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1  |  INTRODUC TION

For the first time, Mirvis noticed a significant irregularity of the QT 
intervals in patients with acute myocarditis compared to the healthy 
population (Mirvis, 1985). Later, in 1990, Day et al. proposed a po-
tential application of this inter- lead difference using standard 12- lead 
electrocardiograms (ECGs) (Day et al., 1990). Since then, numerous 

studies have investigated the differences between QT max and min 
in different ECG leads, entitled QT dispersion (QTd) (Day et al., 1990). 
Several studies have shown an association between death from a 
cardiac cause and QTd (Barr et al., 1994; Bazoukis et al., 2020; Naas 
et al., 1998). It should be noted that some findings have challenged 
this association. For example, QTd may decrease as a result of drug 
consumption (Fei et al., 1996; Moreno et al., 1994). Also, an increase 
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Abstract
Background: Numerous studies have shown that QT dispersion (QTd) can be a suit-
able criterion for risk assessment of arrhythmia in patients with congenital heart dis-
ease. Pulmonary arterial hypertension (PAH) increases the risk of cardiac arrhythmia 
by changing ventricular repolarization homogeneity. In this study, we assessed QTd 
changes after PDA device closure and the effect of PAH on these changes.
Methods: Between October 2018 and March 2021, 97 patients (48 males; 49 fe-
males;	mean	age	31.36	±	4.26	months;	 range	3	months	 to	14	years)	who	satisfied	
the primary inclusion criteria and did not meet the exclusion criteria and underwent 
PDA device closure intervention were included in the study. Echocardiography was 
performed before the procedure. QT corrected (QTc), and QTd and PR intervals were 
measured according to the patients’ standard 12- lead ECGs in two periods, preopera-
tive	(1	day)	and	after	(3	months).
Results: In the general group, QTc and QTd decreased significantly after PDA closure. 
Based on our classification of the patients in two groups of high PAP and normal PAP, the 
three parameters QTc, QTd, and PR interval were assessed separately in the two groups. 
All three parameters decreased significantly in the normal PAP and high PAP groups.
Conclusions: However, a left- to- right shunt through the patent ductus arteriosus can 
affect ventricular repolarization; this effect seems to be particularly more significant 
when there is pulmonary hypertension.
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in QTd in patients with idiopathic dilated cardiomyopathy is not linked 
to the increase in mortality (Fei et al., 1996). However, in addition to 
these studies, it seems that QTd can be a suitable criterion for risk as-
sessment of arrhythmia in patients with long QT, hypertrophic cardio-
myopathy, and sustained ventricular arrhythmias (Day et al., 1990; Fei 
et al., 1996; Pye et al., 1994). As we know, pulmonary arterial hyper-
tension (PAH) is a common complication of congenital heart disease 
(Farag et al., 2018). Pulmonary arterial hypertension increases the risk 
of cardiac arrhythmia by changing ventricular repolarization homoge-
neity in three ways, including modulating autonomic activity, delaying 
cardiac repolarization, and causing right ventricular myocardial isch-
emia (Rajdev et al., 2012; Temple, 2017). The importance of research 
on QTd and using the parameter is that it is completely non- invasive 
and, unlike Holter monitoring, can be achieved from a single 12- lead 
ECG within a short period (Linker et al., 1992; Zaidi, 1996). Prolonged 
dispersion in QT is associated with ventricular arrhythmias and sudden 
death in patients with PAH, coronary, and chronic heart disease (Barr 
et al., 1994;	Blužaitè	et	al.,	2006; Brendorp et al., 2001). A study by 
Saleh	et	al.	regarding	this	relationship	showed	that	QTd	had	93%	sensi-
tivity,	80%	specificity,	and	85%	accuracy	in	predicting	the	occurrence	
of arrhythmias in patients with PAH- CHD (p =	 .003	and	p = .01, re-
spectively). The relationship was independent of patients’ age, sex, and 
weight (Saleh et al., 2019). Also, QTd was more prolonged in patients 
with PAH (Saleh et al., 2019). In a study by Ece et al. in 2014, QTd was 
higher in patients with Eisenmenger syndrome (p < .001) (Brendorp 
et al., 2001). Open interventions on the heart have shown to increase 
QT and QTd (p < .001) (Ece et al., 2014). QT and QTc decrease after 
the operation (p < .02) but finally increase after 4 months of open- 
heart surgery compared to the pre- operation period (p < .001). The 
increase in QTd on the day after surgery, which was associated with an 
increased risk of mortality, is significant, but seemingly, QTd returned 
to its previous level only 2 months after surgery (Alp et al., 2012).

This finding is inconsistent with the results of a study by Alp et al. 
in 2012, based on comparing ECGs of 279 children who underwent 
open- heart surgery. It was shown that QTd increased significantly 
after surgery (Alp et al., 2012).

2  |  METHODS

2.1  |  Patients population

This prospective cross- sectional study was conducted on 97 patients 
with PDA who were admitted to the Pediatric Cardiology Ward, be-
tween October 2018 and March 2021. The patients were further 

divided into two normal and high PAP groups based on measurement of 
pulmonary	pressure	in	cardiac	catheterization	(30	patients	were	iden-
tified as the high PAP group and 67 patients as the normal PAP group) 
according to the Sixth Pulmonary Hypertension World Symposium 
2018, PAH refers to the mean pulmonary artery pressure above 20 at 
rest. The inclusion criteria comprised infants and children diagnosed 
with PDA, with or without PAH, and any size PDA. Exclusion criteria 
included other structural cardiac anomalies and known risk factors 
affecting QT intervals such as drugs, electrolyte disturbances, heart 
blocks, bundle branch block, suspicion of metabolic or genetic disor-
ders, and patients with a history of previous cardiac surgery.

2.2  |  Electrocardiography and other assessments

The study participants underwent a complete patient history- taking 
and several clinical examinations, including heart rate monitoring, 
O2 saturation, and complete cardiac examination. The pre- test 12- 
lead surface ECGs of patients were used to measure PR and QTc 
intervals and QT dispersion. A single operator performed all the 
measurements manually. QT interval was measured from the be-
ginning of QRS complex to the end of T wave in a single beat in all 
12 leads. All QT intervals were corrected by RR interval, using Bazett 
formula (QTc =QT/√RR).	PR	interval	and	QT	interval	dispersions	were	
measured manually by handheld calipers and magnification. QTd is 
defined by difference between maximum and minimum QT intervals 
in various 12- lead ECG leads at rest. Chest X- ray was carried out be-
fore PDA closure for measuring cardio- thoracic ratio and pulmonary 
blood flow. Echocardiography was conducted using a vivid ultra-
sound machine to detect PDA size and pulmonary artery pressure.

2.3  |  Interventional angiography

Mean pulmonary artery pressure (MPA) was calculated based on 
cardiac catheterization. We divided our patients into two normal and 
high PAP groups (considering MPA>20 mmHg as high PAP). Patients’ 
PDA was closed by interventional angiography. Children with resid-
ual PDA after intervention were excluded in this study.

2.4  |  Patients follow- up

Our primary objective was to assess QTd, QTc, and PR inter-
val changes following PDA closure intervention. The secondary 

Variable Total (97) Normal PAP (67) High PAP (30) p- value

Age (month, mean,SE) 31.36	(3.48) 33.22	(4.24) 27.23	(6.13) .43

Weight (kg, mean,SE) 12.45 (0.76) 13.01	(0.94) 11.2 (1.25) .27

Sex	(male,	%) 48	(49.5%) 37	(55.2%) 11	(36.6%) .09

Size	of	PDA	(small,	%) 52	(53.6%) 51	(76.1%) 1	(3.4%)  < .0001

C/T	ratio	(normal,	%) 60	(61.9%) 58	(86.6%) 2	(6.7%)  < .0001

PBF	(normal,	%) 65	(67%) 63	(94%) 2	(6.7%)  < .0001

TA B L E  1 Demographic	data	and	
related p- values in different groups (Total, 
normal, and high PAP)
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objective was to investigate the influence of pulmonary arterial 
pressure on QTd changes following the procedure. For this we per-
formed	an	echocardiography	3	months	after	procedure	for	detecting	
residual PDA and a 12- lead ECG for measuring QTd, QTc, and PR 
interval.

2.5  |  Statistical analysis

After gathering mentioned information, these data were entered 
into Excel software. Statistical analyses were performed by SPSS 
software	version	23.	Independent	paired	t	test	was	used	to	evalu-
ate the significance of changes in QTc, QTd, PR interval. Pairwise 
correlation coefficient test was used to evaluate the effect of 
pulmonary artery pressure on QTc, QTd, and PR interval changes. 
Regression analysis was used to evaluate PDA size and mean pul-
monary artery pressure on QTc, QTd, and PR interval before PDA 
closure.

3  |  RESULTS

As shown in Table 1, we included 97 children (48 males and 49 fe-
males),	with	a	mean	age	of	31.36	± 4.26 months and mean weight 
of 12.44 ±	7.46	kg,	 into	two	groups	of	High	PAP	(30	patients)	and	
normal	PAP	(67	patients),	among	which	52	patients	(53%)	had	a	small	
size,	38	patients	(37%)	had	a	moderate	size,	and	7	patients	(10%)	had	
a	large	size	PDA.	Sixty	patients	(61.9%)	had	a	normal	cardio/thoracic	
ratio,	and	37	patients	(38.1%)	had	an	increased	C/T	ratio.	Sixty-	five	
patients	(67.0%)	had	normal	pulmonary	blood	flow,	while	32	patients	
(33.0%)	had	increased	PBF.	Mean	PAP	in	patients	with	moderate	to	
large PDA was 22.48±7.56 mm Hg which was in contrast with the 
mean PAP in small PDA group 18.44±5.72 mm Hg (p = .0001). In 
order to adjust the relationship between mean PAP and PDA size, 
meta- regression logistics analysis was used to assess the relation-
ship between PDA size and electrocardiographic variables. Analysis 
showed statistically significant correlation between PDA size and 
QTc (p =	 .034)	 and	 also	 PDA	 size	 and	 QTd	 (p = .049), compared 
to PDA size and PR interval which was not statistically significant 
(p=0.544). Due to the non- normal distribution of mean PAP data, 
inverse of square of mean PAP was used for regression analysis that 
showed there was no significant relationship between mean PAP 
and QTc, QTd, and PR interval before PDA closure (p = .40, p = .15, 
and p =	.30,	respectively).

As shown in Table 2, the mean PR interval before PDA clo-
sure was 144.95 ± 5.28 msec, and the mean PR interval after 
the intervention was 142.84 ± 4.67 msec. There was signifi-
cant change between before and after intervention PR interval 
(p < .0001).

As shown in Figure 1, Mean QTd before the procedure was 
34.72±5.89 msec, and mean QTd after the intervention was 
30.47±4.38	 msec,	 and	 there	 was	 significant	 decrease	 in	 QTd	
3	months	after	PDA	closure	in	the	general	group	(p<0.0001). TA
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As shown in Figure 2,	QTc	dropped	significantly	after	3	months	
of PDA device closure at an average of 7.96 msec (p<0.0001). 
Mean	 QTc	 before	 and	 after	 the	 intervention	 was	 407.03	 msec,	
399.07	msec,	respectively.

In the normal pulmonary arterial pressure group (MPA=<20) la-
beled Group A (67 patients), the reduction in all the three variables 
QTc, QTd, and PR interval was significant (p=0.0001, p<0.0001, and 
p=0.002, respectively).

However, in Group high pulmonary arterial pressure 
(MPA>20	mmHg),	QTc	and	QTd	after	3	months	of	PDA	device	clo-
sure significantly decreased (p < .0001, p < .0001, respectively), and 
PR interval significantly increased (p < .0001).

It is noteworthy that the coil type device was used in 59 patients, 
while	the	Amplatzer	PDA	Occluder	device	was	used	in	38	patients.	
Furthermore, none of the patients had any residual PDA in post- 
intervention echocardiography.

4  |  DISCUSSION

Ventricular repolarization characteristics measured by QT inter-
val play a significant role in arrhythmogenesis (Merx et al., 1977). 

Dispersion of repolarization, which reflects regional heterogene-
ity of the recovery process in the myocardium, is imperative to the 
genesis of ventricular arrhythmias (Higham et al., 1994). This spa-
tial heterogeneity is assessed by multiple indicators, including QT 
dispersion, T- wave peak- to- end interval, beat- to- beat variability 
of T wave morphology, etc. According to previous studies, the pre-
dictive value of QT dispersion, defined as the difference between 
longest and shortest QT interval among all 12 leads of a standard 
surface ECG, has been under question (Malik & Batchvarov, 2000), 
but a recent meta- analysis of available studies has confirmed that 
greater QT dispersion is significantly associated with ventricular 
arrhythmias (Bazoukis et al., 2020). Besides, we know that angi-
ography is one of the modalities in PDA closure in pediatrics. Few 
studies have scrutinized the value of QTd and QTc in pediatrics, 
particularly regarding the PDA closure. This study aimed to fill in 
the gap and examine the QTc, QTd, and PR interval changes fol-
lowing the angiographic intervention of PDA device closure.

QT and QTd have a circadian rhythm (Kula et al., 2004); therefore, 
QTd measurements should be made at the same of day, and we as-
sessed QTc and QTd in the morning time between 10 to 12 o'clock. 
Current	study	population	had	a	mean	QTc	of	407.03	± 17.61, which 
is	in	normal	range	(from	350–	360	to	450–	460	ms)	(Postema	&	Wilde,	

F I G U R E  1 Descriptive	values	of	QT	dispersion	in	different	groups.	Time	is	shown	in	milliseconds	(msec)	on	the	vertical	axis	(y). QT 
dispersions (QTd) in different groups of our study are shown on the horizontal axis (x). These groups are in order from left to right: QTd in the 
general group before the intervention (PDA device closure) in light blue, QTd in the general group after the intervention in orange. QTd in 
normal PAP group before the intervention in gray and QTd in normal PAP group after intervention in yellow. QTd in high PAP group before the 
intervention in dark blue and finally QTd in high PAP group after the intervention in green. The two bars on the left in blue and orange show the 
QTd changes in all patients (general group). The mean, median, and maximum QTd levels decreased after the intervention, while in the statistical 
analysis, the decrease in QTd in the general group was significant (p < .0001). QTd changes in group A (normal PAP) are shown in two middle 
bars in gray and yellow. In this group, the mean, median, and maximum QTd levels decreased after the intervention, which were significant in 
statistical analysis (p = < 0.0001). The bars on the right show the QTd changes in group B (high PAP) in blue and green. All parameters, including 
median, mean, the minimum, and maximum QTd decreased after the intervention, which was a significant change (p < .0001)
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2014)	 and	 their	mean	QT	dispersion	was	34.72	± 5.89 ms. Normal 
subjects	had	a	mean	QTd	value	of	33	ms	(range	10–	71	ms)	(Malik	&	
Batchvarov, 2000); QTd values >80 ms were shown to increase the 
risk of cardiovascular mortality by four- fold when compared with sub-
jects with QTd values <	30	ms	(Elming	et	al.,	1998); Patients with long 
QT syndrome who showed values in excess of QTd >100 ms were at 
high risk (Priori et al., 1994). In our study show that QTd is almost in 
normal range. We do not have any patient with QTd above 50 ms.

Considering the effect of PAH on the prolongation of QTc, QTd, 
and PR interval in previous studies, we also examined its role on the 
three variables before and after the intervention. According to the 
Sixth Pulmonary Hypertension World Symposium 2018, PAH re-
fers to the mean pulmonary artery pressure above 20 at rest. Some 
studies showed that QTd and QTc increase after open- heart surgery 
compared to the pre- operation period (Alp et al., 2012). Nonetheless, 
our statistical studies showed that QTc significantly decreases after 
3	months	of	PDA	device	closure.	It	seems	that	in	the	general	group,	
left- to- right shunt correction decreases the depolarization time of 
the ventricles (QT interval).

PR interval prolongation has been associated with adverse out-
comes, such as increasing risk of atrial fibrillation (Cheng et al., 2009). 

In patients with pulmonary hypertension, there is also some evidence 
of sinus and atrioventricular node dysfunction (Temple, 2017) and 
first- degree AV block (Cirulis et al., 2019). In our study, as shown in 
Table 2, PDA closure had the effect on PR interval, but in the chil-
dren with PDA and pulmonary hypertension, PR interval signifi-
cantly reduced in comparison with patient with PDA and normal PAP 
(p- value=.0001).

PDA can affect the hemodynamics, and hemodynamics may af-
fect ventricular repolarization. But the effect seems to be quite small, 
In PDA patients, there should be RV pressure overload and PA/PV/
LA/LV volume overload. Therefore, ventricular repolarization abnor-
mality should be mixture of both. And if there is some increase in PA 
resistance, the hemodynamic situation will be quite different.

Furthermore, difference between QTc, QTd, and PR inter-
val changes in normal and high PAP group was significant (p- 
value = .0002, p- value < .0001, p- value = .0001, respectively) 
3	months	 after	 the	procedure.	 In	other	words,	 pulmonary	 arte-
rial hypertension has more powerful effect on heterogeneity of 
ventricular depolarization, ventricular depolarization duration, 
and atrial- ventricular depolarization interval than overflow shunt 
caused by PDA. According to previous studies, we realized that 

F I G U R E  2 Descriptive	values	of	QT	corrected	in	different	groups.	Time	is	shown	in	milliseconds	(msec)	on	the	vertical	axis	(y). QT 
corrected (QTc) in different groups of our study are shown on the horizontal axis (x). These groups are in order from left to right: QTc in the 
general group before the intervention (PDA device closure) in light blue, QTc in the general group after the intervention in orange. QTc in 
normal PAP group before the intervention in gray and QTc in normal PAP group after intervention in yellow. QTc in high PAP group before 
the intervention in dark blue and finally QTc in high PAP group after the intervention in green. The two bars on the left in blue and orange 
show the QTc changes in all study patients. The mean, median, and maximum QTc decreased after the intervention and these changes were 
significant in the general group (p < .0001). QTc changes in group A (normal PAP) are shown in two middle bars in gray and yellow. In this 
group, the mean and maximum QTc levels decreased after the intervention, but these changes were not significant in statistical analysis 
(p = .0001). The bars on the right show the QTc changes in group B (high PAP) in blue and green. The mean, median, the minimum and 
maximum QTc decreased after the intervention, which was a significant change (p < .0001)
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the reduced QTd after PDA device closure might reduce cardiac 
complications, such as arrhythmia and sudden death after the in-
tervention especially in children with pulmonary hypertension.

5  |  CONCLUSION

QTc	and	QTd	significantly	decrease	3	months	after	PDA	device	clo-
sure. In two groups normal and high PAP, after PDA device closure 
significantly reduces QTc and QTd. So, in patients with high pul-
monary arterial pressure, QTc and QTd decrease significantly after 
3	 months	 of	 intervention.	 Pulmonary	 arterial	 pressure	 seems	 to	
significantly affect QTd elevation especially with left- to- right shunt 
caused by PDA. However, a left- to- right shunt through the patent 
ductus arteriosus can affect ventricular repolarization; this effect 
seems to be particularly more significant when there is pulmonary 
hypertension.

5.1  |  Limitation

There is a great heterogeneity in the measurement methods of ECG 
markers and still there is no consensus on the best approach for 
assessing ECG markers. There is some source of heterogeneity in 
measuring ECG intervals that contain the T wave such as: Presence 
of the U wave in right precordial leads, extracorporeal noises, body 
movements, and inter- operator variabilities.
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