Tirkiye Klinikleri Pediatri Dergisi
Turkiye Klinikleri Journal of Pediatrics

Turkiye Klinikleri J Pediatr. 2021;30(1):22-30

I ORIJINAL ARASTIRMA ORIGINAL RESEARCH I

DOI: 10.5336/pediatr.2020-75455

Researching the Presence of P Dispersion Among Children of
Adult Patients with Idiopathic Atrial Fibrillation

Idiyopatik Atriyal Fibrilasyonlu Erskinlerin Cocuklarinda
P Dalga Dispersiyonu Varliginin Degerlendirilmesi

Serkan Bilge KOCA?, * Senem OZGUR?®,

*Clinic of Endocrinology, Denizli State Hospital, Denizli, TURKEY

Selmin KARADEMIR®,

Siileyman KALAYCI¢

°Clinic of Pediatric Cardiology, Dr. Sami Ulus Children Training and Research Hospital, Ankara, TURKEY
“Clinic of Cardiology, Zonguldak Atatiirk State Hospital, Zonguldak, TURKEY

This study was presented as a poster in 11" International Congress of Update in Cardiology and Cardiovascular Surgery Meeting, March 26-29, 2015, Istanbul, Turkey

ABSTRACT Objective: Interatrial and intraatrial conduction prob-
lems were detected in individiuals with atrial fibrillation (AF). Ge-
netic studies in AF patients has been suggested that atrial and
ventricular arrhythmias are both associated with common genes. The
conduction patterns in atrial arrhythmias are defined by P-wave dis-
persion (PWD) index. Material and Methods: Twenty six children
of 16 idiopathic AF patients and 29 healthy children from 29 differ-
ent families were enrolled in the study. One group had a family his-
tory of idiopathic AF, in one of the parents. Electrocardiography
findings [heart rate, rhythm, maximum (max) and minimum (min) du-
rations of P wave, QT, QTc intervals, and also dispersions] were
recorded. Electronic ruler measurement mean values were calculated
from 3 subsequent cycles of the DII derivation. Results: Comparing
the factors of P;, QRS, QT axs QT i, QTd, QTe v, QTCpmin, QTc
dispersion and J point-T peak time, no significant difference was de-
tected between the two groups (p>0.05). P, and PWD (108.4=11
ms versus 94.249.6 ms and 54+11 ms versus 439 ms p<0.0001) were
found to be significantly higher in the study group, respectively,
whereas PR interval time was significantly higher in the control group
(129417 ms versus 14318 ms p=0.001). Conclusion: PWD can be
used to determine the likelihood of AF in the presymptomatic stage.
Further studies are needed including long-term outcomes of healthy
children with idiopathic AF family history, associated with the de-
velopment of AF in adulthood.
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OZET Amag: Siniis uyarilarmin intraatriyal ve interatriyal ileti siire-
lerinde uzama atriyal fibrilasyon (AF) bulunan hastalarda gézlenen
temel elektrofizyolojik bozukluklardandir. Genetik ¢alismalarda idiyo-
patik atriyal ve ventrikiiler aritmilerin benzer genlerle iligkisi saptan-
mustir. Atriyal aritmili hastalardaki iletim kalib1, P dalga dispersiyonu
[P-wave dispersion (PWD)] ad1 verilen indeksle degerlendirilmektedir.
Gereg ve Yontemler: Calismaya 16 erigkin idiyopatik AF hastasinimn 26
saglikli gocugu ve 29 farkli aileden 29 saglikli gocuk dahil edildi. Ebe-
veynlerinden birinde idiyopatik AF olan ¢ocuklar ve aile dykiisiinde
kalp hastalig1 bulunmayan saglikli gocuklarda elektrokardiyografi bul-
gulari [kalp hizi, ritim, P dalgasi, QT ve QTc intervallerinin maksimum
(maks) ve minimum (min) siireleri, QT, QTc ve PWD] kaydedildi. Ol-
ctimler D II derivasyonundan elde edilerek bilgisayar ortaminda elek-
tronik hassas cetvel ile ti¢ ardigik derivasyon 6l¢iimlerinin ortalamasi
alindi. Bulgular: Calisma grubunda sirasiyla P .. -ve PWD daha yiik-
sek (108,4£11 ms; 94,2+9,6 ms, 54+11 ms; 43+9 ms p<0,0001), kont-
rol grubunda ise PR interval zamani (129+17; 143£18, p=0,001) daha
yiiksek bulundu. P_;., QRS siiresi, QT .15, QT in, QT dispersiyonu,
QTeaks QTCmin, QTc dispersiyonu ve J noktasi-T pik zamani faktor-
lerinin karsilastirilmast ile iki grup arasinda anlamli bir fark saptan-
mad1 (p>0,05). Senu¢: PWD, presemptomatik evredeki AF olasiligini
belirlemek i¢in kullanilabilir. Aile dykiisiinde idiyopatik AF olan ¢o-
cuklarin erigkin donemde AF gelistirme agisindan uzun dénemde iz-
lenmesi ve sonuglarini igeren yeni ¢aligmalara ihtiyag vardir.

Anahtar Kelimeler: Atriyal fibrilasyon; ¢cocuk; elektrokardiyografi

Atrial fibrillation (AF) is a type of arrhythmia
which is rarely seen in the pediatric population. The
main electrophysiologic disorders encountered in AF
patients are prolonged interatrial and intraatrial con-

ductions.'* Lone or idiopathic AF which occurs with
unknown etiology is seen in 2%-16% of pediatric and
adult patients. It has been suggested that AF is asso-
ciated with genetic factors in these cases. Several
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electrocardiograph (ECG) findings are expected to be
in children of AF patients by reason of genetic fac-
tors in AF with unknown etiology.

In recent studies, P-wave dispersion (PWD) has
been observed in patients with AF. PWD is a new
and simple electrocardiographic parameter that has
been reported to be associated with inhomogenous
and discontinuous propagation of sinus impulses.*
PWD is defined as the difference between the
widest and the narrowest P wave duration from the
12 ECG leads.* Besides AF, PWD is increased by
atrial strain consisting of pressure or volume load,
electrolyte abnormalities and increased sympathetic
activity.*?

Previously, PWD has been studied in hyperten-
sion, obesity, insulin resistance, Diabetes mellitus,
anorexia nervosa, asthma, acute romatic fever, mi-
graine attacks, childhood obstructive sleep apnea syn-
drome, inflammatory bowel disease, coronary artery
disease, mitral valve prolapse, congenital heart dis-
ease which undergone cardiac surgery, various car-
diac and non-cardiac diseases as well as for the
healthy population in childhood.'*?° In many clinical
conditions, it may determine the risk of AF with rel-
atively high sensitivity and specificity.

In healthy students PWD was influenced by gen-
der, body mass index and heart rate. In a study, which
was conducted among students who were doing reg-
ular sport activities, PWD was determined to be
higher in boys than in girls.”!

The QT interval reflects the total duration of
ventricular depolarization and repolarization. The ex-
tended QT interval is also a simple indicator of ven-
tricular myocardial depolarization and repolarization
abnormalities.”” Changes in the QT interval are also
called QTd and it is suggested that such changes in
the QT interval show the regional differences in ven-
tricular repolarization.>**

This study was planned considering similar ge-
netic predispositions causing both atrial and ventric-
ular arrhythmias. It was thought that P and QT
dispersion times may be longer in children of adult
idiopathic AF cases.

The aim of this study is to evaluate PWD and
QTd whether to predict the risk of atrial and ventric-
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ular arrhythmias using a non-invasive ECG method
in children of those patients with idiopathic AF.

I MATERIAL AND METHODS

The children of 16 patients with idiopathic AF who
were being followed by Tiirkiye Yiiksek Ihtisas
Hospital cardiology clinics were enrolled in this
study. Underlying etiology of this group was ex-
plored. The age range of the AF cases were less
than 55 years. Valvular heart disease, occult cardiac
pathologies such as hypertension or ischaemic heart
disease, endocrine causes were explored in these
patients and any reason could not be obviously
identified.

The study group consisted of 26 healthy children
of 16 patients who had idiopathic AF. The control
group consisted of 29 children from 29 different fam-
ilies who had no chronic disease or family history of
AF. Both groups had similar age and gender charac-
teristics. Control group were randomly selected
within patients who had been referred to Dr. Sami
Ulus Obsterics and Paediatrics Research and Training
Hospital due to the presence of innocent cardiac mur-
mur. The study was conducted between January 2013
and April 2013. Informed consent forms were ob-
tained from both the study and control groups.

The study was performed in accordance with
the Declaration of Helsinki for Human Research. The
study was approved by the ethics committee of Zekai
Tahir Burak Women’s Health Training and Research
Hospital on 11.12.2012 with decision no: 77.

Criteria for inclusion to the study were;
B Being under the age of 18 years

B Being the children of an AF patient (for the
study group)

B Not having any additional cardiac abnormal-
ities or under medical treatment that can affect ECG

B Obtaining informed consent from their par-
ents

Certain factors involving their age, gender,
weight, height, the presence of close relative mar-
riage, a family history of sudden infant death syn-
drome or sudden cardiac death and existence of AF in
the family were all recorded. Palpitations, chest pain,
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syncope with unknown etiology, a history of chest
tightness were all examined in both the study and
control groups to determine any cardiac symptoms.

Physical examination results were recorded
along with the weight and height of the participants.
Standart beam scale and height board were used to
evaluate the anthropometric measurements (GL200,
G-tech International CO, LTD; Turkey).

A 12 lead ECG was used to examine all the par-
ticipants with a 6-channeled ECG device. All meas-
urements were done by the same staff at similar
conditions with the child lying down, after a resting
period of ten minutes. All ECG records were evalu-
ated by a pediatric resident together with a senior pe-
diatric cardiology specialist. The ECG records were
first assessed visually and then computerized. The MB
ruler 1.52 programme was used for the measurements.
The electronic ruler measurements mean values were
calculated from 3 subsequent cycles of the same der-
ivation. The ruler measurements were found to be
more reliable than visual method in previous studies.

The control group consisted of children who had
no cardiac or chronic disease, had normal growth and
neuromotor development, had been examined for in-
nocent cardiac murmur and no pathological signs had
been observed. The age and gender of the control
group were similar to those of the study group.

ECG evaluation: 12-lead surface ECG was per-
formed with an electrocardiograph (Nihon Kohden
ECG, 1250K, Tokyo, Japan). Recordings were taken
at a calibration of 10 mm/mV and the paper speed
was 25 mm/s. The duration between J point and T
peak, the minimum and maximum durations of P
wave (P, and P,,.), PWD, the minimum and max-
imum durations and dispersions of QT and OTc of 12
derivations were determined. The distance from the
beginning of the Q-wave to the last point where the T-
wave returned to isoelectric line is defined as the QT
interval. If U-waves are present, the narrowest points
between the T- and U-waves are accepted as the end
of the T-wave. QT dispersion is defined as the differ-
ence between the widest QT interval (QT,,,,) and the
narrowest QT interval (QT,,;,), as milliseconds. QT
intervals (milliseconds) are calculated using Bazett’s
formula (QT = QT interval/RR interval). The rhythm,
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axis, mean heart rate, duration of PR interval, QRS
duration, duration between J point and T peak, ST
segment and T wave were all evaluated from DII der-
ivation. The P-wave was defined between the dura-
tion of the positive and negative deflections, from the
beginning of the junction between the isoelectric line
to the offset of the P-wave. Maximum P-wave dura-
tion (P,,,) interval was the widest P-wave value,
minimum P-wave duration (P,;,) interval was the
narrowest, each of them measured. PWD was calcu-
lated, the difference between P, and P, (as mil-
liseconds). All ECG records were scanned with a 300
dots per inch (dpi) resolutioned computer. They were

min

opened with an upsized x400 microsoft office picture
manager programme then measured with an elec-
tronic ruler using the MB ruler programme. The vi-
sual and computer program measurements were
calculated and then computer measurements were se-
lected.

STATISTICAL ANALYSIS

IBM SPSS for Windows version 21.0 was used to an-
alyze the data. The numeric variable was presented
as meantstandard deviation and mean (minimum-
maximum). The categorical variable was presented
as number and percentage. The chi-square test was
used to show the differences concerning categorical
variables between the groups. The Shapiro-Wilk test
was used to show the normality of numeric variable
and the Levene test for homoscedasticity.

The differences between independent variables
concerning numeric variables were examined with T
test in cases of parametric test assumption. Mann-
Whitney U test was used in cases with non-parametric
test assumption. The value of significance was p<0.05.

I RESULTS

The study group was consisted of 26 children (47%)
and the control group consisted of 29 children (53%).
The demographics of the participants are shown in
Table 1. The mean age of the study group was
104+62 months. There were 12 boys (46.2%) and 14
girls (53.8%) in the study group. The mean age of the
control group was 99+50 months. In the control
group there were 17 males (58.6%) and 12 females
(41.4%). There was no relationship concerning age
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TABLE 1: Participants’ demographic features.
Control Study group p value

Number of cases 29 26
Age (months) 99450 104+62 0.758
Gender 0.513
Female 12 14
Male 17 12
Anthropometric measures
Weight (kg) 30.3+14.7 31+18.3 0.884
Height (cm) 128.1+26.4 127.6+30.4 0.954
Type of atrial fibrillation
Paroxysmal 24
Paroxysmal fibro-flutter 1
Paroxysmal fibrillation-SVT 1
Consangionuity
Second degree 1 5
Distant 3
No 28 18
Symptom
Palpitation 1
chest pain 8 1 0.093
Syncope 1
Tightness in chest 2
Normal 19 23
Physical examination outcomes <0.0001
Murmur 2 4
Pectus excavatum 1
Normal 21

SVT: Supraventricular tachycardia.

Values are presented as meanzstandart deviation. The mean difference is significant at the 0.05 level. Significant p values are shown in bold.

and gender distribution between the study and con-
trol groups respectively (p=0.758, p=0.513).

The mean weight was 31+18.2 kg in the study
group and 30.3+14.7 kg in the control group. The
mean height was 127.6£30.4 in the study group and
128.1£26.4 cm in the control group. There was no re-
lationship as far as weight and height were concerned
between the study and control groups respectively
(p=0.884, p=0.954).

The mean P, was 108.42+11.172 ms, the mean
P, was 54.2745.568 ms and the mean PWD was
54.08+11.805 ms in the study group. The mean dura-
tion of PR interval was 129.42+17.732 ms, the mean
duration of QRS 56.12+12.694 ms, the mean QT,,,,
353.88+43.305 ms, the mean QT,,;;, 296.04+38.989
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ms, the mean QTd 57.77+19.402 ms, the mean QTc-
max  434.42+£16.209 ms, the mean QT, min
363.12+021.737 ms, the mean QT_ dispersion
71.31£19.417 ms and the mean duration between J
point and T peak was 215.62+29.570 ms.

The mean P, was 94.24+9.676 ms, the mean
P 51.21£6.126 ms and the mean PWD
43.03+9.682 ms in the control group. The mean du-
ration of PR interval was 143.31+18.567 ms, the
mean duration of QRS 63.79+17.131 ms, the mean
QT,..x 350.34+033.274 ms, the mean QT,;,
290.48+26.091 ms, the mean QTd 59.86+18.136 ms,
the mean QTc,,,, 440.83+£17.740 ms, the mean QT,
min 359.62+23.067 ms, the mean QT dispersion
81.28420.927 ms and the mean duration between J

min
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point and T peak was 209.03428.655 ms. P,
tion and PWD were found to be higher in the study
group (p<0.0001). The duration of PR interval was
found to be higher in the control group (p<0.0001).
There was no relationship between the two groups

dura-

concerning of P_... QRS duration, QT,,., QT i,
QTd, QTc,,y, QTe,;n, QTe dispersion or the duration
between J point and T peak (p>0.05). The ECG
changes of all participants are shown in Table 2.

I DISCUSSION

AF is a kind of arrhythmia which is rarely seen in the
pediatric population. AF is activated in an irregular
and asynchronous manner, and the velocity of the
rhythm is 400-700 beats/minute. It is seen in children
who have genetic syndromes such as Wolft-Parkin-
son-White or short QT as well as in children who
have been operated for atrium diseases such as total
cava-pulmonary anastomosis or atrial switch.?-%’
There is a risk of AF in hyperthyroidism, rheumatic
mitral valve disease, hypertrophic and dilated car-

PWD is the difference between the maximum
and minimum P wave durations which are recorded
from different ECG derivations.* P wave duration and
PWD are used to determine the rate of atrial impulse.
PWD and P
cally depend on the amount of tissue. It is a simple

max Teflect atrial muscle activity and basi-
ECG result which is used to determine the intraatrial
or interatrial conduction time and the propagation of
non-homogenous sinus impulses in the atriums prone
to fibrillation. PWD is increased by atrial strain which
is consisting of pressure or volume load, electrolyte
abnormalities and increased sympathetic activity.*’
Non-homogenous and discontinuous propagation im-
pulses in patients with atrial arrhythmia is a valuable
parameter in order to predict the risk of AF.!

QT interval and corrected QT are used to evalu-
ate ventricular repolarization in clinical applications.
The repolarization abnormalities cause an increase in
QT dispersion in patients with cardiac problems. QTd
is a simple but directing criteria to evaluate the repo-
larization abnormalities. An increase in QT disper-

diomyopathy, myocarditis or digoxin intoxication. sion  demonstrates  non-uniform  ventricular
TABLE 2: The ECG changes of all participants.

Control Study group p value
Number of cases 29 26
Piax (Ms) 94.2+9.6 108.4+11 <0.0001
Ppin (MS) 5116 54.2+5 0.298
P wave dispersion (ms) 4319 54+11 <0.0001
PR duration (ms) 143+18 12917 =0.001
QRS duration (ms) 6317 5612 0.019
QT ax (Ms) 350+33 353+43 0.83
QT i (Ms) 290+26 296+38 0.486
QT dispersion (ms) 59+18 57+19 0.493
QTe-maximum (ms) 440+17 434+16 0.058
QTc-minimum (ms) 359+23 36321 0.73
QTc dispersion (ms) 81+20 7119 0.045
Jpoint-Tpeak interval (ms) 209+28 215429 0.339
Mean heart rate (beats/minute) 97+18 99+26 0.74
Sinus rhythm 27 18
Sinus arhythmia 4
Sinus tachycardia 2 4
Axis 0-+90 0-+90 >0.05

ms: Millisecond; QT,: Corrected QT.

Values are presented as meanzstandart deviation. The mean difference is significant at the 0.05 level. Significant p values are shown in bold.
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repolarization and this situation may cause malign
ventricular arrhythmia.

P wave duration, PWD, QT and QT, dispersion
were evaluated by surface ECG in this prospective
and clinical laboratory study which compares the
ECG findings of the children of AF patients with
those of the healthy population. In the present study,
we aim to research the electrocardiographic changes
that represent atrial propagation and ventricular re-
polarization abnormalities in children of idiopathic
AF patients. An automated and measured system of
ECG was used to record and investigate the data.

PWD and P,,, which indicate a risk of AF were
observed to be higher in the otherwise healthy chil-
dren of AF patients (p<0.0001). To the best of our
knowledge there are no studies evaluating the ECG
aspects of children of AF patients to determine atrial

and ventricular abnormalities.

Coronary atherosclerosis is an important prob-
lem among adults in Turkey. Coronary heart disease
is the principal cause in the etiology of considering
the occurrence of AF. The etiology of AF in the par-
ents of our study patients likely to be genetical, in re-
lation to no reason was found when searching for
possible etiologies. Nevertheless, the P wave abnor-
malities of children of these families show that ge-
netic etiology may cause the occurrence of AF.
Long-term and prospective studies are needed to de-
termine the exact causes. PWD is an early and non-
of coronary
atherosclerosis which begins in early childhood
which is able to predict the risk of AF. In fact there is
no limit value for all ages and there is no mean PWD
value for early childhood. The relationship between
AF and coronary atherosclerosis is an unknown qual-
ity. The PWD values of children with and without hy-
perlipidemia might be evaluated and indeed a mean

invasive 1identification method

PWD value may be calculated in the future so that
hyperlipidemic patients will be able to be followed
with PWD controls. Therefore there are studies in-
vestigating the relation of antihypertensive treatment
and PWD values in adults. PWD values can be used
as a non-invasive method to follow changes in
rhythm in children with hypertension, obesity or hy-
perlipidemia.?®
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There have been several studies in adults with
chronic disease which have investigated atrial and
ventricular abnormalities by using ECG. On the
other hand, few studies were about this subject in
children. Although there have been several adult
studies concerning hypertension, metabolic syn-
drome and PWD value, there have been few in chil-
dren. Dilaveris et al. found that morphological
abnormality of P wave was rare but that wide P
wave duration was more common in their study
which investigated the prevalence of interatrial
block by analysing P wave morphology and dura-
tion in healthy children.?” In studies P wave dura-
tion >110 ms in adult and >90 ms in children
indicates abnormal P wave and interatrial block.
Akyuz et al. studied the effect of low birth weight
with atrial conduction and ventricular repolariza-
tion. They compared PWD and the dispersion of QT
and QT between low birth weight and normal birth
weight infants but found no relationship.*® Chavez et
al. studied the relationship between AF and hyper-
tension. PWD was found to be higher in hyperten-
than
normotensives (p<0.001).>! A relationship was

sive and prehypertensive children in
found between PWD and left ventricle muscle index
in hypertensive patients. Short term mortality and
arrhythmia were studied by Amoozgar et al. using
PWD to check atrial conduction in asphyxiated
newborns without congenital disorders.”> PWD was
found to be higher depending on the stage of as-
phyxia. Nevertheless there was no relationship be-
tween short term mortality, arrhythmia and troponin
T levels.

Although the pathophysiology of neurocardio-
genic syncope has not been fully explained, there are
studies suggesting that cardiac autonomic instability
is responsible. Cardiac autonomic tone may alter the
duration of the P wave by affecting atrial conduction
velocity. In a study conducted in the adolescent
group, PWD was found higher in neurocardiogenic
syncope group than the healthy control group.**

PWD and QTd were prolonged in children with
beta thalassemia major. This indicates cardiac auto-
nomic dysfunction. Moreover, positive correlation
with ferritin level and echocardiographic data of car-
diac involvement was detected.**
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Hypoxia, hypercapnia, autonomic dysfunction,
atrial streching, negative intra-thoracic pressure ef-
fect, and all conditions causing inflammation can be
an independent risk factor for atrial arrhythmias.
PWD and QTd may vary depending on the methods
used in the treatment of congenital anomalies of atria
and ventricles. When transcatheter correction was ap-
plied in cases with secundum ASD, there was a de-
crease in PWD in the post-procedure period, since
there was no scar tissue due to surgery and no bypass
was performed.™

Psoriasis is a multi-system disease with chronic
inflammation and cardiovascular morbidity. There
are studies showing that there is a relationship be-
tween psoriasis and cardiovascular risk factors in
adults. Psoriasis and atherosclerosis are thought to
have similar inflammatory mechanisms. In a study of
children considering the pathophysiology of inflam-

mation, P, and PWD were found higher in patients

max

with psoriasis than in the healthy control group.*®

There have also been genetic studies. Atrial fib-
rillation is the most common form of arrhythmia in
adults. Although the incidence of familial forms is
not exactly known it is estimated to be around 30%.
Gene mutations of KCNE2, KCNJ2, KCNAS,
KCNH2 were found in few familial AF cases. These
genes compose the proteins which organize the chan-
nels transporting K* ions inside and outside of cell
membranes. The mutation of these genes increases
the channel activation then causes the transportation
of K" ions to change which result in arrhythmia. In
several cases of, AF the etiology has not been deter-
mined yet it is believed that genetic risks are respon-
sible. Studies to determine the mutant genes are
ongoing.*’3

I CONCLUSION

The present study has shown that PWD should be
used as a non-invasive method to determine the real
stage of risk of AF in those patients who would ap-
pear to be at high risk. More importantly, a rhythm
disorder such as AF can be detected in the presymp-
tomatic period, and symptoms may be prevented or
delayed. According to our findings, although the pa-
tient group was asymptomatic and no arrhythmias
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were detected in their surface ECG, due to idiopathic
AF in family history, these cases should be followed
to see long-term results and new studies should be
planned including new cases. PWD does not have an
average value in a healthy group of children. ECG in-
vestigations in the healthy children can identify a
PWD upper and lower value that may be specific to
each age group. So that a percentile chart specific to
age and population may be achieved. The risk for all
ages can be pre-calculated through these charts.

LIMITATIONS

Inadequate number of cases included in our study be-
cause of the low number of patients with idiopathic
AF. Long term follow up was required for a compre-
hensive evaluation, contrary to our study. The fact
that most of the individuals with idiopathic AF are of
advanced age and the distribution of children in the
adult age group were the limitations of the present
study. Further studies are required including more
participants that can be verified by genetic analysis.
These studies will shed light on the elucidation of the
atrial and ventricular rhythm genetics.
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