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The transition from fetal to extrauterine life is the most complex
physiological process of adaptation of the newborn. The beginning of independent
breathing results in radical changes not only in the respiratory tract, but also in the
cardiovascular system [1], which is associated with changes in pressure in heart
chambers, the direction of blood flow on the level of fetal communication, as well
as in remodeling of heart chambers and great vessels due to changes in
hemodynamic load. Preterm labor causes difficulties in adaptation of premature
infants [1], triggering a delay in neonatal remodeling of intracardiac and systemic
hemodynamics. An instance of blood circulation adaptation impairment after birth
Is persistent pulmonary hypertension [2]. Issues of the development of diastolic
function of heart ventricles and interpretation of the rate and time parameters
according to echocardiography data remain urgent not only in the neonatal period
[3, 4, 5, 6], but during the first year of life.

Proper assessment of hemodynamic state and detection of myocardial
dysfunction in newborns enables promptly diagnose the first signs of
cardiovascular involvement, even as early as at preclinical stage. Polymorphism
and nonspecific clinical manifestations of cardiovascular maladaptation create
certain diagnostic challenges that can only be solved with time, in the process of
catamnestic observation.

The purpose of the study: to identify peculiarities of the diastolic function
development of the heart ventricles in preterm infants following clinical and
instrumental examination in the neonatal period and in the process of catamnestic

observation.



Object and methods of the study: The study involved examination of 244
preterm infants at gestation age from 26°’ to 37°" weeks. The newborns were
divided into the following groups: Group 1 (<28 weeks — extreme degree of
prematurity) - 25/244 (10.25 + 1.94%), Group 2 (28%7- 31%" weeks — very early
preterm infants) - 40/244 (16.39 + 2.37%), Group 3 (32%7- 33%7 weeks — early
preterm infants) - 61/244 (25.0 + 2.77%), Group 4 (34%"- 36°" weeks — “late
preterm infants”) - 118/244 (48.36 + 3.2%) children. “Late preterm infants” was
the most numerous group, which was associated with general statistical data [7].
Given that “late preterm infants” have a higher level of short-term morbidity
compared to full-term children [8], this group was analyzed separately.

Control group included 100 healthy full-term newborns, with uneventful
early neonatal period.

The study implied assessment of medical histories, clinical and laboratory-
instrumental examination of children in the neonatal period and at the age of 3, 6,
and 12 months of the actual age.

Doppler echocardiography (DECG) was performed using ultrasound scanner
“MyLab25Gold” manufactured by “Esaote” (Italy) with determination of indices
characterizing the systolic and diastolic function of the ventricles in accordance
with the recommendations for neonatologist performed echocardiography in
Europe: Consensus Statement endorsed by European Society for Pediatric
Research (ESPR) and the European Society for Neonatology (ESN) [9].

Statistical processing of the data was carried out using SPSS Statistics 17.0
and STATISTICA-10 software. Comparison of the studied groups by quantitative
features was carried out using the Mann-Whitney and Student criteria. For
qualitative signs, statistical significance of the differences was checked by
nonparametric criteria: x*, the exact Fisher criterion with calculation of the p
value. The value of p <0.05 was taken for the threshold of statistical significance.

Results of the study and their discussion. Assessment of obstetric history
showed pathological course of pregnancy (threatened abortion, placental

dysfunction, antenatal distress of the fetus, premature rupture of membranes) in



68/105 (64.76 + 4.66%, p = 0.00001) women. Multiple pregnancy occurred in
19/105 (18.1 + 3.76) women. Two triplets and 17 twins were born.

Extragenital pathology was found in 54/105 (51.43 + 4.88%, p = 0.38) of
women. Exacerbation of chronic pyelonephritis was observed most frequently
(16/105 (15.24 + 3.51%). Allergic diseases and bronchial asthma, which
complicated the course of pregnancy, were diagnosed in 3/105 (2.86 £ 1.63)
mothers. Gastrointestinal diseases (chronic gastritis, duodenal ulcer, chronic
cholecystitis) were found in 6/105 (5.71% + 2.26%) women, endocrine pathology
(primary hypothyroidism, medication compensated, obesity) in 3/105 (2.86 +
1.63%) of women. The course of pregnancy secondary to anemia of mild and
moderate severity was reported in 16/105 (15.24 + 3.51) mothers. The study
showed that extragenital pathologies complicated the course of pregnancy in 40/55
(72.73 £ 6.01%, p = 0.036) women. Every fourth woman, 22/105 (20.95 + 3.97%),
had compromised heredity for cardiovascular disease, and almost every fourth one
18/105 (17.14 + 3.68) had cardiovascular pathology. More often, cardiovascular
pathology was registered in mothers of newborns with extremely low birth weight
(11/30 (36.67 + 8.8%)) and mothers of newborns with very low birth weight (9/28

(32.14 £ 8.83%, * = 14.672, p = 0.001)) compared to mothers of low birth weight

children (5/68 (7.35 = 3.16%).

After birth, 92/126 (73.02 + 3.95%, p = 0.3-10™) of preterm infants were
diagnosed with infant respiratory distress syndrome (IRDS) and / or 74/126 (58.73
+ 4.39%, p = 0.01) asphyxia at birth, with clinical and laboratory and instrumental
confirmation. Besides, 43/103 (41.75 + 4.86%) newborns were shown to have
hypoxic-ischemic impairment of the central nervous system and 23/126 (18.25 +
3.44%) of children were somatically healthy — these were children at gestation age
of 32.28 + 0.95 weeks.

Clinical examination of preterm children did not reveal specific signs of
myocardial dysfunction. It showed microcirculatory disorders in the form of
marble hue of the skin in 69/103 (66.99 + 4.63%, p = 0.000005) newborns, perioral
cyanosis in 29/103 (28.16 + 4.43 %), tachypnea in 66/103 (64.08 + 4.73%, p =



0.0002), participation of auxiliary muscles in the act of respiration in 28/103 (27.18
+ 4.38%) patients. These clinical signs more often testified to the presence of
respiratory disorders and microcirculatory disorders secondary to perinatal damage
to the central nervous system.

Auscultation of the heart showed systolic noise in the 2"-3" intercostal
space to the left of the sternum in 37/126 (29.37 + 4.06%) preterm children which
intensity depended on the presence of patent arterial duct, its diameter, as well as
the time course of IRDS and the mean pressure in the pulmonary artery.

According to Leone A, Ersfeld P. et al. (2012) the “late preterm infants” are
a special group for the development of medical complications at the stage of
postpartum adaptation [8], which is important for assessing and identifying the
features of hemodynamic adaptation in the neonatal period.

The study involved examination of 118/244 (48.36 + 3.2%) “late preterm”
newborns at gestation age from 34%"— 36%" weeks. Multiple pregnancy was
observed in 29/88 (32.95 + 5.01%) women, of whom 28/29 (96.55 + 3.39%, p =
0.000001) had twins, one woman had triplets. Pathological pregnancy occurred in
68/88 (77.27 + 4.47%, p = 0,5-10™) women. Moreover, 24/88 (27.27 + 4.75%) of
women had premature rupture of membranes and 12/88 (13.64 + 3.66%) had
preeclampsia. Antenatal distress and fetal development delay syndrome were
recorded at the same frequency, namely 4/88 (4.55 + 2.22%) of pregnant women,
and the same frequency was associated with placental dysfunction and abnormal
changes in the amount of amniotic fluid (oligohydramnios, polyhydramnios) in 6 /
88 (6.82 + 2.69%). Placenta previa was observed in 4/88 (4.55 + 2.22%) mothers.
The threat of preterm delivery was registered in 40/88 (45.45 + 5.31%) mothers.

Extragenital pathology was diagnosed in 60/88 (68.18 + 4.97%, p =
0.000007) women. Chronic infectious pathology was the most common, namely
chronic pyelonephritis in 18/88 (20.45 + 4.3%) and chronic tonsillitis in 2/88 (2.27
+ 1.59%); exacerbation of bronchial asthma occurred in two women. Endocrine
pathology (primary medically compensated hypothyroidism, obesity) was found in

8/88 (9.09 + 3.06) mothers. Pregnancy in patients with anemia was observed in



7/88 (7.95 + 2.88%) of mothers. One woman had a past history of acute
lymphoblastic leucosis. Varicose disease of the lower extremities occurred in 6/88
(6.82 + 2.69%) women. Cardiovascular diseases (arterial hypertension, secondary
cardiomyopathy, congenital heart defect, heart rhythm disorders and vegetative-
vascular dysfunction) were observed in 25-88 (28.41 + 4.81%) mothers. A
statistically significant relationship was found between the presence of cardiac
pathology in a mother and the presence of 27/67 (40.30 + 5.99%, p = 0.024) of
myocardial dysfunction in a child in the early neonatal period. Each third woman
(28/88 (31.82 + 4.97%)) had a comorbidity of somatic pathology, which
complicated the course of pregnancy.

According to the results of the clinical and instrumental examination, 30/118
(25.42 + 4.01%) of “late preterm” infants had clinical problems such as IRDS, in
21/30 (70.0 + 8.37%, p = 0.007), moderate degree of asphyxia during labor in
10/30 (33.33 £ 8.61%, p = 0.03) children, and 5/30 (16.67 + 6.8%) newborns had a
delay in intrauterine development.

“Late preterm” infants were not found to have specific signs of
cardiovascular maladaptation. The most common were clinical signs typical for
IRDS and asphyxia during labor. Auscultation detected systolic noise in 109/118
(92.37 + 2.44%, p = 0.00001) newborns, of whom 91/118 (77.12 + 3.87%, p =
0,3-10%°) in a.pulmonale due to the presence of patent arterial duct and / or
minimal physiological reverse flow in the pulmonary arterial valves.

Doppler echocardiography showed that the formation of diastolic function of
the heart ventricles in healthy full-term neonates occurs during the first week of
life. Parameters of diastolic flow in newborns in the early neonatal period have a
phase redistribution: with the prevalence of early diastolic filling and a moderate
increase in the ratio of early and late transmitral flow for the left ventricle; with
predominance of the atrial component for the right ventricle [4].

Myocardial dysfunction was registered in 105/126 (83.33 + 3.32%, p =
0.7-10") of preterm children. Extragenital pathology in a mother was shown to be

associated with an increase in the percentage of myocardial dysfunction incidence



in newborns to 89.39 £ 3.79% versus 76.67 + 5.46%, p = 0.046 children born from
healthy women. Clinically important is the fact that the risk of developing
myocardial dysfunction in children whose mother had a risk of abortion was
57/105 (54.29 + 4.86%, p = 0.01). Diastolic dysfunction of the heart ventricles was
recorded most commonly, in 80/105 (76.19 + 4.16%, p = 0.3-10™). In 45/105
(42.86 = 4.83%) of newborns, a violation of the systolic function of the right
ventricle (mainly in children at gestational age from 24 to 31 weeks) was
diagnosed in infants with respiratory distress, severe asphyxia during labor or
prosthetic repair of external breathing function. Systolic dysfunction of the left
ventricle was diagnosed in 16/105 (15.24 + 3.51%) of prematurely born children.

Doppler echocardiography showed myocardial dysfunction in 67/118 (56.78
+ 4.56%), “late preterm” newborns, statistically more often in in those born from
mothers with extragenital pathology (51/67 (76.12 + 5.21%, p = 0.1-107)).
Diastolic dysfunction was found in 63/118 (53.39 + 4.59%) of the “late preterm”
neonates: left ventricular in 25/63 (39.68 + 6.16%) and biventricular in 38/63
(60.32 + 6.16%). The left ventricular systolic dysfunction was detected in 12/118
(10.17 £ 2.78%) newborns and right ventricular in 34/118 (28.81 + 4.17%).

High incidence of diastolic dysfunction can be attributed to the fact that type
1 myocardial dysfunction (delayed relaxation) is more typical for fetal heart
ventricles. Its presence can be explained by the systemic intrauterine functioning of
the right ventricle in the absence of a hemodynamic load on the left ventricle [10].
Our independent studies have found that a neonatal myocardium in a premature
baby shows features of the diastolic function of the heart ventricles, which is
typical for the fetus until postconceptual age of 39-41 weeks. In future, the
diastolic function in preterm infants is normalized and does not differ from the
normal values of full-term infants by the rate and time parameters.

Systolic dysfunction of the heart ventricles was detected in newborns with
respiratory disorders and / or asphyxia secondary to insufficient hemodynamic

adaptation of the left ventricle to the load.



After discharge from the perinatal center at the age under 12 months of the
actual age, 93 children were examined, of whom 61 were preterm and 32 were
healthy children of the control group. They underwent follow-up examination: in
the interval of 1 month, 3, 6 and 12 months of actual age. Given the fact of
premature birth, morphofunctional immaturity, the time of stabilization of diastolic
function in prematurely born children and “late preterm infants” was different from
that of newborn babies. Rate and time indices were found to normilize in 46/61
(75.41 + 5.51%, p = 0.1-10°) prematurely born children from 5-6 months of actual
age, indicating the normalization of diastolic function, in 15/ 61 (24.59 £ 5.51%)
children to 6-8 months of actual age.

Hemodynamically significant open arterial duct was diagnosed in 17
children with extremely low and very low birth weight. All patients in this group
were found to have disturbances in the diastolic function of the left and right
ventricles of the heart by the type of delayed relaxation. In 10/17 (58.82 + 11.94%)
patients, spontaneous obliteration of the duct occurred at the end of the third month
of life (from 31 to 68 days of life) with gradual normalization of the diastolic
function of the ventricles in the heart at the age of 6-8 months of actual age.

Open oval window functioning was established in 100% of newborns in the
neonatal period: the diameter in Group 1 children was 2.7 = 0.5 mm, Group 2 and
3 -3.5+0.3 mm, Group 4 — 3.5 + 0.4 mm. Spontaneous closure of open oval
window in newborn infants occurred up to 6 months of life in 10/32 (31.25 +
8.19%) and 12/32 (37.5 + 8.56%) children up to 1 year. Spontaneous closure of
open oval window in prematurely born children under one year of age occurred in
21/61 (34.43 + 6.08%). The study showed that the size of open oval window did
not depend on gender, weight at birth, gestation period.

Conclusions:
1) The peculiarities of the development of diastolic function of the heart ventricles

in prematurely born children included diastolic dysfunction by the type of
delayed relaxation, which is typical for the fetus, until the child reaches the

postconceptual age of 39-41 weeks.



2) Normalization of the diastolic function of the heart ventricles occurred in 46/61
(75.41 + 5.51%, p = 0.1-10°®) prematurely born children to 5-6 months of actual
age, in 15/61 (24.59 + 5.51%) children to 6-8 months of actual age.

3) Spontaneous closure of open oval window up to the age of 1 year occured in
22/32 (68.75 + 8.19%, p = 0.009) full-term newborns and in 21/61 (34.43 +
6.08%) preterm infants.

4) Hemodynamically significant patent arterial duct in 58.82 + 11.94% of children
spontaneously closes during the first three months of life.

5) The incidence of myocardial dysfunction in newborns from mothers with
extragenital pathology increased to 89.39 + 3.79% versus 76.67 = 5.46%, p =
0.046 children born from healthy women.

6) The presence of extragenital pathology in mothers, including cardiovascular
disorders, is a risk factor for the development of cardiovascular diseases in
preterm children, which requires dynamic monitoring and monitoring of

hemodynamic status for timely correction of the revealed changes.
Conflict of interest: No conflict of interest.
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CATAMNESTIC OBSERVATION OF CARDIOVASCULAR STATUS
IN PRETERM INFANTS
M.O. Gonchar, A.D. Boichenko
Kharkiv National Medical University, Kharkiv, Ukraine

To identify peculiarities of the diastolic function development of the heart
ventricles in preterm infants following clinical and instrumental examination in the
neonatal period and in the process of catamnestic observation the study involved
examination of 244 preterm infants at gestation age from 26°" to 37°7 weeks.
Control group comprised 100 healthy full-term infants. The study showed that
peculiarities of the development of diastolic function of the heart ventricles in
prematurely born children included diastolic dysfunction by the type of delayed
relaxation, which is typical for the fetus, until the child reaches the postconceptual
age of 39-41 weeks. Normalization of the diastolic function of the heart ventricles
occured in 46/61 (75.41 + 5.51%, p = 0.1:10°) prematurely born children to 5-6
months of actual age, in 15/61 (24.59 £+ 5.51%) children to 6-8 months of actual
age. Spontaneous closure of open oval window up to the age of 1 year occurred in
22/32 (68.75 £ 8.19%, p = 0.009) full-term newborns and in 21/61 (34.43 £+ 6.08%)
preterm infants. Hemodynamically significant patent arterial duct in 58.82 +
11.94% of children spontaneously closes during the first three months of life. The
incidence of myocardial dysfunction in newborns from mothers with extragenital
pathology increased to 89.39 + 3.79% versus 76.67 + 5.46%, p = 0.046 children
born from healthy women. The presence of extragenital pathology in mothers,
including cardiovascular disorders, is a risk factor for the development of
cardiovascular diseases in preterm children.

Key words: preterm infants, myocardial dysfunction, catamnesis.



KATAMHECTHUYHE CIHHOCTEPEKEHHSA CTAHY CEPIIEBO-
CYJIMHHOI CUCTEMH Y NEPEJTYACHO HAPO/[)KEHUX JITEA
['onuape M.O., boituenko A./l.

XapKiBCbKUI HAllIOHAIBHUN MEAUYHUIN YHIBEPCUTET, XapKiB, YKpaiHa.

3 MeTOI BU3HAYEHHS OCOOTUBOCTEW CTAaHOBICHHS A1acTOMIYHOI (PYHKIIIT
IIUTYHOUYKIB CepIsl y TIEepPeaYacHO HApPO/HKEHUX [ITed Ha TIACTaBl KIIIHIKO-
IHCTPYMEHTAJILHOTO JIOCHI/KEHHSI B HEOHATaJlbHUN TepioJl Ta B MpoIleci
KaTaMHECTUYHOTO CIOCTEpEKEeHHsI o0cTexkeHo 244 mepemnyacHO HapOKEHI
JUTUHM 31 CTPOKOM TecTarlii Bij 26%7 110 37%" tuxwuis. Kontponsna rpyma — 100
3I0POBHUX JIOHOIIEHMX HOBOHAPO/KEHMX. 3a pe3yJbTaTaMH JIOCHII>KEHHS
BCTAHOBJIEHO, 10 JIO OCOOJMBOCTEHl CTAaHOBJEHHS [1aCTOMIYHOI (DYHKIIT
IUTYHOUKIB CEepIsl y TEepeayacHO HAapOKEHHX MJITeH BITHOCUTBCS peecTparlis
J1aCTOJIIYHOT TUCPYHKIIT 32 TUIIOM YIOBUIBHEHOI pellakcallli, 0 € XapaKTepHUM
JUISL TUI0J1A, 10 IOCATHEHHS TUTUHOKO MOCTKOHIIENTYaIbHOTO BIKY 39-41 THXIECHB.
Hopwmamizamiss miactoniyHoi (yHKIIT HITyHOYKIB cepisi BiaOyBaeTbess y 46/61
(75,41£5,51%, p=0,1-10'6) nepeayacHO HapoKEHUX JiTed K 5-6  MmicAlro
daktuuHoro BiKy, y 15/61 (24,59+5,51%) niteit — xk 6-8 wmicssM (GakKTUUHOTO
BiKy. CHOHTaHHE 3aKpUTTA BIJKPUTOrO OBAJbHOTO BIKHAa 10 BIKY 1 poky
BiIOyBaeThes y 22/32 (68,75+8,19%, p=0,009) noHo1IEHNX HOBOHAPOIKEHHUX Ta Y
21/61 (34,43+6,08%) mepemyacHo HapopkeHux nitei. Y 58,82+11,94% niteit 3
reMoJinvHaMiuHo 3Hauy1o BAII BinOyBaeThes ii CHOHTaHHE 3aKPUTTS HA MPOTHA3I
NepImnX TPhOX MICAIIB KHUTTA. YacroTra 3ycTpiHanibHOCTI MiOKapAiaibHOI
nuchyHKINT y HOBOHAPOKEHHUX BiJ] MaTepiB 3 EKCTPareHITaIbHOI IMaTOJOTIEI0
3poctae 10 89,39+3,79% npotu 76,67+£5,46%, p=0,046 miTelt HapOIKEHUX BIJ
3I0pOBUX KIHOK. HasiBHICTh y MaTepiB eKCTpareHiTaabHOI MaToJIOTii, B TOMY YHCI1
MaTOJIOTii CepPIIEBO-CYAMHHOI CHCTEMH, € (PaKTOpaMU PU3UKY PO3BUTKY CEPIIEBO-
CYIMHHUX PO3JIaJIIB Y MEePEIUYaCHO HAPOKCHUX JIITEH.

Kuro4oBi ciioBa: nepenuacHo HapOHKEH1 TITH, MioKap liaabHa JUChYHKIIIS,

KaTaMHC3.



KATAMHECTUYECKOE HABJIIOJAEHUE COCTOAHUSA CEPAEYHO-
COCYJUCTOM CUCTEMBI Y HEJJOHOIIEHHBIX JJETEH
I'onuaps M.A., boiiuenko A./l.

XapbKOBCKMI HALIMOHAJIBHBIM MEAUIMHCKUN YHUBEPCUTET, XapbKOB, Y KpanHa.

C menpio ompeAcsieHus OCOOEHHOCTEH CTaHOBJCHHUS UACTOJMYECKOU
GYHKIIAA JKETyT0YKOB CepAla y HEIOHOIICHHBIX JETeH Ha OCHOBAHWH KJIMHHUKO-
WHCTPYMEHTAJILHOTO HCCJIEJOBaHUs B HEOHATAJIBHBIM TEpUOJ M B MPOIECcCce
KaTaMHECTHUECKOTO  HaOmoAeHus  oOcinenoBaHo 244 mpexAeBPEMEHHO
POXICHHBIX pebeHKa co cpokom rectamuu ot 26°7 no 37°7 Henens. KouTposHas
rpynmna - 100 310pOBBIX [TOHONIEHHBIX HOBOPOXIEHHBIX. YCTAHOBIIEHO, YTO K
OCOOCHHOCTSIM CTaHOBJICHUSI JHACTOJIMUECKON (DYHKIIMU KEITYJT0YKOB cepjla y
HEJIOHOIIECHHBIX JIETeH OTHOCUTCSA PETUCTpAIUsl JUACTOIMYECKON TUCHYHKIIMU TI0
TUIY 3aMEJJICHHON pelakcalli, 4TO XapakKTepHO IS IUI0Ja, MO JOCTHUKEHUU
peOEHKOM TMOCTKOHIENTYadbHOro Bo3pacta 39-41 Henmenb. Hopmanuzanus
JIUACTOJIMYECKONH  (PYHKIMHM JKEIyJOYKOB cepama orMedaercs y  46/61
(75,4145,51%, p=0,1-10") HemoHOmeHHBIX meTeil kK 5-6 Mecsuy (HaKTHIECKOTO
BO3pacta, y 15/61 (24,59+5,51%) nereii — k 6-8 mecsiiaMm (pakTHIECKOTO BO3pacTa.
CrnoHTaHHOE 3aKpbhITHE OBAJIBHOTO OKHA B BO3pacTe | rojia 3aperucTpupoBaHO Y
22/32 (68,7548,19%, p=0,009) nOHOMIEHHBIX HOBOPOXICHHBIX W y 21/61
(34,43+6,08%) HenoHomeHHBIX AeTel. CIIOHTaHHOE 3aKPhITHE TeMOIUHAMUYCCKU
3Haunmoro OAII y 58,82+11,94% nerert MpouCXONUT B TEYEHUE MEPBBIX TPEX
MecAIleB >KM3HH. YacToTa BCTPEUAEMOCTH MHOKApAUAIBLHON IUCOYHKIUH Y
HOBOPOX/JCHHBIX OT MAaTEpPEed C SKCTPAar€HUTAJIbHOW NATOJOTHEN BO3PACTAET IO
89,39+3,79% mnpotus 76,67+5,46%, p=0,046 nereil pOXKIAECHHBIX OT 3IO0POBBIX
)KeHIMH. Hanmnuuwe y Marepell SKCTpareHUTaJlbHOM IATOJIOTMH, B TOM YHCIIE
MaTOJIOTHUU CEPJICUHO-COCYIUCTOM CUCTEMBI, SIBIIIETCS (pakTOpaMu prcKa pa3BUTHUS
CEPIICYHO-COCYIUCTHIX PACCTPOMCTB Y HEJOHOUICHHBIX JETEH.

KurwueBble cjioBa: HEJOHOIICHHbIE HOBOPOXKACHHBIE, MHOKapAuaIbHas

Tuc(yHKIIMS, KaTaAMHE3.



