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ABSTRACT

Respiratory distress syndrome (RDS) and hypoxic-ischemic encephalopathy (HIE) are frequent causes of
death and disability in neonates. This study included newborns between January 2021 and July 2022 at the
University Clinic for Gynecology and Obstetrics, Skopje. Up to date criteria for HIE/RDS for term and
for preterm infants as well for the severity of HIE/RDS were used in a comprehensive analysis of cranial
ultrasonography, neurological status, neonatal infections, Apgar score, bradycardia and hypotension, X-ray
of the lungs, Fi02, acid-base status, assisted ventilation and use of surfactant.

Three groups were created: HIE with RDS (42 babies), HIE without RDS (30 babies) and RDS without
HIE in 38 neonates. All newborns with severe (third) degree of HIE died. Intracranial bleeding was found
in 35.7% in the first group and 30% in the second group, and in the third group in 53.3%. The need for
surfactant in the HIE group with RDS is 59.5%, and in the RDS group without HIE 84.2%. DIC associated
with sepsis was found in 13.1-50% in those groups. In newborns with HIE and bradycardia, the probability
of having RDS was on average 3.2 times higher than in those without bradycardia.

The application of the surfactant significantly improved the pH, pO2, pCO2, BE and chest X-ray in chil-
dren with RDS. An Apgar score less than 6 at the fifth minute increases the risk of RDS by 3 times. The
metabolic acidosis in the first 24 hours increases the risk of death by 23.6 times. The combination of HIE/
RDS significantly worsens the disease outcome. The use of scoring systems improved the early detection
of high risk babies and initiation of early treatment increased the chances for survival without disabilities.

Keywords: respiratory distress syndrome, hypoxic-ischemic encephalopathy, premature neonates, term
neonates, surfactant

INTRODUCTION

Hypoxic-ischemic encephalopathy (HIE)
occurs when the brain does not receive enough
oxygen, or the blood flow is reduced for a period
of time. These changes occur most often in perina-
tal asphyxia, where besides the brain, other organs
and organ systems may be affected, leading to the
development of multisystem organ failure (MOF).

There is a significant correlation between
the involvement of other organs and the severity of
HIE, and the knowledge of the incidence of such
complications may allow for early intervention
[1]. The degree of damage to other organs and
organ systems is different: heart (43-78%), lungs
(71-86%), kidneys (46-72%), liver (80-85%), he-
matological system (32 -54%) [2].


user
Typewritten text
10.2478/prilozi-2024-0003


20

Sanja Ristovska

Common respiratory manifestations in ne-
onates with HIE are apnea, persistent pulmonary
hypertension of the newborn (PPHN), respiratory
distress syndrome (RDS), meconium aspiration
syndrome (MAS), and pulmonary hemorrhage.
The respiratory management in these neonates is
challenging, as the hypoxic-ischemic event has an
impact on the lung and respiratory function [3].

Hypoxia at birth modifies the physiology
of the newborn’s transition from intra- to extra
uterine life. It affects the increase in the pulmonary
vascular resistance, a decreased pulmonary flow
and persistence of the right-left shunt through the
foramen ovale. In conditions of severe hypoxia,
spontaneous breathing is compromised, causing
apnea and bradycardia [4, 5]. If these long-term
and severe hypoxic-ischemic changes affect the
brain stem directly, it leads to respiratory center
injury and subsequently to respiratory depression
[6].

The pathophysiological mechanism of RDS
in newborns with HIE is associated with metabolic
acidosis and increased capillary permeability of
plasma proteins, which leads to surfactant inac-
tivation [7-9]. The alveolar surfactant deficiency
increases the surface tension in the alveoli, leading
to microatelectases, reduced lung volume, and
reduced gas exchange [10]. Atelectasis damages
the respiratory epithelium, causing a cytokine-me-
diated inflammatory response. Pulmonary edema
develops because of the inflammation [11, 12].
This explains the main reason for the development
of RDS in newborns with HIE.

The clinical signs and symptoms in the
newborn are tachypnea, nasal flutter, grunting,
subcostal, intercostal and substernal circulation,
cyanosis, increased need for oxygen and devel-
opment of acidosis.

Although this condition is more common
in premature infants, it is also found in term in-
fants. The frequency of RDS increases with the
decreasing of the gestational week. 15-30% of
preterm infants between 32—36 weeks of gestation
and 60-80% of infants <28 weeks of gestation
have RDS [13]. In term or near-term newborns,
RDS occurs in 6.8% [14]. A recent study reported
that RDS occurred in up to 75% of asphyxiated,
preterm infants [15].

AIM

The aim of this study is to analyze the RDS
in newborns with HIE and to compare the same
condition in a group of newborns without HIE
and in those who only have HIE.

PATIENTS AND METHODS

This is a retrospective observational
cross-sectional study analyzing newborns with
HIE born at the University Clinic for Gynecolo-
gy and Obstetrics in Skopje, hospitalized at the
Neonatal Intensive Care Unit (NICU). The cohort
includes newborns between January 2021 and July
2022. Premature (>25-36 gestational weeks) and
term (>37 gestational weeks) infants with HIE and
RDS, HIE without RDS and only RDS without
HIE were included in the study. Newborns with
congenital anomalies, chromosomal abnormali-
ties, and premature newborns <24 weeks of gesta-
tion were excluded from the study. The newborns
were grouped into three groups: the first group
HIE with RDS, the second group HIE without
RDS and the third group RDS without HIE.

The criteria we used are in accordance with
the American College of Obstetricians and Gyne-
cologists (2019) [16] for HIE in acute peripartum
or intrapartum changes, as well as the criteria for
term newborns proposed by Gillam-Krakauer M
etal. (2021) [17]. The diagnostic criteria for HIE
in premature infants we used to include infants in
this study were proposed by Gopagondanahalli
KR et al. (2016) [18]. A modified scale of Sarnat
& Sarnat for the severity of HIE (2019) [19] and
the Thompson score system for the severity of HIE
(1997) [20] were used to grade the severity of HIE.

The neurological status (reflexes, tone and
convulsions), bradycardia and hypotension in
newborns were monitored. Through cranial ul-
trasound examination in newborns, intracranial
hemorrhages were detected and classified from
grade I-IV, according to the classification set forth
by Papile (1978) [21].
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RDS was analyzed in newborns with and
without HIE. The following criteria were used to
determine RDS in newborns: Silverman-Ander-
sen Score (1956) for premature newborns [22]
and Downe’s Score (1970) for term newborns
[23], lungs X-ray, FiO2 in the first hour of birth,
the need for mechanical ventilation, the need for
surfactant.

The Apgar score (1952) [24] values in the
first and fifth minutes were monitored in the first
and third groups.

The classification for the RDS severity
after the X-ray findings was made according to
the Giedion scale [25]: stage I-reticulogranular
appearance of lungs; stage Il-reticulogranular
appearance with air bronchograms; stage I1I- re-
ticulogranular ground-glass appearance with air
bronchograms; stage [V- “white lung”.

Natural surfactant (poractant-alfa) in a dose
of 200mg/kg was used for newborns who need-
ed surfactant, administered endotracheally after
previous intubation through an endotracheal tube
or by the LISA (less invasive surfactant adminis-
tration) method.

Neonatal infections (non-specific neonatal
infection, sepsis, pneumonia) were considered as
comorbidity in the examined newborns. Dissem-
inated intravascular coagulation (DIC) accom-
panied by thrombocytopenia and hemorrhagic
diathesis were analyzed in newborns with sepsis.

Through non-invasive monitoring, the vital
functions of all newborns were monitored. The
length of hospitalization in the three groups of
newborns was analyzed. A comparison was made
of the parameters of the blood gas analysis (pH,
pO2, pCO2, HCO3, BE, sO2, lactate) from the
peripheral blood of newborns, before and after the
administration of the surfactant. A RAPID Point
500 Siemens biochemical device was used for the
biochemical analysis of the blood gas analysis.

The data obtained from the medical history
of the newborns were grouped and distributed
accordingly in a database in Microsoft Excel.
The data were processed with the statistical soft-
ware programs Microsoft Excel and SSPS 26. A
descriptive analysis was carried out and certain

conclusions were obtained. Part of these results
are the basis for the calculation of further statis-
tical research. Student’s t-test for two dependent
samples and Student’s t-test for two independent
samples were used to determine the significance
for testing the alternative hypothesis. With a
non-parametric Fisher’s Exact Test, the statisti-
cal significance/insignificance of the differences
between the frequencies of the dependent samples
was determined. A p-value less than 0.05 was con-
sidered statistically significant. The calculation of
the correlation between variables was performed
with binomial logistic regression and multiple
linear regression.

RESULTS

The studied cohort of newborns in the peri-
od from January 2021 to July 2022 at the Univer-
sity Clinic for Gynecology and Obstetrics, at the
Neonatal Intensive Care Unit. The study, included
110 newborns divided into three groups. In the
first group there were 42 newborns with HIE and
RDS. 4 of them were term (=37 weeks of gesta-
tion), and 38 were premature (>25-36 weeks of
gestation). The second group included 30 new-
borns with HIE, but without RDS. In this group,
6 were term and 24 were premature newborns.
There were 38 premature newborns with RDS
without HIE in the third group. The birth weight
for the newborns of the first group is 1715.7 £
762.037g, and the gestational age is 31.55+3.54
gestational weeks. The second group of newborns
has a birth weight of 2228.2 + 685.32¢g, and a ges-
tational age of 34.87+2.33 gestational weeks. In
the third group, the birth weight of the newborns
is 1461.71+£418.09g, and the gestational age is
30+ 1.88 gestational weeks. The stratification of
the weeks of gestation [26], the gender distribu-
tion and the delivery mode of the newborns from
the three groups are shown in Table 1. Diabetes
mellitus gestations in mothers of newborns with
RDS from the first group (HIE with RDS) was
found in 4.7%, and in the third group (RDS with-
out HIE) is 5.2%.
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Table 1. Gestational weeks, gender distribution and delivery mode of the newborns in the three groups

Group IT (HIE

Gestational weeks 51124112[)’ 1 (HIE with RDS) Xllil;(());lt RDS) v(jft(;ll:)?ltl IIIII(11<21)D(1S1=38)
fj;g?:é{(gfii{,‘% 5 (11.9%) / 2 (5.2%)
(Vzeéffiit@réﬁm, 0 (%) 18 (42.8%) / 20 (52.6%)
ggfigag;’vgélﬁ;e Ill’r(f,;f)”n 15 (35.7%) 24 (80%) 16 (42.1%)
(Tgr;‘;:‘;ﬁ‘)’“; ) 4(9.5%) 6 (20%) /

Gender

Male, n (%) 14 (33.3%) 12 (40%) 22 (57.9%)
Female, n (%) 28 (66.6%) 18 (60%) 16 (42.1%)
Delivery mode

Sectio Caesarea, n (%) 35 (83.3%) 26 (86.7%) 27 (71.1%)
Vaginal, n (%) 7 (16.6%) 4 (13.3%) 11 (28.9%)

The severity of HIE, according to the mod-
ified Sarnat & Sarnat scale, has the same values
of' 1.40 + 0.627 in the first group (HIE with RDS)
and in the second group (HIE without RDS). In
the first group, there are 66.6% with first degree
HIE, 26.1% with second degree HIE and 7.1%
with third degree HIE. Newborns from the sec-
ond group have the following distribution of the
weight of HIE: 66.6% first degree, 26.6% second
degree and 6.6% third degree.

According to the Thompson Score, the fol-
lowing results were obtained for the severity of
HIE in the first group of newborns: mild degree (0-
10) in 66.6%, moderate degree (11-14) in 26.1%,
severe degree (>15) in 7.1%. In the second group,
according to the Thompson Score, there are 83.3%
with mild degree (0-10), 10% with moderate de-
gree (11-14), 6.6% with severe degree (>15).

The binomial logistic regression predicted
the probability of RDS occurrence and the se-
verity of HIE according to the modified scale of
Sarnat & Sarnat and the Thompson Score. At the
same time, the probability of occurrence of RDS
in newborns increases by 2,046 times, with each
unit increase in the value of the Thompson Score
for the severity of HIE (mild degree 0-10). For
the Sarnat & Sarnat severity scale of HIE, on the
other hand, the Odds Ratio value is 0.059, signi-

fying that the probability of occurrence of RDS
in newborns decreases by 0.06 times with each
unit increase in the Sarnat & Sarnat score. The
association of the Thompson Score (moderate
grade 11-14) with the occurrence of RDS was
examined Fisher’s Exact Test and it was found
to be statistically insignificant (r = 374, which
is greater than 0.05).

From the available data of neurological
symptoms, convulsions are found in 4.8% of
newborns in the first group (HIE with RDS).
Hypotonia dominates in this group with 92.9%,
and weakened reflexes are present in 57.1%. In
the newborns of the second group (HIE without
RDS), convulsions were found in 20%, hypotonia
in 86.7% and weakened reflexes in 40%. In the
third group (RDS without HIE) convulsions were
found in 6.6%.

Through non-invasive monitoring of the vi-
tal parameters of the cardiovascular system, bra-
dycardia was observed in 40% in the second group
(HIE without RDS) and hypotension in 20%. In
the first group, bradycardia is present in 14.3% of
newborns, and hypotension in 21.4%. No brady-
cardia with hypotension was found in the second
group of newborns, while in the newborns from
the first group, the combination of bradycardia
with hypotension was found in 4.72%.
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From the neurological symptoms (convul-
sions, hypotonia, weakened reflexes), bradycardia
and hypotension in newborns with HIE, through
binomial logistic regression, it is confirmed that
only bradycardia has an impact on the occurrence
of RDS. That is, if bradycardia occurs, the proba-
bility of getting RDS is on average 3.2 times high-
er than if it does not occur. However, this effect
is borderline statistically significant (p = 0.053).

Intracranial hemorrhages were detected
through cranial ultrasonography, and in the new-
borns of the first group (HIE with RDS) they were
found in 35.7%, where grade I in 4.7%, grade Il in
28.5%, and grade III in 8.3%. In the second group

of newborns (HIE without RDS) the intracranial
hemorrhages are present in 30%, and grade I in
6.6%, grade II in 16.6%, and grade III in 6.6%.
In the newborns from the third group (RDS with-
out HIE) intracranial hemorrhages was found in
53.3%, and grade I in 16.6%, grade II in 30% and
grade III in 6.6%.

38 newborns from the first group (HIE with
RDS), 27 from the second group of newborns
(HIE without RDS) and 35 newborns from the
third group (RDS without HIE) needed respira-
tory support. Table 2 shows the need for invasive
and non-invasive respiratory support in the three
groups.

Table 2. The need for invasive and non-invasive respiratory support among the newborns in the three groups

. Group II (HIE Group III (RDS
Group I (HIE with RDS) iy, ¢ RDS) without HIE)
Invasive respiratory support (SIPPV, o o o
SIMV, PSV), n (%) 30 (71.4%) 19 (63.3%) 29 (76.3%)
Non-invasive respiratory support 8 (19%) 8 (26.7%) 6 (15.8%)

(nCPAP, SNIPPV), n (%)

There were no deaths in the newborns who
needed non-invasive mechanical ventilation, but
the mortality rate among newborns from the first
group (HIE with RDS) on invasive mechanical
ventilation was 9.5% (n=4), and among newborns
from the second group (HIE without RDS) it was
3.3% (n=1), and the third group has no deaths.

Surfactant in the newborns of the first group
(HIE with RDS) was applied in 25 (59.5%) new-
borns, 23 (92%) premature and 2 (8%) term new-
borns. In the group of 25 infants who received
surfactant, there were 2 deaths, and in the group
of 17 infants who did not receive surfactant, 3
infants died. An odds ratio value of 2.2 indicates
that among children with RDS who did not receive
surfactant, the risk of a fatal outcome was 2.2
times higher (120%) than those who did.

Determining the severity of RDS in new-
borns was performed with the Respiratory Se-
verity Score, Silverman-Andersen for premature
neonates and the Downe’s Score for term neo-
nates. The average Silverman-Andersen Score
for the first group (HIE with RDS) is 5.63+1.53
SD, and the average Downe’s Score is 6 +1 SD.
In the third group (RDS with HIE) the average
Silverman-Andersen Score is 5.39 +£1.22 SD.

Using multiple linear regression to deter-
mine the correlation between the Silverman-An-
dersen Score and the parameters from the blood
gas analyzes (pH, pO2, pCO2, HCO3, BE, sO2,

lactate) before the surfactant application, it was
shown that with an increase of one unit at pO2,
the Silverman-Andersen Score decreases by 0.084
times, and with an increase of one unit of sO2,
the Silverman-Andersen Score increases by 0.055
times. The correlation analysis between the Silver-
man-Andersen Score and the blood gas analysis
parameters (pH, pO2, pCO2, HCO3, BE, sO2,
lactate) after surfactant application showed that,
with the increase of pH, the Silverman-Andersen
Score decreases.

When analyzing the association between the
need for mechanical ventilation and a high Silver-
man-Andersen Score (>5), it was found that there
1s no statistically significant association between
the invasive mechanical ventilation and the Sil-
verman-Anderson Score >5, (Fisher’s Exact Test
=2.757, p = 0.675, which is greater than 0.05),
as well as between the non-invasive mechanical
ventilation and the Silverman-Anderson Score >5,
(Fisher’s Exact Test =2.757, p = 0.763, which is
greater than 0.05).

The difference of the arithmetic means of
the blood gas parameters before and after the
administration of surfactant was tested in the first
group of newborns (HIE with RDS) and in the
third group (RDS without HIE) by applying the
Student’s t-test for two dependent variables. The
difference between the arithmetic means, before
and after the surfactant administration, in the first
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group is statistically significant for all parameters
of'the blood gas analyses, except for the lactates
(r=0.657, which is greater than 0.05). The differ-
ence between the arithmetic means of the blood
gas parameters, before and after the surfactant
administration, in the third group is statistically
significant for pH (p = 0.000), pO2 (p = 0.001),

pCO2 (p =0.000) and BE (p = 0.004). It is not
significant for HCO3 (p = 0.255), lactates (p =
0.183) and sO2 (p =0.561). Table 3 summarizes
the arithmetic means and standard deviations
(SD) of the blood gas parameters before and after
the administration of surfactant in the first and
in the third group.

Table 3. Arithmetic means and standard deviations (SD) of blood gas analysis before and after surfactant

application in the first and third groups

Group I (HIE with RDS) Group III (RDS without HIE)
Before After Before After

surfactant surfactant p surfactant surfactant p

mean+SDS mean+SDS mean+SDS mean+SDS
pH 7.19+0.80 7.29+0.87 p=0.00 S 7.25+0.79 7.34+0.52 p=0.00 S
p0O2 42.14+11.82 55.87£15.08 p=0.00 S 39.62+13.52 57.13+£22.13 p=0.01S
pCO2 57.75£10.36 44.54+9.2 p=0.00 S 56.52+11.27 41.22+6.25 p=0.00 S
HCO3 19.21£3.00 20.36+2.22 p=0.044 S 23.19+3.31 22.50+1.90 p=0.255 NS
BE -8.82+5.95 -6.82+5.73 p=0.00 S -4.76+3.44 -2.96+2.07 p=0.04 S
Lactate 6.038+3.61 5.80+4.09 p=0.657 NS 3.16+3.1 9.07+23.0 p=0.183 NS
sO2 75.0+19.71 87.53+10.02 p=0.00 S 79.924+15.99 83.47+27.26 p=0.561 NS

Comparing the blood gas parameters for
the significance of the difference between the
arithmetic means before the surfactant applica-
tion, with the Student’s t-test for two independent
samples between the first and the third group, it
was determined that the differences between the
arithmetic means are statistically significant for
the pH (p = 0.008), HCO3 (p = 0.000), BE (p =
0.000) and lactates (p = 0.003). The same blood
gas parameters after the application of surfactant
between the first and third groups, show that the
differences between the arithmetic means are sta-
tistically significant for the pH (p=0.019), HCO3
(p =0.000) and BE (p = 0.001).

The lung X-rays of the newborns with RDS
(first and third group) were analyzed before and
after the surfactant application. The distributions
of lung X-ray before and after the surfactant ap-
plication are statistically significantly different
(Fisher’s Exact Test=37.732; p=0.000), which
indicates that after the surfactant administration,
the lung X-rays significantly improved.

The arithmetic mean value of F102 require-
ment in the first hour of birth in newborns with
HIE and RDS (first group) is 52.88 +26.47 SD, for
newborns with HIE without RDS (second group)

50.62 + 21.19SD and for newborns with RDS
without HIE (third group) 38.47 £9.91 SD.

The average duration of hospitalization of
the newborns in the first group is 41.01 £26.3
days, in the second group 22.23 +11.96 days, and
in the third group it is 42.74 +16.304 days. Based
on these subsections, a statistically significant dif-
ference was found for the average duration of hos-
pitalization between the infants with RDS and the
infants without RDS (r = 0.000). In other words,
the hospitalization lasted significantly longer for
infants with RDS compared to those without RDS.

The risk of the occurrence of RDS at a low
Apgar score in the first and the fifth minute was
determined by binomial logistic regression. The
value of the odds ratio (Odds Ratio) of 3.011
shows that if the Apgar score is less than 6 at the
fifth minute, the risk of RDS in newborns increas-
es by 3 times, than if the Apgar score would be
greater than 6. Also, the odds ratio showed that
the risk of RDS in newborns will be 2.73 times
higher if the Apgar score is less than 6 in the first
minute than if it is greater than 6.

During the analysis of the metabolic acido-
sis and the outcome in newborns from the first and
the second group, it was found that the odds ratio
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is 23.6250, meaning that the probability of death
in newborns, who will have acidosis in the first 24
hours after birth, is 23.6 times higher, compared
to the newborns without acidosis. This result is
statistically significant (r = 0.0026).

The number of neonatal infections is high.
Infections in newborns from the first group (HIE
with RDS) are represented in 90% (non-specific
neonatal infection 47.6%, sepsis 38.1%, pneumo-
nia 4.8%). The disseminated intravascular coag-
ulation (DIC) in sepsis, followed by thrombocy-
topenia and hemorrhagic diathesis was found in
43.7% of newborns in this group. In the newborns
of the second group (HIE without RDS), the rate
of infections is 83.3% (non-specific neonatal in-
fection 53.3%, sepsis 26.7%, pneumonia 3.3%).
In this group, DIC in combination with sepsis was
found in 50% of the newborns. In the third group
(RDS without HIE), 50% of the newborns had a
non-specific neonatal infection, 36.8% had sepsis,
2.6% pneumonia. DIC in combination with sepsis
in this group was found in 13.1%.

In the cohort of 42 newborns with HIE
and RDS, the mortality rate is 9.5%, and in 30
newborns with HIE without RDS, it is 3.3%. All
infants with a fatal outcome had severe (third)
degree of HIE, according to the modified classifi-
cation of Sarnat & Sarnat. Only 2 dead newborns
with HIE and RDS from the first group had a
non-specific neonatal infection. There were no
deaths from sepsis and pneumonia. But if we con-
sider all infections together (sepsis, pneumonia
and non-specific neonatal infections) and children
without infections, the Fisher’s Exact Test shows
that, statistically, the infections are significantly
associated with the death outcome (p = 0.012).
The cranial ultrasonography in term newborns
with HIE and RDS showed signs of periventricu-
lar hypoxic zones and cerebral edema in 50%, but
there were no signs of intracranial hemorrhage.

DISCUSSION

Worldwide, 13 million infants are born
preterm, and almost one million die within 1 month
[27]. Neonatal mortality in North Macedonia for
the year 2020 was 4.7 per 1,000 live births [28],
which is higher than in the developed countries
and in some countries in the region. According
to the WHO, the most common causes of neo-
natal mortality in 2020 were prematurity (34%),

respiratory and cardiovascular diseases (11%),
infections (8%), congenital anomalies (6%) and
perineal asphyxia (5%) [29].

In developed countries, the incidence of
HIE is 1.5 per 1000 live births [30]. Newborns
suffering from HIE have complications in other
organs as well [31]. HIE was observed in 9.4%
of the total treated newborns at our NICU in the
period from January 2021 to July 2022.

From a pathophysiological point of view,
pulmonary manifestations in neonates with HIE
include increased pulmonary vascular resistance,
pulmonary hemorrhage, pulmonary edema fol-
lowed by secondary heart failure, and decreased
surfactant production with development of RDS
(hyaline membrane disease) [32].

Risk factors for the development of RDS
are premature birth, white race, male gender, late-
preterm infants, diabetes in the mother, perinatal
hypoxia-ischemia and delivery by provocation
[33, 34]. Also, cesarean delivery may favor the
onset of RDS [35]. In this study the first group of
newborns with HIE and RDS, preterms (90.5%)
are dominant, of which 35.7% are late-preterm.
Female newborns (66.6%) are predominant (boys
33.3%). In the third group (RDS without HIE)
42.1% are late-preterm. In this group, the male
gender dominates with 57.9%. All newborns of
the first group have perinatal hypoxia-ischemia.
Cesarean delivery is a more common way of de-
livery in the first (HIE with RDS) and third group
(RDS without HIE) of newborns. Diabetes mel-
litus gestations among mothers in the first group
(HIE with RDS) was found in only 4.7%, and in
the third group (RDS without HIE) it was 5.2%.

An equal risk was observed in newborns
with moderate and severe form of HIE, in terms of
respiratory complications [36]. According to the
Sarnat & Sarnat score system for severity of HIE,
respiratory disorders are common in moderate and
severe form of HIE [37]. In this study in the first
group of newborns, RDS is the least represented
(7.1%) in the severe form of HIE according to the
scale of severity of HIE by Sarnat & Sarnat. It is
of note that the Sarnat & Sarnat severity scale of
the HIE calculated that the probability of RDS
decreases by 0.06 times, with each unit.

The Thompson Score for the severity of HIE
in the first 4 days provides predictive information
on mortality, respiratory disorders and feeding
problems [38]. In this study, the probability of
RDS in newborns increases 2,046-fold with each
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unit increase in the Thompson Score for the se-
verity of HIE.

When comparing the two used scales for
the severity of HIE, Sarnat & Sarnat and Thomp-
son score, it was found that the representation of
newborns with mild, moderate, and severe degrees
of HIE, according to the modified scale for the
severity of HIE by Sarnat & Sarnat, is identical
to the Thompson score of light (0- 10), moderate
(11-14), severe (=15) HIE.

Intracranial hemorrhages are the most com-
mon type of brain injury in neonates, especially in
neonates with RDS [39]. Helwich E et al. (2017)
provide data on intracranial bleeding in newborns
with RDS 0f 49.4% [39], whereas in the study by
Kinikar U, Dhanawade S. (2018) the incidence of
intracranial bleeding is 22% [40]. In this study,
intracranial hemorrhages had an incidence of
35.7% in the first group (HIE with RDS), which
is nearly identical to the incidence of a recent
study published by Arkin N et al. (2023) which
is 38.2% [41]. Grade II intracranial hemorrhages
is dominant in all three groups.

Bradycardia without apnea is always asso-
ciated with changes in respiratory function and
may precede severe respiratory symptoms [42].
Binomial logistic regression confirms that only
bradycardia has an impact on the occurrence of
RDS. This means that if bradycardia occurs, the
probability of getting RDS is on average 3.2 times
higher than if it does not occur. However, this
effect is only borderline statistically significant
(p = 0.053).

Fi02 is a parameter for assessing the sever-
ity of respiratory insufficiency and monitoring the
dynamics of RDS [43]. Dargaville P et al. (2013)
and Gulczynska E et al. (2019) confirmed that
increased capacity demand above 30% in the first
hours of life is associated with numerous negative
effects. [44, 45]. The need for oxygen in the first
hour is higher in newborns with HIE and RDS
(first group) compared to the rest, which has an
impact on the overall further treatment of these
newborns.

Hospitalization of newborns with RDS in
the USA averages 31.3 days, and the costs are
about $55,000 for insured patients [46]. In the
studied groups, it has been shown that infants with
RDS have a longer hospitalization, more than 40
days, compared to infants without RDS, and the
treatment burden is higher. This study confirmed
the lengthier hospital stay in babies with RDS.

Infections are frequent in the three studied
groups: 90% of the newborns from the first group
(HIE with RDS) and 83.3% in the second group
(HIE without RDS). Sepsis is dominant among
newborns from the first group with 38.1%. Recent
studies have reported that neonates with perinatal
asphyxia have a 17,308-fold higher risk of ear-
ly neonatal sepsis compared to neonates without
perinatal asphyxia [47].

Sepsis/infections and hypoxic-ischemic en-
cephalopathy are dominant risk factors for DIC in
the neonatal population. Although there is a lack
of data confirming the incidence of DIC in term
and preterm infants, the prevalence is concerning
among hospitalized patients in neonatal intensive
care units [48]. In this study, DIC in association
with sepsis was found in 43.7% of newborns in
the first group (HIE with RDS), 50% in the second
group (HIE without RDS) and 13.1% in the third
group (RDS without HIE).

Newborns with an Apgar score <7 at the
fifth minute have a high probability of developing
RDS [49]. An Apgar score, less than 6 at the fifth
minute in this study was found to increase the risk
of RDS by 3 times.

The Silverman-Andersen Score is an easy
and simple tool to determine the severity of re-
spiratory distress in newborns. The arithmetic
mean value of the Silverman-Andersen Score in
premature infants of the first group in this study
1s 5.63 £1.53 SD, which indicates a moderate
degree of RDS. A strong association with the need
for respiratory support in infants with a high Sil-
verman-Andersen Score (>5) has been confirmed
[50], but this study found no statistically signif-
icant association between invasive/non-invasive
mechanical ventilation and a Silverman-Anderson
Score >5. On the other hand, analyzing the cor-
relation between the Silverman-Andersen Score
and the parameter from the gas analyses (pH, pO2,
pCO2, HCO3, BE, sO2, lactati) after surfactant
application, it was shown that by improving the
pH value, the Silverman-Andersen Score decreas-
es.

Management and treatment of infants with
RDS includes the monitoring of oxygenation and
ventilation, respiratory support, exogenous surfac-
tant, and supportive care. Approximately 50-70%
of asphyxiated infants without pulmonary effects
require mechanical ventilation [51]. The need for
mechanical ventilation due to RDS is 52.77%, and
due to HIE is 12.5% [52]. In this study, 71.4% of
newborns with HIE and RDS needed invasive
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respiratory support, and 19% needed non-invasive
ventilation. In contrast, in newborns with HIE
without RDS, the need for invasive respiratory
treatment is represented by 63.3%, and non-in-
vasive ventilation in 26.7%. Mortality was also
noted in these two groups only in neonates on
invasive mechanical ventilation of 9.5% in the
first group and 3.3% in the second group, which
is higher (1.8%) compared to the study by Raha
BK et al. (2020) [53], but lower compared to less
developed countries (100%) [54].

In this study 59.5% (n=25) babies from the
first group (HIE with RDS) were treated with
exogenous natural surfactant 200mg/kg. In this
group, the risk of a fatal outcome is 2.2 times
higher (120%) among those who did not receive
surfactant. There is also an improvement in gas
analysis parameters (pH, pO2, pCO2, HCO3, BE
and sO2) after surfactant application in the first
group (HIE with RDS). In the third group there
is an improvement in pH, pO2, pCO2, BE before
and after the surfactant application, as well as
an improvement in radiographic findings in both
groups. This is confirmed by several studies and
a systematic review of 13 randomized controlled
trials associated with the surfactant application
derived from animal origin in newborns with
RDS, with a significant improvement in oxygen-
ation, the need for ventilation and a reduction in
pneumothorax, mortality and bronchopulmonary
dysplasia at 28 days, compared to a placebo group
[55, 56].

In this study, the probability of death in
newborns with metabolic acidosis in the first 24
hours after birth is 23.6 times higher, compared
to newborns without acidosis. De Bernardo G et
al. (2020) gives similar results. Neonatal acidosis
was correlated with an increased risk of admission
to neonatal intensive care units, hypoxic ischemic
encephalopathy, respiratory distress syndrome,
multiple organ dysfunction, and neonatal death
[57]. In addition, Ma H et al. (2021) reported that
neonatal metabolic acidosis is associated with
poor clinical outcomes [58].

Martin-Ancel A. et al. (1995) have pub-
lished that 6% of the newborns died due to re-
spiratory system involvement [59]. Shankaran S
et al. (1991) reported a mortality rate of 7% with
pulmonary involvement [60], while in the study
of Rohit V et al. (2018) the mortality of asphyx-
iated newborns with respiratory complications is
50% [32]. In the studied cohort of HIE newborns
with RDS (first group) the mortality rate is 9.5%,

with all dead newborns having a severe degree
of HIE. In diseased babies with HIE and RDS,
periventricular hypoxic zones and cerebral edema
were found in 50%. The frequency of infection
among the newborns in this study is high. Com-
paring children with infections (sepsis, pneumonia
and non-specific neonatal infections) and children
without infections, this study showed that infec-
tions were statistically significantly associated
with mortality.

Despite the recent advances in the under-
standing of the pathogenesis of HIE, it remains
difficult to predict which infants will develop fur-
ther respiratory complications. Appropriate preg-
nancy control and lowering the number of preterm
births will reduce the general incidence of RDS.
Apparently, early detection and appropriate treat-
ment of RDS in newborns with HIE will reduce
the damage to the lungs and the consequences of
lung affection. The use of scales for the severity
of HIE (Sarnat & Sarnat and Thompson scores) is
helpful for early detection of severe HIE/RDS and
their timely treatment. Neonatal infections are still
unacceptably frequent. Hence, reducing premature
births and neonatal infections is essential to reduce
the number of children with HIE/RDS and lower
the general neonatal mortality.
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Pe3ume

PECIIMPATOPEH JUCTPEC CUHAPOM (PAC) KAJ HOBOPOJEHYUNILATA
CO XUINIOKCUYHO-UCXEMUNYHATA EHINE®AJIOITATHJA (XHUE)

Cama PucroBcka

VYHUBEp3UTETCKA KIMHUKA 32 THHEKOJIOTHja M aKyllepcTBO, MeaunHCKH (akynTer, YHuBep3urer ,,CB.
Kupun u Mertonuj* Bo Cxonje, PC Makenonuja

Pecrtmmparopuunor auctpec cuuapom (PIC) n xumokcuano-ucxemuyaHara enmedanonaruja (XHUE)
ce yecTa MpuYrHa 3a CMPT U HHBATMIAUTET Kaj HOBOpoAeHUHbaTa. OBaa cTynuja ordaka HOBOPOICHINHA
ponenu Mery janyapu 2021 u jynu 2022 roguHa Ha YHHBEP3UTETCKATa KIIMHUKA 32 THHEKOJIOTHja B aKy-
mepcTBo, Ckormje. Bo ceondarna ananmsa Ha KpaHHjalHaTa YITpacoHOTpaduja, HEBPOIOIIKHOT CTATyC,
HEOHATATHUTE MHPEKINH, ATITap-CKOPOT, OpaInKapanjaTa U XUIOTEH3HjaTa, PeHTeH Ha OeTnTe TPOOOBH,
Fi02, anmmo-0a3HUOT cTaTyc, MeXxaHMYKaTa BEHTWIANNja M yIoTpedara Ha cypdakTaHt, 0ea KOPUCTCHH
HajaoBuTe kpurepuymu 3a XNE/PJIC 3a TepMHHCKH 1 32 HEIOHOCEHU HOBOPOJICHIHHA, KAKO U CKAIUTE
3a TexxnHara Ha XWE/PIC .

Kpeupanu ce tpu rpymu: XUE co PAIC (42 noBoponenunma), XUE 6e3 PIIC (30 HoBopoaeHUNHa)
u PJIC 6e3 XUE kaj 38 HoBoponeHunma. CuTe HOBOPOJCHUIHIHLA CO TekKOK (TpeT) creneH Ha XME nouu-
Haa. IHTpakpaHujaIHO KpBaBewe ¢ OTKpUeHO Kaj 35,7 % Bo npeara rpyma, 30 % kaj BTopara rpymna u Bo
Tperara rpymna kaj 53,3 %. [Torpedara ox cypdaxrant Bo rpynara XHME co PAC e 59,5 %, a Bo rpynara
PJIC 6e3 XUE — 84,2 %. JIUK nosp3an co cernca ¢ nponajueH kaj 13,1-50 % Bo oBue rpynu. Kaj HOBO-
ponenunmara co XUE u Opagukapauja, BepojaTHocTa 3a qoouBame Ha PJIC Ou Ouna 3,2 naru norosiemMa
OTKOJIKY Kaj OHHe 0e3 Opaaukap/uja.

[Ipumenara Ha cypdaxranToT 3HaunTenHO v o700pu pH, pO2, pCO2, BE u penaren-rpaduure
Ha OenuTe ApOOOBHU Kaj HOBOpoAeHuHmaTa co PIC. Anrap-ckopor momain o 6 BO MeTTara MHHYTa TO
sronemyBa pu3ukoT 3a PJIC 3a 3 matu. MerabonHara anumo3a Bo npBute 24 4aca ro 3rojeMyBa PH3HKOT
o1 cMpTHOCT 32 23,6 natu. KomOunanujara Ha XME/P/IC 3HaunTeHO TO BIIOIIYBa UCXOJ0T Ha OoJiecTa.
VYnorpebara Ha ckopuHr-cuctemu 3a TexxuHara Ha XWE ro mogoOpyBaar paHOTO OTKpHBamb€ Ha HOBO-
POACHYMIbATA CO BUCOK PU3UK M 3aIIOYHYBAHETO HA paH TPETMaH, CO IITO C€ 3rojieMyBaar IaHCUTE 3a
MIPEKUBYBame 0€3 MOMPEUeHOCT.

Kuy4ysu 360poBH: peciMpaTtopeH AUCTPEC CHUHAPOM, XMIIOKCHYHO-UCXEeMHUYHA eHLedanonaruja,
[peMaTypH1 HOBOPOACHUYHIHA, JOHOCEHN HOBOPOICHUHIbA, Cyp(aKTaHT



