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Abstract: Congenital heart defects (CHD) are the most common birth anomaly affecting approxi-
mately 1% of births and have a prevalence of about 5.8 per 1000 people. CHD is the most common 
congenital anomaly in newborn babies. Management of the newborn with CHD represents a fron-
tier of clinical pediatric cardiology. Progress in diagnosis and surgical treatment of the individuals 
with a heart defect has progressed to the point that almost all heart defects can be significantly im-
proved and treated. 

Cardiovascular malformations account for about 10% of infant deaths and nearly half of all deaths 
from malformations 
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1. Introduction 

Congenital heart defects (CHD) are the most common birth anomaly affecting approxi-
mately 1% of births and have a prevalence of about 5.8 per 1000 people. [1–6] 

CHD is the most common congenital anomaly in newborn babies.7 Cardiac malfor-
mations have been produced in multiple experimental animal models, by perturbing 
selected molecules that function in the development pathways involved in myocyte 
specification, differentiation, or cardiac morphogenesis.[4,7] The precise genetic, epige-
netic, environmental basis for various perturbations in the human heart is not fully un-
derstood yet. [4]  

Management of the newborn with CHD represents a frontier of clinical pediatric cardiol-
ogy. Progress in diagnosis and surgical treatment of the individuals with a heart defect 
has progressed to the point that almost all heart defects can be significantly improved 
and treated. 

Cardiovascular malformations account for about 10% of infant deaths and nearly half of 
all deaths from malformations. [5,6,8] 

Global needs from childhood to adulthood for those with CHD have been less well in-
vestigated despite significant risks of morbidity and mortality across the lifespan. Given 
the lack of epidemiological and longitudinal data on individuals of all ages with CHD, 
especially in developing countries. 
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Heart defects, in which the chances of surviving to the first year are negligible, are con-
sidered to be “critical congenital heart defects during the neonatal period”.[9] The de-
gree of “criticality” and the time during which life-threatening conditions develop de-
pend on the type of congenital heart defects, background pathology, individual charac-
teristics of the child, the timeliness of diagnosis and the adequacy of the medical care 
provided at the preoperative stage. Therefore, an important task is the earliest diagnosis 
of congenital heart defects. The early detection of any congenital malformation is based 
on well-organized monitoring of pregnant women with instrumental and laboratory 
screening.[4,6,8,10,11] 

According to the literature, the average level of prenatal detection of congenital heart 
defects in Europe is 19-48%, in specialized centers - 95%.[12] In Kazakhstan, 8–9% of 
children with congenital heart defects are born annually. In the third part of children 
with congenital heart disease, life-threatening conditions develop, which are character-
ized by the development of hypoxemic syndrome and heart failure and the average level 
of prenatal detection of congenital heart defects reaches 17.9%.[13,14] 

Improving the quality of medical care for patients with defects of the cardiovascular sys-
tem directly affects the infant mortality rate in general. In this regard, an important role 
is given to the correct organizational construction of medical care for newborns with 
congenital heart defects at all stages: obstetrician - neonatologist - resuscitator - pediatric 
cardiologist - cardiac surgeon, which determines the relevance of such studies to reduce 
the risk of hospital mortality and mortality of children. 

2. Materials and Methods 

At the preliminary stage of the study, medical care was analyzed for all newborns with 
congenital heart defects born or hospitalized at the Center for Perinatology and Pediatric 
Cardiac Surgery, Almaty (CPPCS). 

Criteria for inclusion in the study group: Informed consent of the child’s parents or 
guardians; neonatal period (from the moment of birth to 28 days of life at full-term; at 
premature term - up to 44 weeks of post-conceptual age); the presence of critical congen-
ital heart disease (CHD). Premature infants with hemodynamically significant ductus 
arteriosus were excluded from the study. 

Data were collected: clinical and medical history, prenatal and postnatal echocardiog-
raphy, electrocardiography, laboratory research, treatment, hospital mortality at the pre-
operative stage. 

Comparison and analysis of data was performed in two groups of patients with critical 
congenital heart defects: the first 119 patients born in 2007-2010, the second - patients 
born from November 20, 2011 to December 29, 2018, 1,098 children were treated in 
CPPCS under the age of 1 year, 175 of which were newborns (15.9%). Of the last 27 were 
limited to conservative treatment. Eight (29.6%) of these patients died from hypoxia and 
/ or heart failure, which were incompatible with life, as well as from congenital pathol-
ogy of other organs and systems. In the remaining 148 (81.7%) cases, various surgical 
interventions were performed. The allocation of periods is due to a change in ap-
proaches to organizing MC for newborns with CHD in the period from 2011 and the 
opening of CPPCS. 

Processing of the primary material was carried out using the methods of medical statis-
tics and the software package SPSS 21 and MS Excel. To assess the quantitative indica-
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tors were calculated: median and interquantile range in the form of 25 and 75 percen-
tiles, the average value and standard error. The description of the qualitative indicators 
of the sample was carried out by calculating the absolute quantity, fraction and standard 
error of the fraction. To compare the values of indicators in the groups, the method of 
nonparametric statistics, the KЈ-Mann-Whitney test, was used; to characterize differ-
ences in qualitative characteristics in different subgroups - Pearson's criterion. The criti-
cal value of the significance level was taken equal to 0.05. Differences were considered 
statistically significant at p<0.05 

3. Results 

In the period from 2007 to 2010, the system of providing MС was traditional. In antena-
tal clinics, prenatal ultrasound (US) screening of pregnant women was carried out on 
maternity leave in 3 stages (10-14 weeks, 20-24 weeks, 30-34 weeks). If a fetal CHD was 
suspected, the woman was sent for an ultrasound study to regional perinatal centers. In 
the diagnosis of critical CHD, the child was transported by an on-site advisory resuscita-
tion neonatal team to the neonatology departments of hospitals in accordance with the 
consolidation of territories. Echocardiography was performed on an ultrasound machine 
of the expert class. The newborn was examined by a heart surgeon and, if necessary, an 
emergency or urgent surgical intervention was sent to the National Scientific Center of 
Surgery named after A.N. Syzganova or was sent outside the Republic of Kazakhstan. 

Since 2011, prenatal echocardiography of the fetus has been predominantly performed 
in the consultative clinic of the CPPCS or the City Center for Human Reproduction in 
Almaty. During this period, the opportunity and need for echocardiography of the fetus 
appeared earlier (16-18 weeks). During prenatal detection of CHD in the fetus, a preg-
nant woman was observed and was sent for delivery to the CPPCS, which includes a 
neonatal intensive care unit, neonatologists, cardiologists and a cardiac surgical team 
who are skilled in delivering emergency MС to a newborn with critical CHD MС ac-
cording to the profile “cardiovascular surgery”. Neonatologists conducted a screening 
study of newborns to detect CHD, which included a physical examination, auscultation 
of the heart and blood vessels to detect noise, an assessment of saturation, blood pres-
sure and pulse characteristics in the lower and upper extremities. In cases of suspected 
CHD, children were consulted by a pediatric cardiologist or cardiac surgeon (which is 
possible in perinatal centers), and echocardiography was performed. Since 2011, an inte-
grated approach has been put into practice in determining the timing, type and volume 
of interventions in patients with CHD. Collegiality was realized by conducting an inter-
disciplinary neonatal cardiological consultation, the composition of which is regulated 
by the Order “On Optimization of Specialized Surgical Care for Newborns with Congen-
ital Heart Diseases” and includes specialists of various profiles and various institutions: 
pediatric cardiologist, cardiac surgeon, resuscitator, anesthetist, neonatologist, doctor, 
neonatologist, doctor owning the method of echocardiography in children. New technol-
ogies for surgical treatment of children with critical CHD have been introduced in the 
CPPCS in Almaty, which significantly reduced the risks of worsening conditions associ-
ated with prolonged transport to cardiocenters (Table 1.) 

Table 1 Stages of assisting newborn children with critical CHD in the CPPCS, Almaty 

Prenatal stage MС: 
Echocardiography of the fetus in the CPPCS, Almaty 
Dynamic monitoring of pregnant women with fetal 

CHD in the CPPCS, Almaty 

Neonatal stage MС: 
Delivery in the CPPCS, Almaty 

Consultation neonatologist + pediatric cardiologist + pe-
diatric cardiac surgeon and resuscitator 
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Cardiac Surgery Stage MС: 
New technologies in the CPPCS, Almaty for operating 

newborns 
Postoperative nursing and observation 

For the period 2007-2010 281 newborns with CHD were observed; 119 children 
(42.3%) had critical CHD. In the second period (2011-2018), 1,098 children under the age 
of 1 year were observed, 175 of which were newborns (15.9%). Of the last 27 were limited 
to conservative treatment. Eight (29.6%) of these patients died from hypoxia and / or heart 
failure, which were incompatible with life, as well as from congenital pathology of other 
organs and systems. In the remaining 148 (81.7%) cases, various surgical interventions 
were performed, which is much more than in the compared group, consistent with data 
from other studies and indicates an improvement in the diagnosis of CHD and critical 
conditions in the neonatal period. 

No statistically significant differences were found in the studied groups of newborns 
with critical CHD: in terms of sex ratio, number of premature babies, a history of preg-
nancy and the presence of respiratory distress syndrome at birth, body weight at birth, 
the presence of a combined pathology that affects the delivery of MС and clinical out-
comes (infectious process, chromosomal abnormalities, multiple congenital malfor-
mations) (Table 2). 

 
Parameter First group 

(n=119) 

Second group 

(n=148) 

Р* 

Sex: 

- male (%) 

- female (%) 

 

77 (64,7) 

42 (35,3) 

 

62 (41,9) 

86 (58,1) 

 

0,128 

0,128 

Mother age 26,9±0,56 27,9±0,59 0,256 

Gestational age at the time of birth, weeks 37,5±0,29 37,6±0,32 0,287 

Full-term / premature babies: 

full-term newborns (%) 

preterm infants (%) 

 

92 (77,3) 

27 (22,7) 

 

91 (80,5) 

22 (19,5) 

 

0,549 

0,549 

Body weight at birth, kg 2,931±0,078 2,920±0,088 0,913 

Presence during pregnancy (%): 

- polyhydramnios 

- chronic pyelonephritis 

22 (18,5) 

7 (5,9) 

15 (12,6) 

18 (15,9) 

10 (8,8) 

15 (13,3) 

0,728 

0,388 

0,881 

Moderate and severe asphyxia in childbirth (%) 43 (36,1) 33 (29,2) 0,262 

Chromosomal abnormalities (%) 5 (4,2) 6 (5,3) 0,694 

Concomitant infectious process (%) 61 (51,3) 66 (58,4) 0,336 

Table 2. Clinical characteristics of groups 
 
In the first group, intrauterine heart disease was suspected in 32.8% of children (av-

erage gestation period - 26.7 weeks), in the second group - 46.9% of patients (average ges-
tation period - 25.7 weeks) (p = 0.028). Accordingly, the minimum gestational period at 
which CHD was detected perinatally in the fetus was 19.5 and 13.0 weeks, and the maxi-
mum was 40.0 and 34.0. The proportion of identified CHD during pregnancy up to 22 
weeks (inclusive) was statistically significantly different in the two groups (5.9% in the 
first; 16.8% in the second; p = 0.009); the revealed patterns indicate an improvement in the 
quality of perinatal diagnosis of CHD (table 3). 
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Indicator 2007-2010 

(n=119) 

2011-2018 

(n=148) 

P 

Total children with CHD identified in utero (%) 39 (32,8) 69 (46,6) 0,028 

The minimum gestational age for the detection of CHD in utero, 

weeks 

19,5 13  

The maximum gestational age for the detection of CHD in utero, 

weeks 

40 34  

The average gestational age for the detection of CHD in utero, weeks 26,7±0,5 25,7±0,6 0,312 

CHD revealed in utero up to 22 weeks of gestation (%) 7 (5,9) 25 (16,8) 0,009 

Table 3. The effectiveness of prenatal diagnosis of CHD 
 
In the absence of a prenatal diagnosis of CHD (67.2% in the first group, 53.4% in the 

second group), postnatal diagnosis was performed by specialists from neonatal depart-
ments of the maternity hospital and multidisciplinary children's hospitals with the man-
datory participation of a pediatric cardiologist. It was revealed that hypoxemic syndrome 
in the second group was diagnosed in 36 (3%) newborns with CHD, which is significantly 
more likely than in the first - in 16 (13.4%) (p = 0.001). Arterial hypoxemia is the most 
common condition requiring consultation with a pediatric cardiologist. The main causes 
leading to the development of cyanosis in newborns are CHD, pulmonary dysfunction, 
damage to the central nervous system. Violation of tissue oxygenation in newborns can 
be aggravated by the presence of fetal hemoglobin, which has an increased affinity for 
oxygen and with great difficulty releases oxygen in tissues than in adults, which proves 
the feasibility of differential diagnosis of hypoxemic syndrome in the neonatal period, 
determination of ductus dependence of CHD, topical diagnosis of cardiac defect. Differ-
ential diagnostics and a collegial approach to the management of newborns with sus-
pected CHD revealed rare complex forms of CHD (aorto-pulmonary tunnel, membrane 
of the right atrium with atresia of the excretory section, diverticulum of the right ventricle) 
in the second group. 

An analysis of conservative pathogenetic therapy showed that since 2011, the ap-
pointment of perlinganitis is significantly less common (p = 0.0001). The purpose of inhib-
itors of angiotensin-converting enzymes of diuretics (p = 0.283), the frequency of applica-
tion of mechanical ventilation (p = 0.755) did not differ in both groups (Table 4). Thus, an 
improvement in the quality of the topical diagnosis of CHD has affected the tactics of 
conservative pathogenetic therapy in newborns with critical CHD. 

Indicator (%) 2007-2010 

(n=119) 

2011-2018 

(n=148) 

P 

Perlinganite 28 (23,5) 2 (1,35) 0,001 

Prostaglandins 41 (34,5) 51 (45,1) 0,098 

Diuretics 61 (51,3) 49 (43,4) 0,283 

Angiotensin Converting Enzyme Inhibitors 55 (46,2) 42 (37,2) 0,163 

Mechanical ventilation 46 (38,7) 45 (39,8) 0,755 

Table 4. Therapy in the conservative treatment of newborns with critical CHD in the preoperative stage 

 
In the first group, at the preoperative stage, a heart surgeon examined 87 patients, 

which amounted to 73.1%. In the second group, a neonatal cardiological consultation with 
a cardiac surgeon was conducted for 148 children (100%) (p = 0.004). The active participa-
tion of the cardiac surgeon in determining the tactics of managing a newborn with CHD 
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has allowed a higher operational activity. So, in the first group, 47 (39.5%) patients were 
operated on, and in the second - 148 (100%) (p = 0.001). 

Hospital mortality at the preoperative stage in the group of newborns with CHD in 
2007-2010. made up 21.0% of patients, in the second group - 7.1% (p = 0.002). 

4. Discussion 

Meta-analysis Holland B.J. et all show that prenatal diagnosis of critical congenital heart 
disease improves preoperative neonatal survival. Newborns diagnosed postpartum 
were more likely to die from cardiovascular failure prior to elective cardiac surgery than 
infants with prenatal diagnosis. [15] Previous studies on surgical and postoperative out-
comes did not show an increase in the survival rate of patients with prenatal diagno-
sis.[16–22] 

In the case of the CPPCS of the city of Almaty, the use of a multidisciplinary approach, 
and the direct participation of a pediatric cardiologist / cardiac surgeon, shows a signifi-
cant decrease in mortality. The peculiarities of the management of such newborns in the 
CPPCS may open up new possibilities for improving the therapy of newborns with 
CHD. When planning future studies aimed at studying the management of CHD, a mul-
tidisciplinary approach should be taken into account in the selection of therapy for new-
borns. 

5. Conclusions 

New organizational approaches to delivering MC to newborns with CHD, formulated in 
Almaty, were developed with the opening of CPPCS. A clear algorithm for diagnosing 
CHD in newborns has been introduced and an interdisciplinary approach (neonatal car-
diological consultation) has been implemented in deciding on management tactics, path-
ogenetic therapy, the timing and type of surgical intervention in newborns with critical 
CHD. Timely and adequate organization of MC in newborns with CHD had a significant 
reduction in mortality in critical CHD at the preoperative stage. 
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