
Khaleel.I ALSUWAYFEE                                                                            Congenital heart diseases and pulmonary.. 

50                                                                                                                  Ann Coll Med Mosul June 2020 Vol. 42 No.1 

Congenital heart diseases and pulmonary hypertension 

among Down syndrome pediatric patients 
 

Khaleel.I ALSUWAYFEE*, Mohammed Essmat. AlLBU-DAWLAH**, Qusay Norry. MOHAMMED**
 

*Department of pediatrics. College of medicine. Ninevah University, ** Department of pediatrics. 
Alkhansaa teaching hospital. Mosul .Iraq 

Correspondence: Khalilalhadidy@yahoo.com 

 
(Ann Coll Med Mosul 2020; 42 (1):50-56). 

Received: 18
th

 April 2020;  Accepted: 13
th

 May 2020.  

 

ABSTRACT  

Background: Down syndrome (DS) is the commonest chromosomal abnormality with high incidence of 
congenital heart diseases (CHDs). The most prevalent two CHD among DS children.in most studies are 
complete atrioventricular canal (CAVC) (also called atrioventricular septal) defect and atrial septal defects 
(ASD). There is high incidence of pulmonary arterial hypertension (PAH) among DS children with CHD 
compared to non Down syndrome (NDS) children. 
Aims: To measure the prevalence of CHD in general and the relative frequency of different types of CHD 
among DS children as well as the frequency, risk factors and characteristics of PAH in the studied sample.  
Methods: It is an echocardiography (echo) based case control study conducted over a 7 months period from 
the 15th of May to the 14th of December 2019. Information and obtained data were recorded using a special 
form. Statistical analysis carried out using Microsoft excel 2013 and the statistical package for the social 
sciences (SPSS) 18 computer programs. 
Results: The study involved 76 DS children (mean age in months 19.9±3.7 standard error of mean “SEM” ) 
and male /female gender ratio of 0.85/1 and 76 NDS children as control group with mean age 9.5± 2.03 SEM 
and gender ratio of 0.81/1. Congenital heart diseases were significantly higher among DS group 59% 
(P=0.003). The commonest CHD among DS children were CAVC and ASD .The PAH was significantly 
higher among DS children with high prevalence (30 %) (P=0.002) and odds ratio of 2.48 (95% CI 0.9-6.83). 
Complete atrioventricular canal defect, Patent ductus arteriosus (PDA) and age of > 6 months were the main 
risk factors for the development of PAH among DS children. 
Conclusion: There is high prevalence of CHDs and their associated PAH among DS children especially in 
association with CAVC, PDA and age older than 6 months. 
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 انخنساء انتعهَمٌ .موصم. انعراق

 انخلاصة
 اٍشاض امثش أُ.اىخيقُت اىقيب اٍشاض ٍِ عاىُت ّغبت ٍع اىنشٍىعىٍاث طشاباثضا اّىاع امثش هٍ داوُ ٍخلاصٍت اُ انخهفَات:

ي ٍشضً ٍخلاصٍت داوُ هٍ اىقْاة الارَُْت اىبطُُْت اىناٍيت واىفخحاث الارَُْت. هْاك ّغبت عاىُت لاسحفاع ىذ شُىعا اىخيقُت اىقيب

 اض قيبُت خيقُت ٍقاسّت بالاطفاه اىزَِ ىُظ ىذَهٌ ٍخلاصٍت داوُ.ضغظ اىششَاُ اىشئىٌ ىذي ٍشضً ٍخلاصٍت داوُ اىزَِ ىذَهٌ اٍش

قُاط ٍذي اّخشاس الاٍشاض اىقيبُت اىخيقُت بصىسة عاٍت واىخنشاس اىْغبٍ ىَخخيف اّىاع الاٍشاض اىقيبُت اىخيقُت ىذي  الاهذاف:

 وخصائص اسحفاع ضغظ اىششَاُ اىشئىٌ ىذي عُْت اىذساعت. اطفاه ٍخلاصٍت داوُ ومزىل حنشاس وعىاٍو حاخطىسة

.حٌ اىقُذ ىيَعيىٍاث  2019اَاس عاً  11اشهش ٍْز  7هزٓ دساعت ٍقاسّت ٍبُْت عيً فحص اَنى اىقيب اجشَج  خلاه فخشة  انطرق:

 Microsoft excel باعخخذاً بشاٍج ٍاَنشوعىفج امغو )  واىبُاّاث باعخخذاً اعخَاسة خاصت. حٌ اجشاء اىخحيُو اىبُاٍّ اىبُاٍّ

  18 (SPSS).الاحصائُت ىيعيىً الاجخَاعُت  ومزىل بشّاٍج اىحضٍت  (2013
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اشهش مخطأ ٍعُاسٌ ىيىعُظ وّغبت رمىس 3.7±19.9  طفلا را ٍخلاصٍت داوُ وبَخىعظ عَش هى  76ىقذ شَيج اىذساعت  اننتائج:

 ىيىعُظ ٍعُاسٌ مخطأ اشهش 2.03±9.5 هى عَش وبَخىعظ داوُ ٍخلاصٍت ٍِ غُش طفلا 76 وشَيج اَضا 0.81/1اىً اّاد = 

% 19. اُ ّغبت  اٍشاض اىقيب اىخيقُت ماّج اعيً بْغبت ٍهَت ىذي اطفاه ٍخلاصٍت داوُ وبْغبت 0.81/1=  اّاد اىً رمىس وّغبت

 واىفخحاث اىناٍيت اىبطُُْت الارَُْت اىقْاةاُ امثش الاٍشاض اىقيبُت اىخيقُت شُىعا ىذي اطفاه ٍخلاصٍت داوُ ماّج  (.P=0.003)و 

%( 30). اُ اسحفاع اىضغظ اىششَاٍّ اىشئىي ماُ امثش شُىعا وبْغبت ٍهَت ىذي اطفاه ٍخلاصٍت داوُ وبْغبت عاىُت هٍ الارَُْت

(P=0.002) اىقْاة اىششَاُّت و اىناٍيت اىبطُُْت الارَُْت اىقْاة (.6.83-0.9 فخشة ثقت %91) 8..2ّج مَا اُ ّغبت الاسجحُت ما

اشهش هٍ عىاٍو اىخطىسة اىشئُغُت اىخٍ عاهَج فٍ اسحفاع ضغظ اىششَاُ اىشئىٌ ىذي اطفاه  6اىغاىنت واىعَش الامبش ٍِ 

 ٍخلاصٍت داوُ.

اسحفاع اىضغظ اىششَاٍّ اىشئىٌ اىَشحبظ بها ىذي اطفاه ٍخلاصٍت داوُ هْاك ّغبت ٍشحفعت لاٍشاض اىقيب اىخيقُت و الاستنتاج:

 . اشهش 6 ٍِ الامبش واىعَش اىغاىنت اىششَاُّت واىقْاة اىناٍيت اىبطُُْت الارَُْت اىقْاةوبالاخص بالاسحباط ٍع حالاث 

 

 اىشئىٌ.اٍشاض اىقيب اىخيقُت، اسحفاع ضغظ اىششَاُ  ٍخلاصٍت داوُ،  انكهمات انمفتاحَة :

 

INTRODUCTION 

own syndrome has an incidence of 1/700 live 
births, 95 % of cases are due to complete 

trisomy 21 and 5% of cases are attributed to either 
chromosomal translocation or mosaicism. This 
incidence is affected by maternal age and 
increases to 1/30 live births among mothers who 
are more than 45 years old. 

1, 2
 

Congenital cardiac defects are found among 40-
60 % of DS children and cause an important 
morbidity and mortality. 

3-5
 Atrial septal defects and 

atrioventricular septal defects are the most 
frequent types of congenital heart diseases 
observed among DS children.

6-8
  

In case of left to right shunt, the increased 
pulmonary blood flow leads to elevation in the 
pulmonary artery pressure, i.e pulmonary arterial 
hypertension, which is associated with rise in the 
resistance of pulmonary vasculature. Doppler 
echocardiography is the primary tool for the 
evaluation of pulmonary artery pressures. 
Pulmonary hypertension is classified according to 
the mean PA pressure (MPAP) into mild (MPAP 
25-40 mmHg), moderate (MPAP 41-55 mmHg) and 
severe if the MPAP is > 55 mmHg. When the right 
ventricular pressure reaches or exceeds the left 
ventricular pressure, Eisemenger’s syndrome 
develops and the shunt will be reversed. The 
incidence of PAH complicating CHD is about 6%, 
but it is much higher among DS patients (up to 
53%), moreover DS patients constitute (30-45 %) 
of all cases of PAH secondary to CHD. All over the 
world the incidence of PAH complicating CHD is 
declining due to the improved management and 
early diagnosis of CHD, however DS children 
remain representing a high risk group for the 
development of severe PAH early in the course of 
their CHD.

 
It seems that there is no relation 

between cytogenic type of DS, patient gender or 
mental retardation with the type of CHD or the 
development of PAH among DS children.

 9-13
   

 

AIMS OF THE STUDY  

To measure the prevalence of CHD among 
pediatric patients with DS in comparison to general 
population & to identify the distribution and relative 
frequency of different types of CHD among them. 

To determine the frequency and characteristics 
of pulmonary arterial hypertension secondary to 
CHD as well as its risk factors among DS children. 

 

PATIENTS AND METHODS  
This is an a cross sectional (case control) study 

conducted at the pediatric cardiology and 
echocardiography unit in the researchers hospital 
over a 7 months period from the 15th of May 2019.  

A total of 152 children under the age of 15 years 
were enrolled and evaluated non-invasively by 
clinical examination, chest radiography, 
electrocardiography (ECG), and transthoracic 
echocardiography to determine the type of their 
CHD and their mean pulmonary artery pressure. 
Parents’ consent were taken for all participants to 
be enrolled in the study. During the study period a 
total of 76 children with DS, who consulted the 
pediatric echo unit for a variety of indications, were 
evaluated and involved in the study. Every next 
NDS child came for echo evaluation was taken as 
a control for the indexed case. Information were 
collected and recorded using a special 
questionnaire form. Participants were evaluated 
echocardiographically by a qualified pediatric 
cardiologist, using Phillips echocardiography 
machine with proper pediatric probes, regarding 
the presence of CHD and its type as well as 
measurement of the pulmonary artery pressure. 
CHDs are classified as ventricular septal defect 
(VSD) with its different types, ASD in its different 
types, PDA (alone or as a part of association of 
CHDs), CAVC, Tetralogy of Fallot (TOF), 
Transposition of great arteries (TGA) or others for 
the remaining CHDs because of their 

D 
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uncommonness. Pulmonary hypertension was 
documented as mild when the mean PA pressure 
was 25-40 mmHg, moderate if it was 41-55 mmHg, 
and severe if it was > 55 mmHg. Babies with 
possibly transient problems, like PDA in the first 48 
hours were reevaluated 1 week later to confirm its 
persistence before assigning it as an index case.  
Obtained data were analyzed using Microsoft excel 
2013 and SPSS 18 software packages. P value 
was calculated by Chi square test and Fisher exact 
tests for small numbers. P value was considered 
significant if it was < 0.05 and highly significant if it 
was < 0.001. 

 

RESULTS  
During our study period a total of 548 children 

were evaluated in our pediatric cardiology unit, 76 
(13.8 %) were DS children. Mean age of DS 
children was (19.9 ± 3.7 SEM) months with male to 
female ratio of 0.85/1, NDS children ( control 
group)  were also 76 in number , their mean  age 
was (9.5±2.03 SEM ) months and  male to female 
ratio was 0.81/1(P =0.01). Children in both groups 
were from different territories of Nineveh 
governorate and categorized as urban or rural 
residents (table 1).    

As shown in table 2, in general, CHDs were 
significantly higher (P= 0.003) among DS children 
group with a frequency of 59% compared to NDS 
children (35 %). The frequency of different types of 
CHD was different between both groups, CAVC 
then ASD and VSD were the most frequent among 
the DS group in descending frequency, while VSD, 
PDA and ASD were more frequent among NDS 
group, however only CAVC was significantly more 
prevalent among DS group.  

Within the DS group, factors like maternal or 
paternal age being ≤35 or > 35 years, patient 
gender and prematurity (delivery before 37 
gestational weeks) didn’t show significant risk for 
the development of CHD (table 3).  

The frequency of PAH among children with CHD 
in both groups (DS versus NDS, 30 % versus 
10.5%) was significantly higher among DS group 
(P=0.002) with Odds ratio of 2.48 and 95% 
confidence interval (0.9-6.83). When PAH 
classified as mild, moderate or severe, there was 
no significant difference in the mild or severe 
group, but it was significantly higher in the 
moderate PAH group (P=0.03) among DS children 
as seen in table 4. 

As seen in figure 1, there was a significant risk 
for the development of PAH among the DS group 
in association with CAVC and PDA (P=0.01 and 
0.02 respectively).  

Among the DS group with CHD and PHT, 
different factors were studied like age, gender, 
residence, and parental consanguinity to evaluate 

their relation to the development of PAH , only an 
age of more than 6 months was significantly 
contributing to PAH  while the other factors didn’t 
show significant association (table 5). 

 
DISCUSSION 

Congenital heart diseases, which have the 
highest frequency among all other congenital 
anomalies, are highly prevalent among DS children 
and affects 16-62 % of them in different studies.  
“The American Academy of Pediatrics and the 
Down Syndrome Medical Interest Group 
recommends routine neonatal echocardiography, 
including  patients who do not have a heart 
murmur” 

14-17
. 

The mean age in DS group was significantly 
higher than in the control group because large of 
DS children have CHD and need follow up with 
serial evaluation during their childhood making 
older patients representing a significant number 
among the studied sample while the control group 
were younger because of the higher frequency of 
presentation with murmurs and symptoms like 
cyanosis and dyspnea in younger children and 
neonates. In spite of this difference we don’t think 
that it affected the prevalence of CHD in our study 
because we are dealing with a congenital rather 
than acquired problem.    

Although CHD is a leading cause of mortality 
among DS children, this association is not 
extensively studied in Iraq. We could find 3 prior 
studies described this association with widely 
different prevalence of CHD among DS children 
from 20% to 89%. 

5,7,11,18
 In our study the 

prevalence in the studied sample (59 %) was in the 
mid-range of these previous studies and closer to 
the world wide prevalence and we think that it is 
more representative of the weight of the problem. 
According to our findings and that of other authors 
1-7 

there is controversy and variability about gender 
predilection among DS children in association with 
the presence of CHD, however our study didn’t 
show significant difference in the gender ratio 
between DS and control group. Other factors like 
maternal and/or paternal age being 35 years, type 
of rsidency or prematurity were not found as 
significant risk factors to develop CHD in DS group 
indicating that the genetic problem of DS children 
is main player in this association. 

It is interesting to find a difference in the authors 
finding about the commonest CHD among DS 
children. Our finding of CAVC being the most 
common CHD among DS group and being 
significantly higher than what is found in the NDS 
group is supported by other studies 

4,8,11,17,18
, while 

other studies 
1,2,6,7,14

 reported ASD as the most 
common CHD. We think that more studies 
involving a larger sample of DS children will assist 
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in giving decision about this issue. However, it 
seems that CAVC and ASD are the commonest 
two cardiac malformation among DS children. 

Pulmonary arterial hypertension is the most 
serious consequence of left to right shunt in 
congenital cardiac malformations with the possible 
development of Eisenmenger syndrome as an end 
result. According to our study DS children have a 
much higher and significant risk for the 
development of PAH secondary to their CHD in 
comparison to NDS group (30 % versus 10.5 %) 
and for unexplainable reason most cases of DS 
children PAH were attributed to the moderate 
category. 

Like our study, Mourato et al and D’Alto et al
1,9

 , 
demonstrated that CAVC was the leading cause of 
PAH among DS children. This association of 
CAVC and PAH is justified by the greater shunting 
of blood at both atrial and ventricular levels 
compared to other CHD. Among DS children with 
CHD (N=45), being older than 6 months in age 
carries a significant risk for the development of 
PAH and time factor regarding the length of time to 
expose the pulmonary circulation to high blood 
flow is a possible explanation. Other factors like 
patient gender, residence, or parental 
consanguinity seems not to have influence. 

The main weak point in this study is the lack of 
invasive evaluation of the pulmonary artery 
pressure by cardiac catheterization because of its 
unavailability in our center, but considering the 
accuracy of transthoracic echocardiography in 
assessing the it, this problem did not affect our 
study results significantly. Another point is the 
higher mean age of DS group compared to the 
control one which probably contributed in part to 
the higher prevalence of PAH among the DS 
group.     

 

CONCLUSION  

There is high prevalence of CHD among DS 
children, in particular CAVC and ASD. The 
development of PAH   among DS children is early 
and frequent and needs special attention in the 
cases of CAVC and PDA in DS children from early 
infancy. Extensive screening and 
echocardiographic evaluation for PAH of all DS 
children is necessary according to the study 
findings   

 

 

 

 

Table 1 .Demographic features of DS and NDS 

children involved in the study. 

Demographic 

features 

DS children 

(n=76) 

NDS 

children 

(n=76) 

Mean age (months) 19.9  9.5 

Male /female  0.85/1 0.81/1 

Urban /Rural 

residency (%) 

34  31.5 

   

There were 76 cases of DS, 45 of cases (59%) 

have CHD, while in the control group there were 

only 27(30%) cases of the control group (76). Only 

CAVC was significantly higher among DS children 

compared to the control group.  

Table 2. Frequency of different types of congenital 

heart disease among Down syndrome and control 

groups. 

Type of 

CHD 

DS(N=76) NDS(N=76) P 

value 

CAVC 11 1 S 

ASD 9 6 NS 

VSD  8 10 NS 

PDA 7 8 NS 

TOF 3 1 NS 

TGA 2 0 NS 

Others 5 1 NS 

Total 45 27 HS 

 

CAVC =complete atrioventricular canal, ASD= 

atrial septal defect, VSD= ventricular septal defect, 

PDA= patent ductus arteriosus, TOF=Tetralogy of 

Fallot, TGA= transposition of great arteries, 

others=other uncommon congenital heart 

diseases, S=significant, NS =not significant, 

HS=highly significant.  
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Table 3. Risk factors for CHD development in DS 

group. None of the studied factors showed a 

significant risk for the development of CHD among 

the DS group. 

 Factor DS with 

CHD 

(N=45) 

DS 

witho

ut 

CHD 

(N=3

1)  

P 

value  

Maternal age   ≤ 35 years              

                        > 35 years 

18 11 NS 

27 20 NS 

Paternal age   ≤ 35 years                 

                       > 35 years 

16 13 NS 

29 18 NS 

Patient gender     Male  

                          Female  

21 14 NS 

24 17 NS 

Premature                  +ve 

delivery (<37 weeks)  -ve 

9 3 NS 

36 28 NS 

Table 4. Frequency of pulmonary arterial 

hypertension among Down syndrome and non 

Down syndrome children. Pulmonary arterial 

hypertension was a significantly higher among 

Down syndrome group especially in the moderate 

severity. DS= Down syndrome, NDS= Non Down 

syndrome, PAH= Pulmonary arterial hypertension, 

S=significant, NS =not significant, HS=highly 

significant. 

PAH DS 

(N=76) 

NDS( 

N=76) 

P value 

MILD 7 6 NS 

MODERATE 13 1 S 

SEVRE 3 1 NS 

Total  23  8  HS 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Congenital heart diseases as a cause of pulmonary arterial hypertension. Complete atrioventricular 

canal patent ductus arteriosus were the main causes of pulmonary arterial hypertension among Down 

syndrome group. PAH= Pulmonary arterial hypertension CAVC =complete atrioventricular canal, ASD= atrial 

septal defect, VSD= ventricular septal defect, PDA= patent ductus arteriosus 
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Table 5. Risk factors for pulmonary arterial hypertension among Down syndrome children. Being older than 6 

months is a highly significant risk factor for the development of pulmonary arterial hypertension. PAH= 

pulmonary arterial hypertension S=significant, NS =not significant, HS=highly significant. 

Factor  
PAH (n=23) 

Non-PAH 

(n=22) 
P value 

Age 
≤ 6months 

> 6months 

4 15 NS 

19 7 HS 

Gender 
Male 

Female 

9 10 NS 

14 12 NS 

Residence 
Urban 

Rural 

13 16 NS 

10 6 NS 

Consanguinity of 

parents 

+ve 

-ve 

2 3 NS 

21 19 NS 
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