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ABSTRACT

Objective: Breath holding spells is a non-epileptic paroxysmal disease which is frequently seen in childhood. In
this study, we aimed to investigate electrocardiographic atrial conduction and ventricular repolarization changes
in children with breath holding spells.

Materials and methods: We reviewed the electrocardiograms of 58 patients with breath holding spells who ad-
mitted to SBU Okmeydani SUAM Pediatric Cardiology Clinic between November 2018 and February 2019. QT,
QTc (calculated with Bazett formula), T peak-end (Tp-e), QT dispersion (QTd), QTc dispersion (QTcd), Tp-e/QT
ratio, Tp-e/QTc ratio, JT interval, JTc (calculated with Bazett formula), Tp-e/JT ratio, Tp-e/JTc ratio and P dispersion
(Pd) were measured and compared with the control group of 44 healthy children.

Results: In the control and the case groups, mean QTd was 19.86 ms and 38.57 ms, QTcd was 28.34 ms and
58.03 ms, Tp-e/QT ratio was 0.16 and 0.26, Tp-e/QTc ratio was 0.11 and 0.17, JT interval was 204.09 ms and
224.52 ms, JTc value was 290.00 ms and 333.72 ms, Tp-e/JT ratio was 0.23 and 0.35, Tp-e/JTc ratio was 0.16
and 0.24, Pd was 29.32 ms and 40.53 ms respectively. Differences between two groups were statistically signif-
icant (p < 0,001).

Conclusion: QTd, QTcd, Tp-e, Tp-e/QT ratio, Tp-e/QTc ratio, JT, JTc, Tp-e/JT, Tp-e/JTc ratio and Pd were increased
significantly compared to healthy children. Based on the results, ventricular repolarization and atrial conduction
were affected in patients with breath holding spells. These patients may be under the risk of developing rhythm

disorders.

© 2019 Elsevier Inc. All rights reserved.

Introduction

Breath holding spell is a non-epileptic paroxysmal disease which is
frequently seen in childhood, with the prevalence of 5%. Although the
etiology is not known, autonomic dysfunction and increased vagal
tonus leading to cardiac arrest and cerebral anoxia are considered to
play arole. The typical age of onset is 6-18 months, and it disappears to-
wards the age of six with the maturation of autonomic system. Attacks
start with a short crying after a minor trauma or an emotional stress
and end with a longer period of expiration. Some children may experi-
ence unconsciousness. Based on changes in skin color during the spell,
breath holding spells can be divided into three groups as cyanotic, pallid
and mixed [1,2].

Although these attacks were previously considered as benign epi-
sodes spontaneously disappearing in children between 6 and 8 years
old, recent studies have shown that many of these patients may develop
arrhythmia and syncope attacks in their future life [3-6].

QT dispersion (QTd) is a non-invasive evaluation way of ventricular
myocardium repolarization by electrocardiogram (ECG) and also shows
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the risk of severe ventricular arrhythmia and coronary artery disease. In
different diseases such as cardiomyopathy, mitral valve prolapse, ische-
mic heart disease and renal insufficiency, QTd may increase the risk of
arrhythmia and sudden death [7,8]. In a study, QTd was found to be sta-
tistically significantly increased in patients with spells [9], but in an-
other study there was no difference in QT between healthy children
and children with spells [10]. In another study, it was shown that breath
holding spells may occur as the first symptom of children with long QT
syndrome [11].

Abnormal ventricular repolarization is an important mechanism in
malignant ventricular arrhythmias and cardiovascular mortality [12].
In addition to QTd, recent ECG indices such as T peak-end (Tp-e), Tp-
e/QT ratio have emerged as markers of the transmural dispersion of re-
polarization [13-17]. The prolongation of the Tp-e interval and the in-
crease in the Tp-e/QT ratio are associated with malignant ventricular
arrhythmia in long QT syndrome, Brugada syndrome and hypertrophic
cardiomyopathy [18,19].

The JT and JTc are more specific measurements of ventricular repo-
larization than QT and QTc by eliminating QRS duration variability. It ap-
pears to be a more useful predictor of repolarization abnormalities, and
may be helpful to identify patients with LQTS who have borderline or
normal QTc measurements on ECGs [20].
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There are few studies in the literature about these new indices in
children with breath holding spells. Amoozgar et al. [21] demonstrated
in their study that in children with breath holding spells QTcd increased,
but there was no statistically significant difference in Tp-e and P wave
dispersion (Pd).

In this study, we evaluated new ECG indices for abnormal ventricular
repolarization and atrial conduction in children with breath holding
spells.

Materials and methods

This study includes 58 children, 1 mo-old to 6 yr-old age, diagnosed
with breath holding spell at Okmeydani Training and Research Hospital
Pediatric Cardiology Clinic, Istanbul, Turkey from November 2018 to
February 2019. The patients had no additional disease and no drug
use. Echocardiograms (ECO) and ECGs were taken from all children.

Electrocardiograms were performed at 12 lead, 25 mm/sec speed
and 10 mm/mV calibration. The control group included 44 healthy chil-
dren aged 1 mo-old to 6 yr-old age who were referred to the Pediatric
Cardiology Clinic for regular checkups and had no abnormality in car-
diac examination, ECG and ECO. The study was approved by the Ethics
Committee of Okmeydani Training and Research Hospital, Istanbul,
Turkey.

Age, gender and weight information of the case and the control
groups were recorded. In the ECGs, P, QRS, T wave, PR interval (from
the beginning of the P wave to the beginning of the QRS complex), QT
interval (from the beginning of the Q wave to the end of the T wave),
QTc (calculated with Bazett formula), T peak-end (Tp-e, the interval be-
tween the peak and end of the T wave), QTd (QT dispersion; difference
between the minimal and maximal QT intervals measured in all leads in
each patient's ECG), QTcd (QTc dispersion; measured in all leads of ECG
and calculated with Bazett formula) Pd (P dispersion; difference be-
tween the minimal and maximal P intervals measured in all leads in
each patient's ECG), Tp-e/QT ratio, Tp-e/QTc ratio, JT interval (between
the end of the S wave and end of the T wave), JTc (calculated with Bazett
formula) Tp-e/JT ratio and Tp-e/JTc ratio were measured and compared
with the control group. All the measurements were taken using magni-
fication and a manual ruler by 2 observers blinded to the study. Intra-
and interobserver variability for the measurements was determined as
<5%. Measurements were not taken in ECG leads which have high arti-
facts and where the starting or finishing point of the waves could not
be selected.

Statistical Package for Social Sciences (SPSS) 22.0 program was used
for statistical analysis. Quantitative data were compared with “T-Test
“and qualitative data were compared with” Chi-Square Test”. p < 0.05
was considered as statistically significant.

Results

Out of 58 case group, 31 were female (53%) and out of 44 control
group, 22 were female (50%). No statistically significant difference was
found between the groups at gender comparison (p = 0.73).

The mean age in the case group was 20.82 £ 18.2 months (between
1 and 72 months) and the control group was 22.23 + 18.5 months (be-
tween 1 and 72 months) and there was no statistically significant differ-
ence. (p = 0.95).

The mean weight was 11.94 £ 4.5 kg in the case group and 12 +
9.5 kg in the control group and no statistically significant difference
was observed between the groups (p = 0.7).

The mean heart rate was 138.02 £ 27.8 bpm in the case group and
125.07 + 23.6 bpm in the control group with a statistically significant
difference (p = 0.015).

No statistically significant difference was found between the case
and the control group regarding the P, PR, QRS and T intervals in ECG
measurements and the data are given in Table 1.

Table 1
P, PR, QRS and T intervals in the case and the control groups.”
Case Control p value
P interval (ms) 84.31 + 146 8391 £+ 175 0.90
PR interval (ms) 11,134 £ 157 116.64 + 15.7 0.09
QRS interval (ms) 71.76 + 74 69.05 + 10.1 0.12
T interval (ms) 166.9 + 37.8 159.55 + 30.6 0.29

¢ Values are given as mean 4 standard deviation. (ms: milliseconds).

Statistically significant differences were found between the groups
regarding the QT, QTc, Tp-e, Tp-e/QT ratio, Tp-e/QTc ratio, QTd, QTcd,
Pd, JT, JTc, Tp-e/JT ratio and Tp-e/JTc ratio in the ECG measurements
(Figs. 1, 2). The data are given in Table 2.

Comparison of QTc according to gender in case group, the mean QTc
was 446.83 + 13.0 for females and 438.44 4 11.2 for males. The differ-
ence was statistically significant (p = 0.012).

Discussion

Breath holding spells are benign and common clinical conditions. In
different studies, the prevalence has been reported as 4% to 27% of chil-
dren between six months and six years old [22]. In a study by Olsen et al.
[23], 30.6% of the children who had breath holding spells in childhood
suffered from syncope attacks and 29.4% of these children had concen-
tration problems in long term.

Iron deficiency is common in patients with breath holding spells and
is considered to play a role in the pathogenesis but the mechanism is not
clear. Iron is considered to play a role in catecholamine metabolism and
neurotransmitter function. Decreased oxygen-carrying capacity due to
iron deficiency anemia and decreased cerebral oxygenation is another
suggested mechanism [24,25]. Even though iron deficiency anemia is
common in children with breath holding spells, autonomic dysfunction
is considered to be the main pathogenesis of this clinical entity.

As the heart rate increases (RR interval shortens), the QT interval
shortens in the normal heart. Therefore, the corrected QT interval
(QTc) adjusts the QT interval correctly for heart rate extremes using
the preceding RR-interval [26]. QTd, QTcd and Tp-e interval, which are
used to indicate ventricular conduction and the deterioration of myo-
cardial oxygenation as a result of autonomic dysfunction, are considered
as markers that reflect abnormal ventricular repolarization associated
with arrhythmogenesis [13-17]. Akalin et al. [9] showed that QTd was
increased from 44.8 ms to 59.5 ms and QTcd increased from 79.6 ms
to 102.1 ms in 43 patients who had breath holding spells compared to
25 controls. Amoozgar et al. [21] showed that the QTcd was statistically
different in the case and the control groups, 148.2 and 132 ms, respec-
tively, but no significant change was found in QTd. Movahedian et al.
[27] found that the QTd was 61.6 and 47.1 ms, and the QTcd was 104
and 71.9 ms, respectively in the case and the control groups. In our
study, QTd was increased from 19.86 ms to 38.57 ms and QTcd was in-
creased from 28.34 ms to 58.03 ms respectively in the case and the con-
trol groups, respectively, and the differences were statistically
significant (p < 0.001).

Kiiciik et al. [28] found that the heart rate, Tp-e interval, Tp-e disper-
sion, Tp-e/QT and Tp-e/QTc ratios were statistically higher in patients
with Down syndrome without congenital heart disease compared to
the control group. Akin et al. [29] found that in children with subclinical
hypothyroidism, minimal QT was lower than healthy children, mean-
while maximal QT, QTd, QTcd, Tp-e, Tp-e/QT ratio, and Tp-e/QTc ratio
were higher. In this study we also investigated and compared the new
indicators of ventricular repolarization in children with breath holding
spells and the control group. In the control and the case groups, the
mean Tp-e was 47.27 ms and 80.09 ms, the Tp-e/QT ratio was 0.16
and 0.26, the Tp-e/QTc ratio was 0.11 and 0.17, JT interval was 204.09
and 224.52 ms, JTc was 290.00 and 333.72 ms, Tp-e/JT was 0.23 and
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Fig. 1. ECG sample of a patient in case group.

0.35, Tp-e/JTc was 0.16 and 0.24, respectively and the differences be-
tween the groups were statistically significant (p < 0.001).

P-wave dispersion is a non-invasive method used to evaluate the
risk of atrial fibrillation resulting from disruption of homogeneity and
continuity in atrial conductivity. Autonomic dysfunction affects intra-
and interatrial conduction resulting in inhomogeneity and discontinuity
in atrial conduction system [21]. Imamoglu et al. [30] reported that Pd
was increased in children with type 1 diabetes. In addition, Simsek
et al. [31] reported that the Pd was prolonged in adult patients with
iron deficiency anemia due to autonomic dysfunction and tissue hyp-
oxia. However, Amoozgar et al. [21] did not find a statistically significant
difference in Pd in children with breath holding spells. In our study, the
mean Pd was 29.32 ms in the control group and 40.53 ms in the case
group and the difference was statistically significant (p < 0.001).

In our study, the mean heart rate was 125 bpm in the control group
and 138 bpm in the case group, and the difference was significant (p <
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0.015). This difference in heart rate may be resulting due to autonomic
dysregulation in children with breath holding spells. Although we found
differences in QT, QTc, Tp-e, Tp-e/QT ratio, Tp-e/QTc ratio, QTd, QTcd, Pd,
JT, JTc, Tp-e/JT ratio and Tp-e/JTc ratio, there was no significant differ-
ence in terms of P, PR, QRS and T intervals, suggesting that these new in-
dices are more valuable in indicating atrial conduction and ventricular
repolarization.

The main limitation of our study was the lack of long-term follow-up
of the patients. More evident ECG pathologies may be observed in the
follow-up. Further investigation is needed for these new indices of ven-
tricular repolarization in children with breath holding spells.

Conclusion

Ventricular repolarization and atrial conduction are affected in pa-
tients with breath holding spells. QT, QTc, Tp-e, Tp-e/QT ratio, Tp-e/

Fig. 2. ECG sample of a patient in control group.
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Table 2
QT, QTc, Tp-e, Tp-e/QT ratio, Tp-e/QTc ratio, QTd, QTcd, Pd, JT, JTc, Tp-e/JT ratio, Tp-e/|Tc
ratio values in the case and the control groups.*

Case Control p value
QT interval (ms) 296.64 & 16.4 287.86 4 27.0 0.045
QTc interval (ms) 44293 + 12.8 410.05 + 21.3 <0.001
Tp-e (ms) 80.09 + 153 4727 + 7.8 <0.001
Tp-e/QT ratio 0.26 + 0.04 0.16 + 0.02 <0.001
Tp-e/QTc ratio 0.17 £ 0.03 0.11 £ 0.01 <0.001
QTd (ms) 3857 £ 114 19.86 4+ 7.2 <0.001
QTcd (ms) 58.03 4+ 17.8 28344+ 114 <0.001
Pd (ms) 40.53 4+ 10.3 29.32 4+ 15.6 <0.001
JT (ms) 224.52 4 26.6 204.09 4 22.7 <0.001
JTc (ms) 333.72 4+ 26.2 290.00 4 22.1 <0.001
Tp-e/JT ratio 0.35 £ 0.06 0.23 £+ 0.04 <0.001
Tp-e/JTc ratio 0.24 + 0.05 0.16 + 0.03 <0.001

¢ Values are given as mean + standard deviation. (ms: milliseconds).

QTcratio, QTd, QTcd, Pd, JT, JTc, Tp-e/JT ratio and Tp-e/JTc ratio were sig-
nificantly increased compared to healthy children. These increases may
be considered as a sign of cardiac arrhythmia risk in breath-holding
spells.
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