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Abstract Reports state that Down syndrome (DS)
patients with congenitally normal hearts might experience
the development of cardiac abnormalities such as cardiac
autonomic dysfunction, valvular lesions, bradycardia, and
atrioventricular block. However, the presence of any dif-
ference in terms of P-wave dispersion (PWd) and QT
dispersion (QTd) was not evaluated previously. This study
prospectively investigated 100 DS patients with structur-
ally normal hearts and 100 age- and sex-matched healthy
control subjects. Standard 12-lead electrocardiograms were
used to assess and compare P-wave and QT durations
together with PWd and QTd. The median age of the DS
patients and control subjects was 48 months. Heart rates
and P-wave and QT dispersions were significantly greater
in the DS group than in the control group (113 &£ 22.9 vs
98.8 = 16.6 bpm, p < 0.001; 31.3 £ 9.5 vs 24 £ 8.6 ms,
p < 0.001; and 46.6 & 15.9 vs 26 £ 9.1 ms, p < 0.001,
respectively). A positive correlation was found between
PWd and age in the DS patients (p < 0.05; r = 0.2). All
children with DS should be followed up carefully with
electrocardiography in terms of increased P-wave and QT
dispersions even in the absence of concomitant congenital
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Trisomy 21, also called Down syndrome (DS), is the most
common chromosomal abnormality, with an incidence of 1
per 700-800 live births [33]. Down syndrome is charac-
terized by dysmorphic features, cognitive impairment, and
various congenital abnormalities [18, 30]. Approximately
40-50 % of affected individuals have congenital heart
defects. The most common defects are atrioventricular
septal defect, ventricular septal defect, isolated atrial septal
defect, and tetralogy of Fallot [32, 33, 35].

The life expectancy of DS patients is affected mainly by
the severity of cardiac anomalies [21]. Because of advances
in congenital cardiac surgery and postoperative care, the
life span of DS patients has progressively increased from
12 to 60 years [6]. However, possibly because of this
prolongation and improvement in diagnostic methods, the
development of various cardiac problems among DS
patients with congenitally normal hearts, including auto-
nomic dysfunction [14, 22], valvular abnormalities [20,
23], bradycardia, and atrioventricular block [7, 29], have
been reported in recent years.

As studies have shown, P-wave dispersion (PWd) and
QT dispersion (QTd) represent the heterogeneity of atrial
depolarization and ventricular repolarization, respectively.
An increase in PWd is associated with a higher risk of atrial
arrhythmias [12, 27]. An increase in QTd results in sus-
ceptibility to ventricular arrhythmias and sudden cardiac
death among patients with myocardial infarction, diabetes
mellitus, chronic heart failure, and pulmonary arterial
hypertension [8, 28, 31]. Although alterations in autonomic
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function and some of the aforementioned cardiac abnor-
malities among DS patients with structurally normal hearts
have been reported [1, 2, 9, 13, 15, 16, 19], PWd and QTd
among these patients have not been studied.

This study aimed to assess PWd and QTd in children
with Down syndrome. To the best of our knowledge, this is
the first study to investigate PWd and QTd in this
population.

Materials and Methods
Patients

This prospective case-control study was conducted in the
pediatric cardiology departments of Izmir Dr Behcet Uz
and Diyarbakir Children’s Hospitals between August 2013
and November 2013. The study enrolled 100 children with
Down syndrome referred to these pediatric cardiology
departments for cardiac evaluation and found to have no
echocardiographic abnormalities. The control group con-
sisted of 100 age- and sex-matched children who had
evaluation of their heart murmurs.

The study excluded patients with congenital heart
defects, ventricular dysfunction, arrhythmia, and indefinite
T-wave termination on electrocardiogram (ECG), as well
as those taking any medication that could affect the QT
interval. Patients who had ECG recordings with less than
nine derivations also were excluded. The study was
approved by the ethics committee of Behcet Uz Children’s
Hospital. All the participants underwent an electrocardio-
graphic (ECG) examination.

ECG Examination

A standard 12-lead ECG was recorded with a sweeping rate
of 25 mm/s and an amplitude of 1 mV/cm with the patients
lying in the supine position. Measurements of the P-wave
and QT interval and calculations of QTd and PWd were
performed by a blinded pediatric cardiologist. All the
durations of these variables were measured with a 5x
magnifying glass.

The time between starting and ending points of P-wave
deflection was measured as the P-wave duration. We cal-
culated PWd as the difference between the duration of
maximum (max) and minimum (min) P-waves [31]. The
time from the beginning of the QRS complex to the end of
the T-wave was measured as the QT interval. In the pre-
sence of the U-wave, the end point of the T-wave was
accepted as the lowest point between the T- and U-waves.

Corrected QT (QTc) was calculated according to Ba-
zzet’s formula [4]. The QT and QTc dispersions were
calculated as the difference between the maximum and

Table 1 Features and electrocardiographic findings for Down syn-
drome (DS) patients and control subjects

DS patients Controls p value

(n = 100) (n = 100)
Gender (M/F) 54/46 54/46 >0.05
Median age (months) 48 48 >0.05
Heart rate (bpm) 113 £ 229 98.8 + 16.6 <0.001
Pax (ms) 714 £ 10.2 66.8 + 11.3 <0.05
Pin (ms) 40.1 £ 74 429 £ 9.1 <0.001
PW dispersion (ms) 313 +£95 24 + 8.6 <0.001
QT ax (Ms) 294 + 31.5 303 + 29.5 <0.05
QT in (ms) 247 £ 31.5 276 £ 29.7 <0.001
QT dispersion (ms) 46.6 £ 15.9 26 £ 9.1 <0.001
QTcpax (ms) 422 £+ 24.1 404 £ 25.2 <0.001
QTcpi, (ms) 357 £ 26.2 371 £ 25.5 <0.001
QTec dispersion (ms) 65.3 £ 26.6 33.7 £ 133 <0.001

PW P-wave, QTc corrected QT

minimum QT and QTc intervals, respectively [4]. The
mean of three separate measurements of the P-wave, QT,
and QTc durations was used to calculate the P-wave, QT,
and QTc dispersions.

Statistical Analysis

The SPSS 18.0 computer package program (SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis.
Numeric data are shown as mean & standard deviation, and
categorical variables are shown as number and frequency.
The distribution pattern of data was assessed by the Shap-
iro—Wilk test and graphic methods. The normally distrib-
uted numeric parameters of the two groups were assessed by
Student’s ¢ test. Pearson’s correlation test was applied for
numeric data, and point biserial analysis was used for cor-
relation between numeric and categorical data. A p value
lower than 0.05 was considered statistically significant.

Results

The demographic and ECG characteristics of the patients
with DS and the healthy control subjects are shown in
Table 1. The median age of the patients with DS was
48 months. The groups were similar in terms of age and
sex (p > 0.05). Comparison of ECG measurements
between the two groups showed a significantly higher heart
rate (p < 0.001), longer P,.x duration (p < 0.05), and
greater PWd (p < 0.001) as well as a shorter P,;, duration
(p < 0.001) in the patients with DS than in the control
subjects. The difference in PWd between the two groups is
shown in Fig. 1.
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Fig. 1 P-wave dispersion durations in Down syndrome and control
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Fig. 2 Dispersion durations of QT and QTc in Down syndrome and
control groups

The patients with DS had a greater QTc maximum
duration, QTd, and QTc dispersion than the healthy control
subjects (all p < 0.001). However, the control group had
significantly longer QT .« (p < 0.05), QT i, (p < 0.001),
and QTc.i, (p <0.001) durations than the DS group
(Table 1). The differences in QTd and QTc dispersion
between the groups are shown in Fig. 2.

A positive correlation was found between PWd and age
in the patients with DS (p < 0.05; r = 0.2). However, age
was not associated with QTd and QTc dispersion in these
patients (all p > 0.05), and sex was not correlated with
PWd, QTd, or QTc dispersion (all p > 0.05).

Discussion

A large proportion of persons with DS have congenital
cardiac malformations, which are associated with some
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morbidities and decreased life expectancy [21]. The current
study evaluated DS patients with structurally normal
hearts. We found that DS patients had a significantly
greater heart rate, maximum P-wave duration, P-wave
dispersion, QTd and QTc dispersion than healthy volun-
teers. A correlation between P-wave dispersion and aging
also was found.

Two important ECG parameters, P-wave dispersion and
maximum P-wave duration, are used to evaluate the
homogenous propagation of sinus node impulses through
the right and left atrial myocardium [27]. These parameters
are markers reflecting the tendency of the atrial myocardium
to atrial fibrillation [12]. Both P-wave duration and PWd are
affected by physiologic changes such as a decrease in heart
rate and an age-related increase in the size and mass of the
heart [31]. An increase in PWd also results from various
clinical conditions including electrolyte imbalance, disten-
tion of the atria due to pressure or volume overload, and
imbalance of cardiac autonomic control [11, 31].

Both QTd and QTc dispersions have been suggested as
two other ECG parameters related to a tendency for
potentially fatal ventricular arrhythmias [8, 28]. In a pre-
vious study, children with ventricular ectopy who had
structurally normal hearts showed significantly greater QTc
dispersion than the control group [10].

Down syndrome adults with structurally normal hearts
have altered autonomic cardiac regulation. These patients
have depressed heart rates and blood pressure responses to
exercise, as well as reduced heart rate recoveries after
maximal exercise. These abnormalities are attributed to
inadequate sympathetic activation, blunted vagal with-
drawal, and catecholamine response [9, 15, 16, 19].
Autonomic dysfunction is suggested to be associated with
increased PWd and QTd [5, 26]. We therefore consider that
a higher PWd and QTd in our DS patients might have
resulted from a higher incidence of autonomic dysfunction
in this population. Because DS is a consequence of a
chromosomal abnormality, the presence of some intrinsic
pathologies affecting myocardial production and conduc-
tion of electrical impulse also may be possible.

Some authors have stated that vagal modulation at rest is
more prominent in DS patients with a structurally normal
heart than in control subjects [3, 17]. They found that DS
patients had a lower resting heart rate and lower blood
pressure levels, attributable to an increased parasympa-
thetic influence on the sinoatrial node.

Interestingly, in contrast to these studies, we found a
higher resting heart rate in the DS patients than in the
control subjects. Because the parasympathetic nervous
system gradually matures from birth to adulthood [25], the
higher heart rate found in our DS patients may have been
associated with a slower maturation of the cardiac auto-
nomic system in these patients.
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Aging is associated with increased P-wave duration,
conduction time, and atrial refractoriness, possibly due to
progressive deposition of fibrous tissue between myocytes.
This deposition of fibrous tissue might be one cause for a
higher incidence of atrial fibrillation in adults [24]. In the
current study, we also observed a correlation between age
and PWd. However, despite the presence of similar cor-
relations between age and QTd as well as between male sex
and QTd reported previously [34, 36], no such correlations
were observed in our study.

We consider that determination of increased PWd, QTd,
and QTc dispersion in persons with DS may have some
clinical implications. The fact that an increase in these
parameters is related to atrial and ventricular arrhythmias,
which have the potential for fatal outcomes, necessitates
long-term follow-up evaluation of DS patients, even in the
absence of structural cardiac anomalies. The probability of
age-related prolongation in these parameters and a poten-
tial resultant increase in cardiovascular risk suggests the
importance of such follow-up assessment.

In conclusion, individuals with DS may be more prone
to ventricular and atrial arrhythmias due to prolonged
duration of the P-wave, QTd, and QT dispersions. There-
fore, with the prolongation of life expectancy, DS patients,
even those with structurally normal hearts, should be fol-
lowed up for many years because of such proarrhythmic
conditions.

The current study is the first to demonstrate increased
PWd, QTd, and QT dispersion in patients with DS. Further
studies are warranted to exhibit the mechanisms and
prognostic implications of these ECG parameters.
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