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Abstract
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Objective: To study the influence of endothelial dysfunction, during the first trimester of pregnancy, on the health of neonates and 
infants by using cytometric studies of desquamated endothelial cells in the peripheral blood.

Material and Methods: The study included 163 pregnant women with single fetuses. Endothelial dysfunction was assessed in moth-
ers in their first trimester, on the basis of cytometric studies of desquamated endothelial cells in the peripheral blood. Physical health 
of patients (i.e. mothers) was assessed. The status of 163 newborns and their catamnesis in the first year was also assessed.

Results: In patients with endothelial dysfunction detected in 1st trimester of pregnancy there was reduction in average diameter of 
desquamated endothelial cells. The children of these mothers more frequently encountered disorders of the Central nervous system 
and higher frequency of psychomotor developmental disorders. There was also a significant increase incidence of infections, inflam-
matory diseases and iron deficiency anemia in these kids. 

Discussion: Endothelial dysfunction in patients with early 1st trimester pregnancy causes formation of an impaired utero-fetal re-
lationship, which reflects in the formation of organ and systems in the fetus and leads to disorders in neonates and children of early 
pediatric age group. 

Conclusion: Endothelial dysfunction is of huge importance and is consistent in defining somatic health of a newborn child. The cyto-
metric analysis of endotheliocytes of peripheral blood of patients in their first trimester of pregnancy can be used as an informative 
test in early diagnosis of an increase in incidence of neonatal and early pediatric diseases.

Introduction
Complete implantation and transformation of spiral arteries with formation of adequate utero-placental flow are the main conditions 

for successful development of pregnancy [1,2]. In first weeks of pregnancy, chorionic villi form a system of utero-placental vessels which 
help in forming a basis of circulation of blood to the fetus. It is important that this hemodynamic system provides sufficient amount of 
placenta-fetal flow and thus adequate nutrition for the fetus throughout the pregnancy [3,4]. 

It has been proved that any disturbance in the process of trophoblast invasion in the first trimester of pregnancy can lead to late ges-
tational complications: preeclampsia, premature birth and may result in perinatal death of fetus and/or increased infantile and maternal 
mortality. The complications in a pregnancy have direct effect on formation of the organs and systems in a fetus.
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In last few years a lot of research has been done in the field of endothelium as a main factor responsible in maintaining homeostasis 
and fetoplacental micro and macro circulation [1,5]. Endothelial dysfunction is followed by failure of compensatory opportunities of 
endotheliocytes and initiation of pathological processes in vascular system [6]. Many authors studied a role of markers of violation of 
endotheliocytes at cardiovascular diseases, a diabetes mellitus, cerebral infarction, a metabolic syndrome, renal pathology [7-13]. Early 
detection of vascular pathology is decisive in prophylaxis of obstetric and perinatal pathology [14]. In literature we found a lot of mate-
rial about a role of endothelial dysfunction in pathogenesis of miscarriage [15,16] and eclampsia [12,14,17-21]. It has been proved that 
there is an increase in frequency of intrauterine growth restriction in the fetuses of mothers having polymorphism of NO-synthase (NOS) 
[22]. Complicated gestations lead to preeclampsia, chronic placental insufficiency further leading to developmental delays in fetuses, re-
duced growth and decreased synthesis of endogenous nitrogen oxide with activation of angiogenic growth factors (PlGF, VEGF etc.) [23]. 
Change in the level of NO and endothelin-1 is associated with development of cerebral ischemia and cardiovascular diseases in neonates 
[9]. Amount of total nitrite and endothelin-1 in umbilical cord blood in neonates of patients having arterial hypertension and positive 
endothelial dysfunction directly correlates with features of chronic hypoxia in a fetus, development of intrauterine growth restriction, 
intraventricular hemorrhages and patent ductus arteriosus in newborns at 3-month age [24]. The analysis of endothelial dysfunction in 
mothers is useful in prognosticating the health of newborns, to study possible risk of perinatal complications and postnatal morbidity 
and mortality.

One of methods of diagnosing endothelial dysfunction is by counting the circulating endotheliocytes of peripheral blood. For the first 
time, existence of the circulating desquamated endotheliocytes was described in 1978 by J Hlodavec. He observed a phenomenon of en-
dotheliopathy in rats after infusing an endotoxin hyaluronidase, streptokinase and some vasoactive medicines [25]. Cytological analysis of 
endotheliocytes shows damage of vascular system. The author connected this increase in quantity of the circulating desquamated endo-
theliocytes with increased tendency of thrombosis and hyperpermeability of the vascular wall. Endothelial cells measuring 1 - 2 microm-
eters thick and a diameter of 10 - 50 microns have a flat surface, an extended core and centrally located nucleus and are characterized 
by marked morphological heterogeneity [26]. Endothelial cells get detached from the wall of a vessel either completely or in smaller cell 
fragments. The circulating endotheliocytes can be present in peripheral blood as apoptotic cells which can be distinguished by staining, 
as in apoptosis the plasma membrane is damaged [8]. Death of endotheliocytes is mediated by apoptosis [27]. The morphological picture 
of apoptosis includes blebbing, cell shrinkage, nuclear fragmentation, chromatin condensation, chromosomal DNA fragmentation and 
mRNA decay into membranous vesicles. Apoptosis produces cell fragments called apoptotic bodies which are later engulfed by phagocytic 
cells [28]. We can study these apoptotic cells using simple light microscopy after staining. Studying the optical properties of circulating 
endotheliocytes opens new windows to early diagnosis of diseases of the endothelial system.

Objective
To study the influence of endothelial dysfunction, during the first trimester of pregnancy, on neonatal health using cytometric studies 

of desquamated endothelial cells in peripheral blood of mothers.

Material and Methods
The study included 163 patients with single fetus. Peripheral blood of pregnant women in their first trimester was analyzed and cyto-

metric assessment was done for endothelial dysfunction in desquamated endotheliocytes (DEC). Cytometry of the apoptotic cells revealed 
change in geometric parameters of DEC. when there is a rise in endothelial dysfunction majority of cells are noted in the blebbing stage 
and apoptotic cell stage which have a reduced diameter than endotheliocytes. The same technique as used by J Hladovec [25] in 1978, was 
used to selectively separate DEC. The principle of this method is based on selective separation of DEC along with thrombocytes and later 
on removal of thrombocytes with the help of adenosine diphosphate. 4 - 5 ml peripheral venous blood is taken and stabilized with 3.8% 
sodium citrate. Thrombocytes are separated using ADP solution and then centrifuged. The plasma that has separated from thrombocytes 
is then carefully removed and centrifuged again. The sediments are then separated again and 0.1 ml 0.9% NaCl was added. Then com-
puterized cytometry of DEC was performed. Leika DM 1000 microscope was used with computer video system for processing and then 
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images were analysed using Leika Application Suite LAZ EZ Version 2.1.0. (2012). Then mean diameter of circulating DEC was calculated. 

According to the final data, the contingent was divided into 3 groups. The first group was of 74 women where in the first trimester of 
pregnancy mean diameter of DEC of peripheral blood was more than 40 microns (Figure 1).

Figure 1: Desquamated endotheliocyte (mean 
diameter of 48 microns). Coloring the 

methylene blue (x600). 

45 patients had a mean diameter of 30 - 40 microns (Figure 2), which formed the second group.

Figure 2: Desquamated endotheliocyte 
(effective diameter of 36 microns). Coloring 

the methylene blue (x600).
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44 patients that had diameter less than 30 microns (Figure 3) entered the third group.

Figure 3: Desquamated endotheliocyte 
(effective diameter less than 22 microns). 

Coloring the methylene blue (x600).

The following parameters were considered: age, profession related adversities and addictions, extragenital, obstetrical and gyneco-
logical anamnesis, physical condition of the pregnant women. Women at whom chronic diseases in an aggravation stage are revealed were 
excluded. Diabetes mellitus and hypertension are themselves responsible for endothelial dysfunction, so they were exclusion criteria.

163 patients with single fetuses in whom pregnancy reached full term were studied. Considering higher incidence of perinatal pathol-
ogy and neonatal morbidity, born before 37 weeks of gestation was exclusion criteria. Then the condition of 163 newborn children and 
their follow up till one year was assessed.

Results were statistically analyzed. Statistical processing was carried out using Excel (Microsoft Office of Excel 2003) and Statistica 
(for Windows release 6.0 of the StatSoft.Inc company., 2002). Calculations were carried out by Student’s t-tests.

Results and Discussion
Average age of women of the first group was 26.02 ± 5.2 years, the second group - 28.24 ± 5.3 years and the third group was - 26.3 ± 

4.6 years. In the studied groups, addictions and professional adversities were not significantly different, statistically. Obesity was most 
common in the second group - 26.7%, in the first group it was 13.5% and in the third group - 13.6%. Cardiovascular diseases were found 
prenatal assessment in 28.4% of women in the first group, 37.8% of women in the second group, and in 29.5% - in the third group. Dia-
betes mellitus and hypertension are themselves responsible for endothelial dysfunction, so they were excluded. All main cardiovascular 
risk factors are associated with dysfunction of an endothelium: obesity, hyperlipidemia, essential hypertension, diabetes mellitus [29,30]. 
At the diseases interfaced to atherosclerotic defeat of vessels, the endothelium represents a target organ as endotheliocytes regulate a 
vascular tone and a hemostasis. Increase in a vasoconstriction, decrease in an elastance of vessels, progressing of an atherothrombosis 
form a chronic ischemia of tissue which is an inductor of an apoptosis of endotheliocytes, initiating their destruction [31]. Thus, on major 
factors of risk of development of endothelial dysfunction the studied groups statistically were comparable. Diseases of the urinary system 
were more common in the third group - 25%, in the first and second - 14.9% and 17.8% respectively. Gastro intestinal diseases: 5.4% 
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in the first group, 11.1% in the second group, 2.3% pregnant women in the third group. Thyroid gland pathologies were found in the 
frequency of 18.9% - in the first group, 20% in the second group and 13.6% in the third group. Somatic health of pregnant women in the 
studied groups was insignificant.

At a research of health of children in the considered groups the following results were received (Figure 4). It should be noted that in 
literature influence of endothelial dysfunction at mother on a condition of newborns is described. Identification of markers of endothelial 
dysfunction at mother correlates with a chronic hypoxia of a fruit, violation of a fetation [22,24]. Endothelial involvement is associated 
with the development of cerebral ischemia in newborns, cardiovascular disorders [9].

Figure 4: The chart of frequency of infantile and children's incidence in the studied groups.

In our research in children of the second and third group, diseases of the central nervous system (CNS) were 1.5 - 3 times more com-
mon in the first year. Residual phenomena of neurological disorders was found in the second and third group, only in the second year. 
Neurological disorders, till 1 year of age were diagnosed in 14.9% of kids in the first group. In group with mild degree of endothelial dys-
function in the first trimester - in 42.2% (p ≤ 0.05; t = 3.2) and in the third group - in 63.6% kids (after full term birth) (p ≤ 0.001; t = 6.3). 
Neurological disorders were not found in first group after one year, in the second group - found in 6.7% of children, in the third - in 15.9% 
of children (p ≤ 0.05; t = 2.9). Hydrocephalus was not found in a single child in the first group, 2.2% in the second group and in 6.8% of chil-
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dren in the third group. Visceral dysfunction was diagnosed in 5,4% of children of the first group, 13.3% of children of second, and 27.3% 
of children in group with mothers having average to heavy degree of endotheliopathy (p ≤ 0.05, t = 3.04). Hyperactivity disorder is diag-
nosed in 2.7% of children of the first group, 13.3% of children in the second group, and 27.3% of children of the third group (p ≤ 0.001; t = 
3.5). Frequency of hypoxic encephalopathy was 5.4% - in the first group, 13.3% - in the second group, and 31.8% - in the third group (p ≤ 
0.001; t = 3.5). Psychomotor lag in development was seen in 13.3% - in the second group, and 11.4% - in the third group and only in 2.7% 
in the first group. Frequency of hypochromic anemia in children till 1 year of age was also more in the second and third groups than in the 
first group. Hypochromic anemia in the first year of life is diagnosed in the first group in 1.4% of children, the second and third groups: 
13.3% and 13.6% respectively. The incidence of SARS in the first year of life, in groups having endotheliopathy in mothers, was 1.5 times 
higher than in control group: in the first group was 1.9 times a year and 3.4 times a year - in the second group and 1.6 times - in the third 
group. The children who contracted SARS, 4 and more times in a year were- 24% in the first group, 44.4% - in the second group (p < 0.05; 
t = 2.2), and 31.8% - in the third group.

In the group of children, where mothers in the first trimester of pregnancy expressed endotheliopathy and thus also decrease in diam-
eter of DEC had higher frequency of neuropathy and higher frequency of delayed psychomotor development. In these groups infectious 
and inflammatory diseases were also more often diagnosed. The incidence of hypochromic anemia increased. Endothelial dysfunction in 
early stages of gestation causes disruption of utero placental circulation and this affects the formation of organ systems in a fetus. This 
leads to development of pathologies in neonates and infants. Cytometry of DEC of peripheral blood opens new opportunities in early 
diagnosis of pathology in endothelial system. Identification of endotheliopathy in early antenatal periods is an important marker in deter-
mining possible perinatal complications [32]. 

Conclusion
Endothelial dysfunction, being a pathogenetic link of many diseases, is of key value in development of pathology in the fetoplacental 

complex, defining the physical health of a newborn. The cytometric research of DEC in peripheral blood of a mother in the first trimester 
of pregnancy can be used in medicine as an informative test in early diagnosis of neonatal and infant health.
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