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ABSTRACT

Critically ill neonates who survive are often left with dire consequences. Cerebral palsy, other neurological
and motor deficiencies, intellectual disability, and various degrees of cognitive and behavioral deficien-
cies all result from neonatal critical diseases. We investigated psychomotor development in 20 children
with hypoxic-ischemic encephalopathy (HIE), and as newborns often have multiple comorbidities, the
following as well: HIE with respiratory distress syndrome (RDS), infections, hypo and hyperglycemia
and hypocalcemia. Socio-demographic, pregnancy and delivery data together with appropriate staging
tools in determining the severity of HIE or RDS were utilized in this evaluation. In addition, a physical
examination, Apgar score, blood gas analyses, biochemical, microbiological and ultrasound data were also
part of this study. A child's psychomotor development includes four main areas: motor skills, language,
cognition, and social relationships. The Griffiths Mental Development Scale (GMDS) compares different
developmental domains and enables early diagnosis of deficiencies and guidance for appropriate early
intervention. Six children (30%) were diagnosed with cerebral palsy. GMDS showed that at the age of
one year, 50% of the children had typical development, 5% had mild disability, 20% moderate disability
and 25% had severe disability. The severity of HIE, Apgar score, weak muscle tone, seizures, disturbances
in glucose homeostasis, comorbidities (sepsis, infection) statistically significantly impacted the outcome.
Studies with a greater number of patients are needed to support these findings and enable early interven-
tions to avoid severe consequences of critical illness neonates.

Keywords: critically ill neonates, neurodevelopment, hypoxic-ischemic encephalopathy

INTRODUCTION

Hypoxic-ischemic encephalopathy (HIE),
(especially if combined with respiratory distress
syndrome (RDS), infection) is a frequent cause of
neonatal death. Children who survive are often left
with devastating long-term neurological and mental
impairment [1, 2]. The incidence of HIE is 1.3 to
1.7 per 1,000 live births, accounting for at least
30% of all cases of neonatal encephalopathy in re-
source-rich and 60% in resource-poor countries [3].
In addition, the prevalence of neurodevelopmental
deficits varies depending on the socio-demographic

background of the studied populations [4, 5]. The
rate of severe developmental disabilities, which
include intellectual disability, cerebral palsy, and/or
motor retardation, is proportional to the severity of
HIE. Cognitive impairments may be present even
without motor disability.

Both high mortality and the impactful conse-
quences of critically ill newborns require tools for
precise prediction of outcomes in order to have ev-
idence-based intensive care decisions, for triaging
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infants in follow-up programs, and for identifying
patients for early interventions [6]. Physical exam-
ination, biochemical markers, imaging techniques
and psychomotor scales are used to determine the
severity of HIE (with or without RDS, sepsis) and
to assess the risk of early and late neurodevelop-
mental outcomes.

A child's psychomotor development includes
four main areas: motor skills, language, cognition,
and social relationships [7]. The Griffiths Mental
Development Scale (GMDS) is an appropriate tool
that compares different developmental domains and
enables early diagnosis of deficits and guidance
towards appropriate early intervention [8].

AIM

The aim of this study is to analyze the neu-
rodevelopmental outcome of critically ill infants
with HIE at the age of one year.

PATIENTS AND METHODS

A retrospective-prospective observational
study was conducted in critically ill newborns
born with HIE at the University Clinic for Gyne-
cology and Obstetrics in Skopje and hospitalized
at the Neonatal Intensive Care Unit. This study
was conducted in the period from February 2021
to November 2022. Premature (>26-36 gesta-
tional weeks) and term (>37 gestational weeks)
infants with HIE are included in the study. New-
borns with congenital anomalies, chromosomal
abnormalities, premature newborns <24 weeks
of gestation are excluded from the study.

The criteria according to the American
College of Obstetricians and Gynecologists
(2014) [9] for HIE in acute peripartum or intra-
partum change were used to define HIE in term
newborns. For premature infants, HIE is defined
according to the diagnostic criteria for HIE in
premature infants proposed by Gopagondanahalli
KR etal. (2016) [10]. Amodified Sarnat & Sarnat
scale was used for the severity of HIE (2019) [11]
and the Thompson score system for the severity
of HIE (1997) [12] was used to grade the severity
of HIE. Cranial ultrasonography detected intra-
cranial hemorrhages (ICH) in newborns and they

are classified from grade I-IV according to the
classification by Papile (1978) [13].

Muscle tone, reflexes and seizures were
analyzed in the newborns and a comparison with
the neurological status at the age of one year
was done.

The presence of impaired glucose homeo-
stasis in newborns with HIE in the first 12 hours
of birth was analyzed and the influence of hy-
perglycemia/hypoglycemia on the early neuro-
developmental process in children was evaluated.
Hyperglycemia was defined as glucose >150 mg/
dl or >8.3 mmol/l [14], and hypoglycemia as glu-
cose <40 mg/dl or <2.2 mmol/l [15].

The presence of hypocapnia on the first day
of birth in newborns with HIE was investigated
through the analysis of pCO, from the blood gas
analyses. Moderate hypocapnia was defined as
a pCO, less than 3.3 kPa (24.7 mmHg), and se-
vere hypocapnia as a pCO, less than 2.6 kPa (19.5
mmHg) [16].

Hypocalcemia was analyzed in all critically
ill infants. For term and preterm infants witha BW
>1500 g, hypocalcemia was defined as ionized Ca
<4.4 mg/dL (<1.1 mmol/L) and for preterm very
low BW (VLBW; BW 1000 to <1500 g) and ex-
tremely low BW (ELBW; BW <1000 g) neonates,
hypocalcemia was defined as ionized Ca <4 mg/dL
(<1 mmol/L) [17]. Hypomagnesemia was defined
as serum Mg < 0.66 mmol/l (< 1.6 mg/dl) [18].

The Apgar score [19] at the first, the fifth,
and the tenth minutes was analyzed and compared
with the neurodevelopmental outcome at 1 year of
age. Sepsis, pneumonia, necrotizing enterocolitis
(NEC), RDS and disseminate intravascular coag-
ulation (DIC), as comorbidities in these critically
ill infants were considered risk factors.

The Griffiths Mental Development Scale
(GMDS) was used for the neurodevelopmental
assessment of children aged one year, with analysis
of the following subscales: A-locomotor, B-per-
sonal-social, C-hearing and speech, D-eye and
hand coordination, E-performance [20]. Scores
were estimated for each subscale and an overall
general quotient (GQ) was calculated. A GQ >
90 was considered normal, 80-89 mild disability,
70-79 moderate disability and <70 severe disabil-
ity [21]. The neurodevelopmental assessment was
conducted by a certified specialist for developmen-
tal assessment of high-risk children at the Univer-
sity Clinic for Children's Diseases in Skopje.
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STATISTICAL 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 software
programs Microsoft Excel and SSPS 26. A de-
scriptive analysis was carried out and conclusions
were obtained. Part of these results are the basis
for the calculation of further statistical 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 statistical significance/
insignificance of the differences between the
frequencies of the dependent samples was deter-
mined. Correlation between variables was pro-
cessed with Pearson's correlation test and Sper-
man's rank correlation. A p-value less than 0.05
was considered statistically significant.

RESULTS

Twenty critical ill newborns with HIE and
common neonatal co-morbidities born at the
University Clinic for Gynecology and Obstetrics
in Skopje and hospitalized at the Neonatal Inten-
sive Care Unite between February 2021 and No-
vember 2022 were examined. The group includes
17 premature (>25-36 gestational weeks) and 3
term newborns (=37 weeks of gestation) with
HIE (Table 1). The birth weight is 1757.10+£745
gr, and the gestational age is 31.89+3.63 gesta-
tional weeks. Eleven newborns are boys and nine
are girls (Table 1).

Table 1. Maternal characteristics, comorbidities,
pregnancy and birth

Nationality n(%)
- Macedonian 11 (55%)
- Albanian 7 (35%)
- others 2 (10%)
Education n(%)
-tertiary education 7 (35%)
-high school 8 (40%)
-unknown 5(25%)

Occupation n(%)
- employee 12 (60%)
-unemployed/housewife 8 (40%)
Mother's age 32.89+4.21
Number of pregnancies
V)
n%) 9 (45%)
- second 6 (30%)
) 2 (10%)
- third
1 (5%)
- fourth 2(10%)
- fifth ?
Pregnancy n(%)
- spontaneously 17 (85%)
-IVF et ET 3 (15%)
Mode of delivery n(%)
- vaginal 1 (5%)
- caesarean section 19 (95%)
Infections during
0,
pregnancy n(%) 3 (15%)
-colpitis 3 (10°
. : . (10%)
-urinary infection o
. N 1 (5%)
-chorioamnionitis
Comorbidities in
pregnancy n(%)
-Preeclampsia 2 (10%)
-Pregnancy induced 3 (15%)
hypertension 1 (5%)
- DM gestationes 1 (5%)
-Oligohydramnios
Placenta n(%)
- placental abruption 9 (45%)
- defective placenta 1 (5%)
Fetal distress n(%) 7 (35%)
Gestational age n(%)
Extremely preterm (<28
weeks) o
Very preterm (28—<32 4 (200/0 )
9 (45%)
weeks) o
4 (20%)
Moderate or late preterm 3 (15%)
(32—<36weeks) ’
Term newborn (=37 weeks)
Gender n(%)
Male 11 (55%)
Female 9 (45%)
Birth weight (g) n (%)
<1000 3(15)
1000 — 1500 3(15)
>1500 14 (70)
Birth weight (g) (1863.5 + 867.6) (910
(mean + SD)( min- max) —3885)

The mother's education has no influence
on the neurodevelopmental process at the age of
one year (p=0.21).
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Hypoglycemia was found in 65% of the
patients (1.32+0.82 mmol/l), hyperglycemia in
80% (10.71+2.59mmol/1). Disorders of glucose
homeostasis were found in 45% of children in
the first 24h of life. GMDS found five (55.5%)
children with severe locomotor disability and
in three (33.3%) patients with severe delay in
personal-social development, and in hearing
and speech, eye and hand coordination and
performance. Four (44.4%) children were di-
agnosed with cerebral palsy at the age of one

year. Total GMDS and the five subscales have
an inverse correlation to hyperglycemia (n=15,
r=-0.458 p=0.08), Griffiths B (n=15, r=- 0.472,
p=0.07), Griffiths C (n=15, r=-0.498 p=0.05),
Griffiths E (n=15, r=-0.468 p=0.07). Griffiths A
(locomotor) and D (eye and hand coordination)
were not significantly correlated with hyper-
glycemia (fig.1).

Moderate hypocapnia was observed in
40% of patients in the first 24 hours after birth,
with 22.68+1.0 mmHg, of which three were HIE

HYPERGLYCEMIA (MMOL/L)

-0.468 Grifiiths-E (%)
-0.410 Griffiths=D (%)
-0.498 I Griffiths-C (%)
-0.472 I Griffiths-B (%)
-0.411 I Griffiths=A (%)
-0.458 I Griffiths-GQ(%)
-0.600 -0.500 -0.400 -0.300 -0.200 -0.100 0.000

Figure 1. Correlation between hyperglycemia,
total Griffiths score and the five subscales

grade 1, four with HIE grade 2 and one with HIE
grade 3 according to the modified Sarnat & Sar-
nat severity scale. Half of them (50%) of have
cerebral palsy. Linear regression showed that hy-
pocapnia had no significant influence on neuro-
developmental outcome in one-year-old children
(p=0.31).

Hypocalcemia was detected in 16 (80%)
neonates. At the age of 12 months, GMDS
showed five children (31%) with severe, three
(18.7%) with moderate and one child (6.2%)
with mild developmental affection. Seven pa-
tients (44.1%) had typical development.

Hypomagnesemia was not observed in
this cohort.

Respiratory distress syndrome (RDS) was
detected in 13 (65%) neonates, 53% requiring
surfactant application, and 84% required in-
vasive mechanical ventilation. Three (23%) of
them had severely affected and four (30%) had
moderately affected neurodevelopment. Sepsis,

documented by a positive blood culture and ele-
vated inflammatory markers, was present in 40%
of infants. In this group there were five children
(62.5%) with severely affected and one (12.5%)
with moderately affected neurodevelopment.
Sepsis was significantly more frequent in infants
with a total Griffiths score less than 70 (severe
disability) compared to infants with moderate
disability, mild disability and children with typ-
ical neurodevelopment (p=0.0007). Pearson's
correlation test confirmed a direct correlation
between the sepsis and neurological outcome at
the age of one year (n=8, r=0.579, p=0.007) and
an inverse association with total Griffiths score
(n=8, r=-0.720, p<0.001) (fig. 2). There was
one patient with pneumonia, with typical neuro-
development at age of 12 months. Necrotizing
enterocolitis (NEC) was not observed. DIC as-
sociated with sepsis was detected in three (15%)
neonates, of whom severe neurodevelopment af-
fection was observed in two patients (15%).
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Figure 2. Correlation between sepsis and total Griffiths score

An Apgar score of <3 in the first and fifth
minute was detected in 20% of newborns, and
in the tenth minute in 15%. The analyzed cor-
relation between the Apgar score at the Ist,
5th and 10th minutes and the GMDS (all sub-
scales and the total Griffiths score) presents a
statistically significant association between the
Apgar score at the 10th minute and the loco-
motor subscale-Griffiths A (p=0.047) and with
the total Griffiths score (p=0.046). Spearman's
rank correlation coefficient reported both cor-
relations as positive, i.e. direct (R=0.4320 and
R=0.40455), respectively for the locomotor
subscale and total Griffiths score. Therefore, an
increase in the Apgar score increases the values
of the Griffiths locomotor subscale and total
Griffiths score. Newborns with a higher Apgar
score had better neurological development, and
vice versa (fig. 3 and 4).

Correlations R=0.4320 p<0.05

Griffiths A (%)
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Figure 3. Correlation between the Apgar score at the
10th minute and the locomotor subscale (Griffiths A)

Correlations R=0.4045 p=0 .05
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Figure 4. Correlation between the Apgar score at
the 10th minute and total Griffiths score

In this patient cohort, 70% have a mild
HIE, 20% have a moderate HIE, and 10% have
a severe HIE (modified Sarnat & Sarnat sever-
ity scale). The Thompson score yielded iden-
tical results. In children with mild HIE, eight
(57.14%) have typical neurologic development
and a total Griffiths score >90. Neurologic dis-
orders were detected in six (42.89%) children
with mild HIE at the age of one year, of which
three (21.43%) have cerebral palsy.

Pearson’s analysis confirmed that there is
a significant statistic correlation between Sar-
nat & Sarnat score and Griffiths E (abilities)
(n=20, r=-0.455, p=0.04)(fig. 5).

Transfontanellar ultrasonography detect-
ed intracranial hemorrhage (ICH) in 11 (55%)
infants, hemorrhage of first degree in 5%, sec-
ond degree in 35% and third degree in 15%.
The Griffiths scale found that three (27%) of
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Figure 5. Correlation between Sarnat & Sarnat score and Griffiths score

them had severe neurodevelopment damage at
the age of one year. In the neonatal period for
this group, we observed weak muscle tone in
90%, increased muscle tone in 15%, weak re-
flexes in 50% and seizures in 10%. Pearson's
test showed a statistically significant correla-
tion between week axial muscle tone in chil-
dren and total Griffiths score (n=17, r=0.65,
p=0.002).

Cerebral palsy was diagnosed in six
(30%) children at the age of one year, two with
spastic quadriplegia, two with hypotonic ce-
rebral palsy and two with spastic diplegia. A
direct correlation with weak muscle tone (n=6,
r=-0.642, p=0.002), seizures (n=6, r=0.509,
p=0.022) in the neonatal period and the de-
velopment of cerebral palsy at the age of 12
months was confirmed.

The Griffiths Mental Development Scale
(GMDS) showed that at the age of one year,
50% of the children have typical development,
5% mild disability, 20% moderate disability
and 25% severe disability (table 2). Table 2
shows the values of the GMDS subscales at the
age of one year. All five parts in the Griffiths
scale were significantly affected (from 76.1 to
79.85 out of 100). The locomotor part of the
scale was the most affected, although this was
not statistically significant.

The severity of HIE, Apgar score, hypo-
tonia, seizures, disturbances in glucose homeo-
stasis, comorbidities (sepsis, infection) were
statistically significant and influenced the neu-
rodevelopmental outcome (p>0.001).

Table 2. GMDS subscale values at 1 year of age.

Griffiths subscale 1 year old (n=20) Mean SD Min Max median (IQR)
A-Locomotor 76.1 26.11 29 100 87 (49.5 — 100)
B-Personal-social 79.85 23.54 29 100 83 (70— 100)
C-Speech and hearing 79.25 23.66 25 100 87 (70 — 100)
D-Eye hand coordination 79.55 23.75 29 100 88 (64.5 - 100)
E-Performance /visual-spacial 79.65 25.15 25 100 88 (70 — 100)
General Griffiths (GQ) 78.2 23.8 29 100 88 (67.5—-100)
DISCUSSION

The developmental outcome in children
with HIE is a spectrum of neurodevelopmental
disorders. There is increasing evidence that cog-

nitive deficits can be present in the absence of
motor impairment [22]. These problems can be
detected in the early years and therefore devel-
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opmental follow up of these children is recom-
mended, starting from infancy and continuing
further into childhood.

The prevalence of major developmental
disabilities increases with the severity of HIE
and prematurity. Importantly, moderate to mild
neurodevelopmental disorders can occur in the
absence of major disability in all developmen-
tal domains, including learning disabilities,
language delays, motor coordination disorder,
and behavioral and social interaction problems.
Some problems become apparent during later
school age, when more complex academic and
cognitive skills develop [23]. Overall, these
problems occur in approximately 50% of chil-
dren with HIE grade 2 and 3 according to Sarnat
& Sarnat score in 30-50% of children born under
32 weeks of gestation [24]. We found that in the
group of newborns with HIE grade 2 and 3, ac-
cording to the modified Sarnat & Sarnat score,
66% of the children at the age of 1 year have a
severe form of neurodevelopmental disorder as
assessed with the GMDS. Correlation analysis
between the Sarnat & Sarnat score and the total
Griffiths score and the five subscales confirmed
that there is statistical significance between the
Sarnat & Sarnat score and Griffiths E (perfor-
mance), regarding the manipulation, speed and
precision of the work.

The association of birth asphyxia and cere-
bral palsy showed a large variation from 3% to
50% [25]. In this study, there was a high preva-
lence of cerebral palsy (30%). It is of note that
all five parts that Griffiths investigates were sig-
nificantly affected (table 2) (from 76.1 to 79.85
out of 100). Although the locomotor part seemed
most affected, this was not statistically signifi-
cant when compared to the other parts of Grif-
fiths scale. In these children, a direct correlation
was confirmed with weak muscle tone and sei-
zures in the neonatal period and the development
of cerebral palsy at the age of one year.

We looked further at possible factors influ-
encing the impact on development in those crit-
ically ill newborns. Tomilson (2003) [26], cau-
tions that infants live in an environment that is
very different from that inhabited by the typical
child development researcher. The development
of motor skills appears to be differentially influ-
enced by the home environment, with infants
from lower socioeconomic groups performing
significantly worse than groups with higher so-
cioeconomic status [27]. In this study, unem-

ployed and families with lower education levels
have not been found to have worse neurodevel-
opmental outcomes.

Several studies highlight a favorable out-
come in infants with mild HIE. Mendler et al.
(2018) [28] showed that a Thompson score <10
was associated with normal cognitive function.
Higher Thompson scores have been associated
with death, development of epilepsy, and abnor-
malities in amplitude electroencephalography
[29, 30]. More recent longitudinal studies in the
era of therapeutic hypothermia show that infants
receiving therapeutic hypothermia survive with-
out major disability, including those with mild
HIE, but may suffer from impairments in mem-
ory, intellect, and motor function in later child-
hood. This can be attributed to specific sites and
modalities of brain injury identified in the neo-
natal period [31]. The Thompson score system
for determining the severity of HIE showed that
a mild degree of HIE (Thompson score 0-10)
was observed in 70% of the examined newborns.
This study confirmed that higher Thompson
scores predict worse outcomes. In the group of
children who have a mild degree of HIE, accord-
ing to the Thompson score, eight (57.14%) have
typical neurological development and a Griffiths
score >90. In the systematic review by Conway
et al. (2018) [32], reports that 22% of infants
with mild HIE have an abnormal outcome by age
18 months. They show that approximately one
quarter of infants with mild HIE have an abnor-
mal outcome defined as death, motor or devel-
opmental delay at the age of 18 months. In our
research, six (42.89%) children with mild HIE
had neurological disorders at the age of one year,
of which three (21.43%) had cerebral palsy.

The American Academy of Pediatrics and
the American College of Obstetrics and Gyne-
cology recommend that the Apgar score should
not be used as a predictor of neurodevelopmental
outcome [33], but several studies have confirmed
that a low Apgar score at 10 minutes is signifi-
cantly associated with death or poor neurodevel-
opmental outcome at 18-22 months of age and in
school age [34, 35, 36]. 75% of newborns who
had an Apgar score of 0-3 at 10 minutes die or
have disability at the age of 6-7 years [35]. In
this study Apgar score <3 in the first and fifth
minutes was detected in 20% of the newborns,
and in the tenth minute in 15%. In this study, a
low Apgar score is followed by worse outcomes.
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Cerebral palsy and deviations in all five Griffiths
subscales were detected in 10%.

pH and pCO, are potent modulators of ce-
rebral blood flow in neonates and may contrib-
ute to neonatal brain injury with HIE [37]. The
CoolCap study confirms that hypocapnia is asso-
ciated with an increased risk of adverse outcome
(death or severe neurodevelopmental disability)
at 18 months of age. The probability of an un-
favorable outcome increases dose-dependently
with decreasing PCO,, and hypocapnia is associ-
ated with a higher probability of an unfavorable
outcome in infants with severe HIE, compared
to those with moderate HIE [38]. Pappas A et
al. (2011) [39] found that a cumulative PCO,
exposure of less than 35 mm Hg in the first 12
h of life in infants with moderate to severe HIE
was associated with death or moderate/severe
neurodevelopmental disability at 18—22 months.
This study found that both hypocapnia and high
Sarnat & Sarnat severity score were found to be
linked with less favorable outcomes. Although
50% of children who had hypocapnia on the first
day of birth have cerebral palsy at one year of
age, there is no statistically significant effect of
moderate hypocapnia on neurodevelopmental
outcome in these children.

Both hypoglycemia and hyperglycemia
during the early postnatal period are associat-
ed with adverse outcomes [40, 41]. In patients
with HIE, hypoglycemia in the first 24 hours af-
ter birth is associated with an increased risk of
neurodevelopmental impairment at one-year fol-
low-up [42]. In neonatal hypoxic-ischemic en-
cephalopathy (HIE), hyperglycemia in the first
12 h is associated with poor motor outcome [43].
Postpartum hypoglycemia is associated with the
severity of encephalopathy [44] and in the first
24 [42] and 72 hours [45] with adverse neurode-
velopmental outcomes. The rate of death or se-
vere neurological disability at 18 months of age
1s lowest in normoglycemic infants, intermediate
in hyperglycemic infants, and highest in hypo-
glycemic infants [40]. In this study, variations
in glucose homeostasis during the first 24 hours
in infants with HIE show that 55.5% of infants
have severe motor impairment at one year of
age. There is an inverse correlation between hy-
perglycemia and total Griffiths scale, Griffiths B,
Griffiths C, Griffiths E.

The incidence of intracranial hemorrhage
(ICH) in neonates with HIE varies. Herrera et

al. (2018) [46] had published an incidence rate
of ICH of 38%, Bashir et al. (2018) [47] had in-
cidence rate of 7.8%. Lakatos et al. (2019) [48]
had presented a rate of 36% of ICH in asphyx-
iated infants and reported that ICH in one third
of all cases had no significant effect on neuro-
developmental outcome. In this cohort higher
incidence of ICH was found than previously
observed. There were 27% of children with se-
vere neurodevelopmental outcome at the age of
one year.

Seizures, sepsis, and hypoxic-ischemic en-
cephalopathy had a significant association with
adverse outcome [49]. We found that in infants
with sepsis there is a high rate of neurodevel-
opmental impairment. The analysis confirmed a
direct correlation between sepsis and the neuro-
logical outcome at the age of one year and an
inverse correlation with the total GMDS. There
is also a direct correlation between convulsions
in the neonatal period and the development of
cerebral palsy at the age of one year.

CONCLUSION

A high proportion of children (30%)
were found to have cerebral palsy at the age of
12 months. Only 50% were unaffected, while
among the affected children, all five parts of the
Griffiths scale were negatively impacted. Hypo-
capnia on the first day of birth in these critical
infants is crucial for a neurological outcome. The
severity scoring systems for HIE (Sarnat & Sar-
nat, Thompson score) are good predictive tools
for early child development. Early assessment
of critically ill infants with HIE and comorbid-
ities such as sepsis, RDS, and ICH enables ear-
ly intervention and early inclusion in follow up
programs. Interventions carried out in the first
two years of life, when the brain is maturing and
there is neurodevelopmental plasticity, are of
significant benefits for the future of the patients.
The Griffiths scale, neurological assessment and
follow up are important tools in the early treat-
ment of the consequences of neonatal critical
illness. Taken together with early neonatal treat-
ment, these interventions could bring improve-
ment to the quality of life of the child and the
family. This would certainly be of benefit for the
society as whole.
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Pe3ume

HEBPOJIOIIKHA PA3BOJ HA KPUTUYHO BOJIHU HOBOPOJAEHYNIHA
HA BO3PACT O/ 12 MECEII1

Cama PucroBcka!, 3opan I'yuen?, Banentuna JlykoBcka®

! VHuBep3uTeTCKA KIMHUKA 38 THHEKOJIOTHja M aKyliepcTBo, Meauiacku dakynrer, YauBep3urer ,,CB.
Kupun u Mertonuj* Bo Cxonje, PC Makenonuja

? VHHMBep3UTETCKa KIMHUKA 33 JeTCKH Oonect, MenuuuHcku ¢daxynrer, Yausepsurer ,,CB. Kupun u
Metonuj“ Bo Cromnje, PC Makenonuja

[IpexunBeanuTe KPUTHYHO OOJTHU HOBOPOJICHUHEHA YECTONATH IPEKUBYBAAT CO TEIKU MTOCIIECTUIIH.
LepeOpannara napanusa, Ipyru HEBPOJIOIIKH K MOTOPHH OLITETYBakha, MCHTAIIHA peTapaliija U pa3iinieH
CTElIeH Ha KOTHUTHBHU U OWXEBUOPATHH HEJOCTATOLM CE PE3yITaT Ha HEOHATATHH KPUTHYHH OOJIECTH.
Wcnuranu ce 20 nena co XUMmokcuIHo-ncxeMuyna ernedanomnaruja (XME) u co moBeke KoMopOUaUTETH:
XMUE co pecriuparopen auctpec cuuaapoM (PIC), nadexnnn, Xumo- 1 XuneprimmkeMija i XUITOKaIIHEMH]a.
Bo ananu3ara Ha oBaa rpymna O6ea KOpUCTEHH COIMOeMOTpadCKU MOIATOIIH, TIOIATOIIN 32 OpEMEHOCTa U 32
MOPOJIyBalk-ETO, 3a€IHO CO COOJBETHU METO/IN 32 OIPE/lyBatbe Ha CTaAMYMOT Ha TexkuHaTa Ha XWUE wnn Ha
PJIC. lononHuTEIIHO, BO OBaa CTy/uja Oca KopucTeHn (GU3MKATHUOT Mperiiea, Apgar score, alua0-0a3HuoT
CTaryc, ONOXEMHUCKHUTE U MUKPOOUOIONIKHTE MOAATOIH, KAKO H ITOJATOLUTE OJ1 YATPa3BYYHUTE MPETIICIH.
[1cMxXOMOTOPHUOT pa3Boj Ha AETETO BKIYUyBa YETHPH IJIABHU O0JIACTH: MOTOPHH BEITHHHU, ja3UK, CO3HAHHE
u conujanau ogHocu. Griffiths Mental Development Scale (GMDS) e anarka mro criopeyBa pa3iudaHu
Pa3BOjHU JIOMEHH U OBO3MOXKYBa paHa JijarHo3a Ha JIeQUIIUTHTE U HACOKH KOH COOJIBETHA paHa HHTEPBEH-
uyja. Kaj mect geua (30 %) e nujarHocturupana nepedpaina napanuza. GMDS nokaxa jexka Ha BO3pacT
on enHa ronuHa 50 % of menara mMaat HOpMaseH pas3Boj, S % umaar JecHa rmonpedeHoct, 20 % ymepeHa
norpedeHocT u 25 % umaar Temka nonpedeHoct. Pesynrarute o ckanmute 3a Texunara Ha XME, Apgar
score, XUIIOTOHHMjaTa, KOHBYJI3UHUTE, HApYyIICHaTa TIIMKO3HA XOMEOCTa3a, MPHPYKHATE KOMOPOUIUTETH
Ha XUE (cenca, nHdexmja) nmokaxaa Jieka THE CTATUCTUYKH 3HAYAjHO BIIMjaaT Ha UcxonoT. [TorpeOHu ce
JIOTIOJTHUTEITHH CTYJIUH CO TIOoroJieM Opoj MaIlMeHTH 3a Jia ce TIOAPKAT OBUE HAOAM U JIa ce Mpelu3nupaar
paHHuTe UHTEPBEHIMH ITO Tpeda Ja ce mpe3emar 3a Ja ce n30erHar TeIKUTE IMOCIIEANIH Kaj KPUTHIHO
00THUTE HOBOPOJICHUNIHA.

Kityunu 300poBu: KpUTUYHO OOJIIHI HOBOPOACHUHEA, HEBPOJIOIIKU PA3B0j, XUITIOKCUYHA-UCXEMHYHA
eHuedanonaruja






