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The authors present their research of factors, possibly influencing the duration of persistent patent ductus arteriosus (PDA) in the neonates 
with congenital heart defects (CHDs) in the Republic Sakha (Yakutia). Such factors as multiple pregnancy, operative delivery, gestational arterial 
hypertension, preeclampsia, fetoplacental insufficiency, anemia in pregnancy, threatened miscarriage, congenital heart defects in future mother, 
and ethnicity of a mother or a father are examined.

A retrospective clinical research work was based on the data of the Perinatal Centre of the Republican hospital No1, National Centre of med-
icine. A research work is based on clinical results of medical tests, taken from 162 medical records of the patients with a diagnosed “Congenital 
heart disease” (CHD).

According to the results of statistical analysis there were revealed most significant risk factors for long-term persistent arterial ducts among 
the neonate population of the Republic Sakha (Yakutia). They may be associated with: complicated course of pregnancy, i.e. gestational arterial 
hypertension with or without proteinuria, pregnancy edema associated with presence or absence of proteinuria, fetoplacental insufficiency, anemia 
of the current pregnancy and presence of CHD in the mother’s past history. 
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Introduction. The prevalence of the 
patent ductus arteriosus (PDA) in the 
newborns remains unknown as there are 
no distinct criteria from what period of 
gestation PDA is considered pathologic. 
Nominally it is supposed to close with-
in the first two weeks after birth. Under 
such criteria the prevalence of the isolat-
ed pathology is 0.14-0.3 per 1,000 live-
born children, 7% among all the CHDs 
and 3% among all the critical defects [7]. 
Persistence of the arterial duct consid-
erably depends on the term of gestation 
besides that the data that some factors of 
the mother, such as intrauterine hypoxia, 
non-steroid anti-inflammatory medication 

intake etc., are known. A number of sev-
eral factors which can be associated with 
high risk of long-term persistence of PDA 
in neonates are not well studied in the ter-
ritory of the Republic of Sakha (Yakutia).

Objectives: The factors that are pos-
sibly associated with the long-term per-
sistence of PDA in neonates with CHDs 
are studied.

Methods and materials: A retrospec-
tive clinical research work was based on 
the data of the Perinatal Centre of the 
Republican hospital No1, National Cen-
tre of medicine. A research work is based 
on clinical results of medical tests, taken 
from 162 medical records of the patients 
with a diagnosed “Congenital heart dis-
ease” (CHD). The time distance of the 
medical records is registered two times, 
thus from 2001 to 2003 and from 2013 
to 2015. The CHD is recorded according 
to Q20-Q28 (ICD-10, chapter XVII:  Con-
genital malformations, deformations and 
chromosomal abnormalities). The deliv-
ery case reports (#010u) and patient’s 
discharge statistic card (#066/u-02) were 
the initial documentations for analysis.

All the neonates had experienced ul-
trasound examination (Doppler echocar-
diography) of the heart to evaluate the 
anatomical structure and cardiovascular 
function.  The selection is based on the 
cases with bypass through interatrial 
septum according to the results of ultra-
sound investigation. The functioning ac-
tivity of the arterial duct was evaluated by 
colour Doppler test to define additional 
flow in the vessel projection, i.e. pulmo-
nary trunk. According to the results of the 
ultrasound investigation, all the selection 

of CHDs was divided into groups: the 1st  
group consists of the patients with non-re-
vealed shunting according to the Doppler 
monitoring of the vessel with pulmonary 
artery projection, non-functioning arteri-
al flow; the 2nd group consists of the pa-
tients with revealed systolic and diastolic 
disorders or systolic shunting, according 
to the Doppler monitoring of the vessel 
with pulmonary artery projection, func-
tioning arterial flow; the 3rd group con-
sists of all cases of CHD. The research 
was performed from 2001 to 2003 on the 
base of ATL-HDI-3000 Philips, from 2013 
to 2015 on the base of EPIQ-7 Philips. 

The age of the neonates included in 
the selective group was from 17 to 40 for 
mothers and from 17 to 48 for fathers. 
The period of gestation at the moment of 
birth of a child with CHD was from 25 to 
41 weeks. The body weight at moment 
of the birth was from 564 gr to 4,500 gr. 
The height at the moment of the birth was 
from 30 cm to 58cm.

The family history of the both parents 
was retrospectively evaluated. Thus, the 
following factors were included: 1) the fac-
tors complicating pregnancy (gestational 
hypertension with or without proteinuria, 
edema with or without proteinuria for the 
current pregnancy, preeclampsia, feto-
placental insufficiency, anemia during the 
current pregnancy, multiple pregnancy, 
threatened miscarriage, operative deliv-
ery of the current pregnancy); 2) CHD in 
the mother’s past history; 3) ethnicity of 
the parents (was registered by self-deter-
mination of the survey).

On data processing χ2 criteria were 
used (comparing binary / nominal vari-
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ables) and the Mann-Whitney U test 
(comparing continuous variables). When 
p<0.05 the intergroup accuracy was con-
sidered significant. The initial data were 
accumulated in the database by means of 
Microsoft® Excel software, all the statistic 
operations were conducted by means of 
SPSS® Statistics software (IBM® USA).

Results and discussion. The statis-
tical analysis of the repeated ultrasound 
investigations of one and the same child 
with CHD confirming the presence or ab-
sence of PDA was carried out. 162 cases 
were selected. A possible association of 
multiple pregnancy with the risk of long-
term persistence of the ductus arteriosus 
during the medical reexaminations was 
analyzed (Table 1).

The following factors aggravating 
pregnancy were investigated, i.e. gesta-
tional arterial hypertension and edema 
with or without proteinuria, preeclampsia, 
fetoplacental insufficiency, anemia of the 
current pregnancy and threatened mis-
carriage, as well as operative delivery.

According to the research statistically 
unconfirmed results were obtained, i.e. 
the results were higher for multiple preg-
nancies among hemodinamically insignif-
icant patent ductus arteriosus (HIS-PDA) 
(n=86) – 5.8% than in groups with the 
hemodinamically significant patent duc-
tus arteriosus (HS-PDA) (n=76) – 1.3%. 
Multiple pregnancy as a predictor of long-
term persistence of the patent ductus ar-
teriosus among all the selections became 
statistically unsatisfactory. 

The association of the gestational ar-
terial hypertension with or without pro-
teinuria of the current pregnancy with a 
risk of persistence of PDA (p=0.948) was 
revealed, but the results are not statisti-
cally verified. In 34% of all cases of re-ex-
amination of the arterial duct (n=162) the 
following factors were registered.  The 
prevalence of the gestational arterial 
hypertension with or without proteinuria, 
and edema of the pregnancy with or 
without proteinuria in the structure of the 
arterial duct was equal in both groups: 
HIS-PDA– 33.7% (n=86) and HS-PDA – 
34.2% (n=76).

According to the results, preeclampsia 
of the current pregnancy was registered 
in 72.8% of all cases of CHDs and was 
more significantly associated with the risk 
of long-term persistence of the ductus 
arteriosus. A part of preeclampsia in the 
groups of HIS-PDA (n=86) was higher – 
73.1%, (in a case of the patent ductus ar-
teriosus (n=76) – 65.8%). These results 
were statistically unverified (p=0.058). 

The results show an equal association 
of fetoplacental insufficiency with the risk of 
persistence arterial duct and closure of the 

arterial duct (p=0.157), the revealed data 
are not statistically confirmed. The feto-
placental insufficiency of the current preg-
nancy was registered in 36.4% of all cases 
born with CHDs (n=162). A higher asso-
ciation of the fetoplacental insufficiency 
with a risk of persistence of PDA (p=0.157) 
in comparison with closure of PDA are 
noticed, but not confirmed statistically. 

Anemia in pregnancy was most com-
mon for the group of HIS-PDA (n=86), in 
the group of the patent ductus arteriosus 
(n=76), it composed 56.6% and 50.0% 
respectively. The revealed data were not 
statistically confirmed (p=0.402), but they 
showed possible association of anemia 
with a risk of persistence of PDA, never-
theless a part of anemic turned consid-

erably higher in both groups and were of 
the same degree (Table 1). 

Threatened miscarriage of the current 
pregnancy in the past history of the neo-
nates as a possible predictor of a long-
term persistence of the arterial duct was 
also studied. According to the common 
data, threatened miscarriage was re-
vealed in 38.3% of all the selected groups 
of the arterial duct. The results of this re-
search show that threatened miscarriage 
most commonly occurred in groups of 
HIS-PDA (n=86)-45.3% than in groups of 
PDA (n=76) – 30.3%. The results are not 
statistically verified (p=0.049) and show 
the association of the threatened miscar-
riage with a risk of persistence of PDA as 
well as closure of PDA.

The proportion of factors aggravating the course of pregnancy in groups of newborns 
with HIS-PDA and PDA

Group No factor multiple pregnancy p
1 n=86 94.2 5.8 0.130
2 n=76 98.7 1.3 0.130

Total n=162 96.3 3.7 0.130

No factor Gestational arterial hypertension 
with or without proteinuria

1 n=86 66.3 33.7 0.948
2 n=76 65.8 34.2 0.948

Total n=162 66.0 34.0 0.948
No factor Preeclampsia

1 n=86 20.9 73.1 0.058
2 n=76 34.2 65.8 0.058

Total n=162 27.2 72.8 0.058

No factor Fetoplacental insufficiency

1 n=86 68.6 31.4 0.157
2 n=76 57.9 42.1 0.157

Total n=162 63.6 36.4 0.157
No factor Anemia

1 n=86 50.0 50.0 0.402
2 n=76 43.4 56.6 0.402

Total n=162 46.9 53.1 0.402
No factor Threatened miscarriage

1 n=86 54.7 45.3 0.049
2 n=76 63.7 30.3 0.049

Total n=162 61.7 38.3 0.049
No factor Mothers with CHD

1 n=86 93.0 7.0 0.075
2 n=76 84.2 15.8 0.075

Total n=162 88.9 11.1 0.075
No factor Operative delivery

1 n=86 53.5 46.5 0.821
2 n=76 55.3 44.7 0.821

Total n=162 54.3 45.7 0.821

Note. In the Tables 1-2 1st group - there were no signs of the functioning of the ductus 
arteriosus during re-examination (HIS-PDA); 2nd group - signs of the functioning of the 
arterial duct (PDA) were revealed.

Table 1
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Also the cases of CHD in the mother’s 
past history of a CHD neonate as a pos-
sible predictor of long-term persistence 
of PDA are also studied. The research 
data show that mother’s CHD was reg-
istered in 11.1% of all selected groups. 
Statistically unconfirmed data showed 
association of mother’s CHD in PDA 
groups (p=0.075). In PDA groups (n=76) 
this factor far doubled than in groups of 
HIS-PDA (n=76), it was 15.8% and 7.0% 
respectively.

The operative delivery of the current 
pregnancy as a factor of possible long-
term persistence of the ductus arteriosus 
turned to be statistically unsatisfactory, it 
was common for HIS-PDA group of neo-
nates – 46.5% (Table 1). 

The ethnicity of the mothers and fa-
thers in children with PDA and HIS-PDA 
was investigated (Table 2).

Among all the cases of reexamina-

tion of the arterial ducts (n=162), it was 
most common for the Yakut and Russian 
mothers 71.6% and 16.0% respectively, 
Evenks - 8.6%, peoples of the Caucasus 
– 3.1%. Statistically unconfirmed data 
(p=0.601) of the distribution according 
to mothers’ ethnicity were received when 
comparing the groups of arterial ducts. 
According to the results of the research 
there were Yakut mothers in both groups 
almost equally – 72.2% and 71.1% re-
spectively. Evens were only in PDA 
group (n=76), 1.2%. It was most common 
for Russian 17.1% and Evenks 9.2% 

in PDA group rather than in HIS-PDA 
group (16.1% and 8% respectively). In a 
group of HIS-PDA 4.7% corresponded to 
the peoples of Caucasus (1.3% in PDA 
group).

Among the fathers of the CHD neo-
nates it was most common for Yakuts and 
Russian 73.51% and 17.3% respectively. 
There were 14.9% for Evenks, 2.5% for 
peoples of Caucasus and other nations 
(Ukrainians, Polishes, Germans, Tatars, 
Buryats, Kumyks and Khakasses) – 0.6% 
for each group. Statistically unconfirmed 
results show that the ethnicity of the fa-
ther is associated with groups of arterial 
ducts (p=0.565). The research revealed 
that PDA group was most common for 
Yakuts (75%). Russian and Evenks com-
monly occurred in the groups of HIS-PDA 
(n=86) – 18.6% and 5.8%, and in a group 
PDA (n=76) – 15.8% and 3.9%. Other na-
tions (Evens, peoples of the Caucasus, 

Ukranians, Polishes, Germans, Tatars, 
Buryats, Kumyks and Khakasses) were 
present only in a group of PDA.

Conclusions:
1. Multiple pregnancy as a predictor 

of long-term persistence of arterial ducts 
on reexamination, according to current 
research, occurred statistically unreli-
able. Preeclampsia and operative deliv-
ery of the current pregnancy as factors 
of possible association with long-term 
persistence of PDA turned statistically 
unreliable, and most commonly occurred 
in groups of HIS-PDA.

2. The association of a risk of per-
sistent PDA and PDA closure with such 
factors as gestational hypertension with 
or without proteinuria, pregnancy edema 
associated with presence or absence of 
proteinuria, anemia in pregnancy and 
threatened miscarriage was statistically 
unconfirmed.

3. The association of fetoplacental 
insufficiency with risk of persistent PDA 
was unconfirmed statistically.

4. The association of mother’s CHD 
in a group of PDA was also unconfirmed 
statistically.

According to the results of statistical 
analysis there were revealed most signif-
icant risk factors for long-term persistent 
arterial ducts among the neonate popu-
lation of the Republic Sakha (Yakutia). 
They may be associated with complicat-
ed course of pregnancy, i.e. gestational 
arterial hypertension with or without pro-
teinuria, pregnancy edema associated 
with presence or absence of proteinuria, 
fetoplacental insufficiency, anemia of the 
current pregnancy and presence of CHD 
in the mother’s past history. 

The reported study was funded by 
RFBR according to the research project 
#18-05- 60035_Arctica. 
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Ethnicity of Parents of Newborns with HIS-PDA and PDA

Groups of arterial duct Mother ethnicity, %
P=1 2 3 4 5 6 7 8

1 n=86 72.1 15.1 0.0 8.1 0.0 4.7 0.0 0.0 0.601
2 n=76 71.1 17.1 1.2 9.2 0.0 1.3 0.0 0.0 0.601

Total n=162 71.6 16.0 0.6 8.6 0.0 3.1 0.0 0.0 0.601
Father ethnicity. %

P=1 2 3 4 5 6 7 8
1 n=86 72.1 18.6 0.0 5.8 1.3 0.0 0.0 0.0 0.585
2 n=76 75.0 15.8 1.3 3.9 1.3 1.3 0.0 1.3 0.585

Total n=162 73.5 17.3 0.6 4.9 0.6 2.5 0.0 0.6 0.585

Note. 1 – Yakuts, 2 – Russians, 3 – Evens, 4 – Evenks, 5 – other indigenous small-numbered 
peoples of the North, Siberia and the Far East: Dolgans, Yukaghirs, Chukchis, 6 – peoples of 
the Caucasus, 7 – peoples of the Central Asia, 8 – others: Ukranians, Polishes, Germans, Tatars, 
Buryats, Kumyks and Khakasses.

Table 2
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