium caused by ischemia. (1)

The relationship between T wave voltage and ex-
tracellular K* has been known for several decades.
Hyperkalemia between 5.5 and 6.5 mEq/L generates
high-peaked hyperacute T waves in precordial leads.
Experiments have shown that blockade of K* chan-
nels or knockout of the genes encoding K* channels
prevent the development of high-peaked hyperacute
T waves in myocardial ischemia. (2,3) K* influx pro-
duces taller and more narrow T waves in the epicardi-
um, and this effect is less evident in the endocardium.
(4) Notably, these T waves are present in sudden seg-
mental, regional, transmural and subendocardial is-
chemia (Figures 1 and 2). (5) In the obstructive phase
of anteroseptal myocardial infarctions, well protected
by a good collateral circulation, only high-peaked
hyperacute T waves are recorded in the electrocar-
diogram. (6) An experimental study in canine hearts
reproduced changes similar to those observed in clini-
cal practice with balloon occlusion of the left anterior
descending coronary artery. Occlusion of the artery
for 2 minutes produced a typical pattern of anterosep-
tal ischemia with ST-segment elevation of 9 mm and
high-peaked hyperacute T waves of 15 mm (Figure 3).
This experiment demonstrates the effect of diazoxide

in increasing adenosine-triphosphate (ATP) depend-
ent K* levels in the epicardium. (7)

Biological processes that reduce the effects of the ischemic
storm

Mitochondria are independent organisms within the
cells that have their own membranes and exhibit DNA
similar to that of bacteria. (8) Their main function is
to provide energy to cells. They produce ATP from
fatty acids, glucose and oxygen via a complex enzyme
system. (9) Phosphorus is released through a fission
process and generates heat and energy. This is how mi-
tochondria produce energy in all normally functioning
cells. (10) The mechanism is similar to the one used by
nuclear energy plants where uranium undergoes a fis-
sion process that produces heat and energy. Phospho-
rus is the second most abundant element in organisms
and has been used as the main source of energy during
evolution. (11) Consequently, it can be reasonably as-
sumed that this source of energy is the most effective
and cost-efficient option. The myocyte requires large
amounts of energy to function and contains large num-
bers of mitochondria. During exercise, mitochondria
in myocytes replicate into thousands, like bacterial bi-
nary fission, to provide the energy needed. (12) After
mitochondrial fission, adenosine diphosphate (ADP) is
formed, which apparently has no biological function.
Part of it returns to the mitochondria to synthetize
ATP and another part loses phosphates. In acute is-
chemia, another phosphate is lost due to lack of oxy-
gen and forms adenosine monophosphate (AMP). (13)
This process plays an essential role in cellular biology
by facilitating the influx of calcium through calcium
channels into the sarcoplasmic reticulum (a calcium
reservoir within the myocyte).Following phosphorus
degradation, adenosine is released. The latter plays a
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Fig. 1. Electrocardiographic
changes of a sudden total
occlusion of the left anterior
descending coronary artery.
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Fig. 2. Electrocardiographic
changes of a sudden subto-
tal occlusion of left the an-
terior descending coronary
artery, expressed with high-
peaked hyperacute T waves
and ST-segment-depression,
suggesting acute subendo-
cardial ischemia. See how
the 15-mm high hyperacute
T wave evolves. Although
ischemia is subendocardial,
the ATP-dependent K* influx
protects the epicardium. (5)
Two hours after the onset of
ischemia, a minimal suben-
docardial Q wave develops

Fig. 3. Canine experiment.
Left image: baseline record-
ing. Central image: introduc-
tion of a balloon catheter
and sudden occlusion of the
left anterior descending cor-
onary artery for 2 minutes.
The typical 15-mm high T
wave is observed. Right im-
age: intracoronary injection
of 5 mg of diazoxide. A T
wave similar to an ischemic T
wave is recorded. Diazoxide
stimulates adenosine release,
which increases epicardial K+
concentration

crucial role in myocardial protection during ischemic
storm. (14) Adenosine 1 blocks the effects of adrenaline
on the sinus node preventing sinus tachycardia, which
is a negative factor in acute ischemia. (15) An increase
in energy demands during tachycardia is a high-risk
factor in the event of a sudden reduction in coronary
flow. Adenosine 1 is responsible for maintaining, sinus
rhythm in acute ischemia at a rate of 55 to 70 beats
per minute despite the patient’s anxiety and suffering.

In patients with acute myocardial infarction who did
not receive medical care within the first 72 hours, si-
nus tachycardia may occur and is typically related to
adenosine depletion. Adenosine 2 is present in the left
ventricle and plays a vital role in the epicardium, as it
increases K* concentration. (16) This invasion of K* in
the epicardium is expressed by high-peaked (> 15 mm)
hyperacute T waves in the anterior epicardial leads in
anteroseptal myocardial infarctions and in some pos-
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teroinferior infarctions. These ischemic T waves are
the expression of a shorter phase 2 of the epicardial
action potential, during which calcium enters the myo-
cyte. The decrease in calcium influx reduces epicardial
contraction and thus decreases oxygen uptake (precon-
ditioning). (16)

Anteroseptal transmural infarction involves ne-
crosis of 2/3 of the myocardial wall (17-19). The third
corresponding to the epicardium is protected by the
increase in K* concentration facilitated by adenosine
2. Anteroseptal infarctions complicated with cardiac
rupture present T waves of approximately 5 mm or
less, along with a reduced ST-T gradient. This sug-
gests that the epicardium may not be protected by the
mechanism of adenosine 2 and increased K* concen-
trations. (20) Adenosine A2A has also an effect on the
brain that is different from that of caffeine, suggest-
ing that patients with acute infarction avoid moving
to reduce the cardiac demands for energy, another ef-
fect to protect myocardial infarction in the obstructive
stage. (21)

At the beginning of this century, several studies
have been published on the mitochondrial function
and dysfunction, especially in heart failure and hyper-
trophy. (22)

But we have not found publications in the medi-
cal literature addressing the importance of mitochon-
dria and the biological cascade that begins with ATP
and continues with adenosine upregulation and ATP-
dependent K* influx to protect the anteroseptal epi-
cardium. In case of cardiac rupture in the context of
acute myocardial infarction, we may speculate that it
is a manifestation of mitochondrial dysfunction. Fig-
ure 3 shows the effect of intracoronary diazoxide in-
jection in a canine experiment, stimulating adenosine
production and inducing ATP-dependent K* influx
into the epicardium. The T wave obtained in the ex-
periment is very similar to the T wave in occlusion of
the left anterior descending artery (both waves meas-
ure 15 mm).
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