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Cardiac Repolarization Changes in the Children with Breath-Holding Spells
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Abstract

Objective: Breath-holding spells are known as benign attacks, frequencies of which decrease by the
development of the autonomic nervous system. The present study aims to compare the electrocardiographic
repolarization in children with breath-holding spells.

Methods: In this study, QT dispersion, QTc dispersion, T peak to T end dispersion, and P wave dispersion of
the twelve-lead surface electrocardiography of fifty children who had breath-holding spells were measured
and compared with normal children from April 2011 to August 2012.

Findings: Forty-four (88%) patients had cyanotic spells, while 6 (12%) had pallid spells. QTc dispersion was
increased in the patients with breath-holding spells (148.2+33.1) compared to the healthy children
(132+27.3) and the difference was statically significant (P=0.01). Meanwhile, no statistically significant
differences were observed between the patients and the control subjects regarding the other parameters
(P>0.05).

Conclusion: QTc dispersion was significantly increased in the patients with breath-holding spells compared to
normal children and this is a sign of cardiac repolarization abnormality as well as the increased risk of cardiac
arrhythmia in patients with breath-holding spells.
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Introduction

Breath-holding spell is a common clinical event.
Each attack starts with a brief crying period after a
minimal injury or reprimand followed by a
prolonged expiration. Some children may also
experience loss of consciousness(t2l. Based on the
skin color change during the attacks, breath
holding spell has two types: pallid spells and
cyanotic spells; however, some children may
experience mixed type attacksBlL Overall, the
cyanotic type is more common and its prevalence

to pallid type is 3 to 1. Although these attacks
were previously considered as benign episodes
spontaneously resolving in the children between 6
and 8 years old, recent studies have shown that
many of these patients will develop syncope
attacks in the futuref®l.

The pathogenesis of breath holding spells are
not well understood, but some studies suggest that
imbalance between sympathetic and para-
sympathetic activity could be responsible for the
manifestations34l. Bradycardia and asystole are
most likely mediated by excessive para-
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sympathetic tone which then results in brain
hypoperfusion, seizure, and loss of conscious-
nessB3l.

The autonomic nervous system is an important
modulator of ventricular repolarization and
arrhythmia  vulnerability. Among different
predictors of ventricular repolarization, increased
QT interval, QT dispersion, T peak to T end
interval dispersion, and their relationship with
different cardiac and autonomic disorders, such as
cardiomyopathies, ischemic heart disease,
migraine, familial dysautonomia and syncope have
been investigated in many studies(*>7. These
simple and noninvasive electrocardiographic
(ECG) findings are considered to reflect abnormal
ventricular repolarization which is associated with
arrhythmogenesis(¢7l. QT interval is closely related

to ventricular repolarizationl®. In fact, QT
dispersion reflects regional variations in
ventricular  repolarization. = Several reports

indicated that QT dispersion from 12-lead surface
electrocardiogram provided an indirect
measurement of the underlying non homogeneity
of ventricular repolarization(®10l,

The terminal end of the QT interval, T wave
peak to T end, represents the transmural
dispersion of repolarization of ventricle and has
been proposed as an indicator of ventricular
arrhythmia. Some articles demonstrated that
differences in the action potential of different
myocardial layers lead to repolarization
dispersion[11.12],

In addition, recent studies have used P wave
dispersion as a parameter for the prediction of

atrial arrhythmias in . several disorders(!3l.
Increased P ‘wave  dispersion reflects the
inhomogeneity 'and discontinuity of atrial

conduction[1415],

Recently, Akalin et all*¢] demonstrated that QT
dispersion increased in children with breath-
holding spells and they suggested this finding

justifies further investigation for rhythm
abnormalities and autonomic dysfunction in this
patient group.

To the best of our knowledge, T wave peak to T
end dispersion and P wave dispersion have not
been studied in the children who have breath
holding spells. The present study aims to compare
the electrocardiographic repolarization between
children with breath-holding spells and normal
controls.

Repolarization in Breath-Holding Spells

Subjects and Methods

This prospective, case-control study was
conducted in the pediatrics cardiology department
of Namazi Hospital, Shiraz, Iran from April 2011 to
August 2012. Informed parental consent was
obtained for every child before recruitment into
the investigation and the investigation was
approved by the ethics committee of Shiraz
University of Medical Sciences.

The patients were selected consecutively
among children younger than 10 years old who
had been referred to the pediatrics cardiology
department after diagnosis of breath-holding spell
by pediatric neurologist. The exclusion criteria of
the study were any congenital heart disease, any
CNS abnormalities, and any endocrine or
nephrology disorder which could cause ECG
changes. The patients" demographic data and the
type as well as the pattern of the attacks were
collected. At the same time, 50 healthy children
less than 10 years old who had no history of
cardiac, neurologic, endocrine and breath holding
spell were recruited as control subjects.

The 12-lead surface electrocardiography was
obtained from all the patients and the controls by
the personnel without knowledge of children’s
clinical status. The recordings were made through

a digital electrocardiogram machine (Alicia
Diagnostics, Sanford, FL, USA). The digitally
recorded electrocardiogram tracings were

evaluated using a digital caliper in Corel draw
graphic software (Ottawa, Canada). Magnification
of the electrocardiogram made a fine
determination of the measurement points. The
onset of the P wave was defined as the junction
between the isoelectric line and the start of the P
wave deflection. Besides, the offset of the P wave
was defined as the point where the final deflection
of the P wave crossed the isoelectric line. The
leads with unclear onset or offset of the P wave
were excluded from the study. Then, the P wave
dispersion was calculated according to its
definition as the difference between P maximum
duration and P minimum duration in 12-lead
ECGI15],

QT intervals were measured from the onset of
the QRS complexes to the end of the T waves. The
end of the QT interval was defined as the
intersection of a tangent to the steepest down
slope of the dominant repolarization wave with
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the isoelectric line. QT was measured in all 12
leads, and the longest was recorded as QT of the
subject. QT dispersion (QTD) is defined as the
difference between the longest and the shortest
QT intervals on the surface ECG. For measuring
QTc, the QT interval was corrected for heart rate
using Bazett's formula (QTc=QT/square root of RR
interval in s). The QTc dispersion was measured as
the difference between the maximum and the
minimum QTc intervals on the 12-lead surface
ECGsltel.

For measuring T wave peak to T wave end
interval, we measured the interval between the
beginning of QT interval and the peak of the T
wave and subtracted this interval from the QT
interval. T wave peak to T end dispersion (TPE
dispersion) is defined as the difference between
the longest and the shortest T wave peak to T end
intervals on the surface ECG. If the height or depth
of the T wave was <1.5 mm or if the T wave was
flat, its lead was excluded from the analysis[17.

Hemoglobin and mean corpuscular volume
were measured in all patients to detect iron
deficiency anemia. Iron deficiency anemia defined
as having a hemoglobin level of <10.5 g/dl and
mean corpuscular volume values of <75 fl.

All electrocardiogram measurements were
done by a physician who was blinded to patient
and control group.

The differences in ECG parameters, including
QT dispersion, QTc dispersion, T wave peak to T
end dispersion, and P wave dispersion, were
compared between the two study groups using t-
test. The data were. expressed as meanzSD.
Moreover, P<0.05 was considered as statistically
significant.

Findings

The present study was conducted on 50 children
(23 females and 27 males) between 6 and 84
(31.6£20.2) months with breath-holding spells.
The control group (n=50) included 26 females and
24 males between 7 and 91 (33.1+21.7) months
old (P=0.7). In the patients group, on the other
hand, 44 (88%) children were suffering from
cyanotic type of breath-holding spells, while 6
children were suffering from pallid spells.

As Table 1 depicts, the mean of the QTc
dispersion in the patients was more than that in
healthy children (148.2433.1 milliseconds and
132+27.3 milliseconds, respectively) and the
difference was statically significant (P=0.01).
Meanwhile, no_statistically significant difference
was found regarding the other ECG parameters,
including P wave dispersion, QT dispersion, and T
wave peak to T waveend dispersion (P>0.05). The
difference in QTc dispersion of the patients and
normal children is also depicted in Fig. 1.

The study findings revealed no statistically
significant difference between the children who
had cyanotic spells and those who had pallid spells
concerning P wave dispersion, QT dispersion, QTc
dispersion, and T peak to T end dispersion despite
slightly higher QT dispersion, QTc dispersion, and
T peak to T end dispersion values in the patients
who had cyanotic spells.

Mean hemoglobin in patient group was
9.61+3.12. According hemoglobin level of <10.5
g/dl and mean corpuscular volume values of <75
fl, 32 (62%) patients had anemia. There was no
statistically significant difference between QT, QT
dispersion, T peak to end and P dispersion of
anemic and non anemic patients (P>0.05).

Table 1: Comparison of QT dispersion, P dispersion, QTc dispersion, and T wave
peak to T end dispersion between the patients and the control group

Variable

Control grou
QT dispersion . group
Patients
Control grou
P dispersion ) group
Patients

Control grou
QTc dispersion ) group
Patients

Control group

TPE dispersion )
Patients

Mean Standard P. value
(millisecond) deviation ’
48.9 16.8
47.8 15.2 0.74
389 13.1
35.9 13.4 0.28
132 27.3
0.01
148.2 33.1
55 20.1
47 20.3 0.06
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Fig. 1: Comparison of QTc dispersion between the patients
with breath-holding spell and the control group

Discussion

Breath-holding spells are benign and common
clinical conditions. The prevalence of this
condition is reported as 4% to 27% of the children
between six months and six years old in different
studies(!8l. In a study by Olsen et all*9, 30.6% of
the children who had breath holding spells in
childhood suffered from fainting spells and 29.4%
of these children had concentration problems in
the long term. A familial tendency to epilepsy was
also reported in this study. In another study,
Di Mario et all*l followed the children with breath-
holding spells for long term complications and
reported syncopal attacks and-hypoxic convulsion
in 12.6% and 15.7% of the children, respectively.
The pathogenesis of breath holding spells are
not well understood, but some studies suggest that
imbalance between sympathetic and para-
sympathetic activity could be responsible for the
manifestations(34l. Bradycardia and asystole are
most likely mediated by excessive para-
sympathetic tone which then results in brain
hypoperfusion, seizure, and loss of consciousness
[315], Tron deficiency anemia is more prevalent
among the children with breath-holding spells
compared with other normal children and appears
to contribute to the breath-holding spells with
three underlying mechanisms. First, anemia itself
causes hypoxia in vital organs, including the heart
and the nervous system. Second, hypoxia which is
sensed by carotid body results in activation of
cardiovascular reflexes which play a major role in
altered autonomic balancel20l. Finally, iron plays a

vital role in providing Tyrosine Hydroxylase
enzyme for catecholamine synthesis[21l. Although
Iron deficiency anemia is more prevalent among
the children with breath holding spells, autonomic
dysfunction is considered as the main
pathogenesis of this clinical entity. In our study
also 63% of patients had anemia but there was no

statistically significant correlation between
anemia and repolarization changes.

In a study performed by Anil et all22],
abnormality of autonomic reflexes, including

increased basal heart rate, increased diastolic
blood pressure, and abnormal pupillary reactions,
suggested a subtle underlying generalized
autonomic dysfunction in the children with
breath-holding spells.

Autonomic dysfunction affects intra- and
interatrial conduction resulting in inhomogeneity
and discontinuity in atrial conduction system.
P wave dispersion (the difference between the
longest and the shortest P wave duration recorded
from multiple surface ECG leads) is a noninvasive
method for assessment of the risk for atrial
fibrillation which is the result of inhomogeneity
and discontinuity in atrial conduction. Imamoglu
et allz3 reported that P wave dispersion was
increased in the children with diabetes type 1
(aged 14.2+4.8 years). Also, Simsek et all4
reported prolongation of P wave dispersion in
adult patients with iron deficiency anemia because
of autonomic dysfunction and tissue hypoxia.
However, the findings of the current study
revealed no statistically significant changes in P
wave dispersion in the children with breath
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holding spells compared to the normal children.
This inconsistency with the above-mentioned
studies maybe explained by the severity of the
autonomic system damage in diabetic patients in
comparison to the children with breath holding
spells. The age of the patients in those two studies
which was profoundly higher compared to the age
of our patients, and probably the underlying
mechanisms impaired the autonomic system
function in these three diseases.

A number of ECG markers of ventricular
repolarization have been reported to identify the
patients who are at high-risk for development of
ventricular arrhythmias®11. Among different
predictors, increased QT dispersion, QTc
dispersion, and T peak to T end dispersion are
considered as the markers that reflect the
abnormal ventricular repolarization which is
associated with arrhythmogenesis(®5l.

QT dispersion (defined as the difference
between maximal and minimal QT interval
duration in all measurable ECG leads) is a method
for determining myocardial repolarization
inhomogeneities. The exact relationship between
the heart rate and ventricular recovery dispersion
is still unknown. Some studies demonstrated that
QT dispersion was increased with premature
beatsl2526],

Akalin et all16l measured QT dispersion and QTc
dispersion of 43 children aged 22.7+17.7 months
with breath holding spells and compared them
with the same ECG markers of 25 normal children
matched to the patients regarding their age and
sex. They demonstrated that QT dispersion and
QTc dispersion were significantly increased in the
children with breath holding spells compared to
the normal subjects.

In the present study, we calculated both QT
dispersion and QTc dispersion and found that QTc
dispersion had significantly increased in the
patients with breath-holding spells compared to
the control subjects; however, no statistically
significant changes were observed in QT
dispersion of the patients and the control subjects.
These results may suggest that QTc dispersion is a
more  sensitive predictor of ventricular
repolarization inhomogeneity in comparison to QT
dispersion. By correcting the QT interval using
Bazett formula, respiratory sinus arrhythmia
which is more prominent in the children with
breath holding spells will not affect the QT interval

and may not affect the QT dispersion, as well.

Furthermore, endocardial, epicardial, and M
cells are three distinct electrophysiological cell
types that have significant differences in the time
course of repolarization. The T wave on the
surface ECG results from transmural voltage
gradient of these three types of cells and T peak to
T end interval provides transmural dispersion of
repolarization. Although this theory is proven by
evaluation of left ventricular wedge preparations
which only assess the transmural voltage
gradients, it is not clear whether the T peak to T
end interval is actually a reflection of transmural
dispersion of repolarization. in the living
heartsl27.28. Nevertheless, a large number of
studies have shown that T peak to T end interval
on the surface ECG is a helpful marker for
prediction of the risk for the development of life-
threatening ' arrhythmiasl29-32l. In this study, we
also measured T wave peak to T end dispersion
and ‘compared ‘this parameter in the healthy
children and the children suffering from breath
holding spells and the results demonstrated no
statistically significant differences between these
two groups.

The main limitation of this study was its limited
follow up period. It is highly probable that by
further follow up and cardiac evaluation of these
patients, more significant abnormal ECG findings
will be found.

Conclusion

QTc dispersion was significantly increased in the
patients with breath-holding spells compared to
the normal children and this is a sign of cardiac
repolarization changes as well as increased risk of
cardiac arrhythmia in breath-holding spells.
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