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Notes on the Electrocardiogram in Childhood and Adolescence

Apuntes sobre el electrocardiograma en la infancia y la adolescencia

SAMUEL SCLAROVSKY!

PHYSIOLOGICAL HYPERTROPHIES IN CHILDHOOD

At birth the mammalian ductus arteriosus closes and
pulmonary peripheral resistance is reduced. Right
ventricular predominance persists for a limited time.
Left ventricular predominance appears in rats at 2
weeks, in pigs at 6 weeks (1) and in humans at 12
weeks. (Figure 1) It is amazing to observe small calves
and foals in the meadows, which at 4 hours after birth,
can run at 40 - 60 km/h. For this to occur, they must
have a left ventricle perfectly adapted to survive. Evo-
lution prepares the left ventricle during pregnancy to
support intense efforts a few hours after birth.

The newborn has a heart rate of 190 to 200 bpm
and a high rate is maintained during childhood, be-
tween 80 and 120 bpm. (2) This heart rate is deter-
mined by catecholamines. Adrenaline is secreted by
2 sources, one endocrine (the adrenal gland) and one
paracrine (the cardiac terminal sympathetic fibers).
In the myocytes there are alpha and beta receptors.
Exaggerated stimulation of the beta receptors is very
harmful to the myocyte. (3) To avoid this effect there
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Fig. 1. 3-month-old infant, still with right ventricular predomi-
nance. See R wave in V1

is a biological beta-blocker, arrestin. (4) But the effect
on alpha receptors (in the myocyte membrane there
are 3 types of alpha receptors) stimulates the forma-
tion of sarcomeres. (5) Sarcomeres aggregate longi-
tudinally. (5,6) The effect of adrenaline on the alpha
receptor determines the growth of sarcomeres and
myocyte elongation, which defines the QRS voltage.

But there is another electromechanical system
that stimulates physiological hypertrophies. In the
endocardium of the left ventricle there are tension
receptors, whose distribution in the subendocardium
is not homogeneous. (7) It is possible to speculate
that the morphology of the child's electrocardiogram
varies, depending on the concentration of tension re-
ceptors in the endocardium. Higher concentration of
tension receptors, plus stimulation of alpha receptors,
will induce physiological hypertrophies.

In 30% of cases the electrocardiogram in children
is normal (Figure 2) In 70% of cases, during child-
hood, there is physiological hypertrophy that accom-
panies body growth. The ECG can record 4 different
phenotypes of hypertrophy: 1) apical (Figure 3), which
is expressed with dominant R waves in V4 and V5; 2)
anteroseptal (Figure 4), which is expressed with domi-
nant R waves in V2 (upper third of the septum), V2
and V3 (upper and middle third of the septum), and
V2 to V4 (upper, middle and lower third of the sep-
tum); 3) posteroseptal (Figure 5), which is expressed
with deep S waves in V2, V3, and V4, and 4) lateral,
which is expressed with high R waves in lead I and
deep S waves in AVR and V1. In rodents, inhomogene-
ously distributed endocardial tension receptors have
been identified in the septum and lateral apex. (8) It
could be suspected that the inhomogeneous distribu-
tion of tension receptors is a factor of universal im-
portance in cardiac function in mammalian childhood.

Normal ECG tracing could be due to concentric hy-
pertrophy, homogeneous distribution of tension recep-
tors or a mutation in the hypertrophic cascade. (9) It
is important to note that also in 30% of cases adults
with systolic overload do not present eccentric hyper-
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Fig. 2. 6-year-old boy without eccentric physiological hypertro-
phy, and probably concentric physiological hypertrophy.
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Fig. 3. 9-year-old boy with apical eccentric hypertrophy with
high R waves in V4 and V5.

trophy (personal experience). Electrical/mechanical
activity induces a feedback reaction. Electrical activ-
ity stimulates the Z-line and titin protein to increase
tension in the actin-myosin complex. (10)

There is a genetic fetal program in embryonic life,
which has a mildly hypoxemic environment. (11) In
this context mitochondria use glucose to generate en-
ergy. But with birth, the mitochondria begin to use ox-
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Fig. 4. 9-year-old boy with physiological eccentric anteroseptal
hypertrophy, with high R waves in V2, V3 and V4.
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Fig. 5. 5-year-old boy with eccentric posteroseptal hypertro-
phy, with 40 mm S wave in V2 .

ygenated fatty acids as energy fuel. The fetal program
remains hidden, inactive; but in cases of physiological
or pathological hypertrophies it is reactivated. This
program prevents the progression of hypertrophies
towards dilatation and heart failure. We speculate
that in physiological cardiac hypertrophies in children
a genetic fetal program may exist as myocardial pro-
tection. Interestingly, physiological hypertrophies in
children are no longer seen in adolescence.

GENDER HORMONES DETERMINE THE REPOLARIZATION
MORPHOLOGY OF THE ELECTROCARDIOGRAM IN

ADOLESCENCE

Estrogens control the fast transient outward rectifier
potassium current, ( 12) which forms the downward
limb of the T wave, which is slow and elongated com-
pared with this limb in the male gender, and also the
slow rectifier potassium current, (13) which forms the
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Fig. 6. ECG of a 22-year-old

male.

Fig. 7. ECG of a 16-year-old
woman.

peak of the T wave, which is very low or negative com-
pared with the male high and acuminate T wave.
These hormones also control calcium influx in
the phase 2 of the action potential, expressed with an
elongated ST segment. (14)
Androgens have a stimulatory effect on potas-
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The red arrow points to the fast rectifier potassium current, which acts on phase 3 of the action potential (AP)
and forms the short, fast descending limb of the T wave. The blue arrow points to the slow rectifier potassium
current, which acts at the junction of phases 2 and 3 of the AP and forms the high, acuminate T wave. The
green arrow points to the calcium current that acts in phase 2 of the AP and conditions the short and elevated
ST segment on the ECG. From Nerbonne JM, Kass RS. Molecular physiology of cardiac repolarization. Physiol

Rev. 2005;85:1205-53. Modified by Sclarovsky S
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The red arrow points to the relationship between the fast rectifier potassium current and phase 3 of the ac-
tion potential (AP), which conditions the slow and attenuated descending limb of the T wave (with respect
to the male T wave). The blue arrow points to the ratio of the slow rectifier potassium current with the junc-
tion of phases 2 and 3 of the AP, which forms the peak of the attenuated T wave. The green arrow points to
the relationship between the calcium current, phase 2 of the AP, and the long, attenuated ST segment. From
Nerbonne JM, Kass RS. Molecular physiology of cardiac repolarization. Physiol Rev. 2005;85:1205-53. Modified

by Sclarovsky S

sium (15) and calcium channels, which is expressed
by a high and acuminate T-wave peak, a short and fast
descending limb, and short and elevated ST segment.
(15) The effect of testosterone on the calcium channel

influences the ST segment, which is short and elevat-

ed usually in V2 and V3. (16) (See Figures 6 and 7)
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