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Predictors of development and progression
of diabetic peripheral polyneuropathy in children
with type 1 diabetes mellitus

Abstract. Background. Currently, unified strategy for preventing or treating diabetic peripheral polyneuropathy
(DPN) in children has not yet been identified. Therefore, establishing risk factors for the development and progression
of this complication is the basis of treatment and preventive measures. The purpose was to determine predictors of
the development and progression of DPN in children with type 1 diabetes mellitus using factor and cluster analyses.
Materials and methods. The study involved 103 children with type I diabetes mellitus aged 10 to 17 years who were
divided into 2 groups: group 1 (n = 50) without signs of DPN, group 2 (n = 53) with DPN. In order to identify the
pathogenetic factors that most determine the development of DPN in children with type 1 diabetes, factor analysis was
performed using the principal component method and hierarchical cluster analysis was conducted using the method of
intergroup relations. Results. As a result of the factor analysis, 4 factors were identified that determine the development
of DPN in children with type 1 diabetes. The contribution of these factors to the total variance was 82.52 %. The leading
mechanisms of DPN development in this cohort mellitus were identified, among which the priority contribution was
made by chronic hyperglycemia with glycemic control with a high risk to life, insulin resistance, child’s age, impaired
peripheral circulation, duration of the course and age of manifestation of diabetes mellitus, development of diabetic
myopathy. The specified factors formed 3 clusters, which logically complemented each other and confirmed their role
in the development of DPN in children with type 1 diabetes. Conclusions. The results of the analysis demonstrate the
multifactorial etiology of DPN in children with type I diabetes mellitus. Prediction of DPN in pediatric patients should
be based on the identification of both non-modifiable (age of manifestation and duration of the disease, age and gender
of the child) and modifiable factors (hyperlipidemia, development of insulin resistance, reduction in skeletal muscle
mass, and impaired microcirculation).

Keywords: diabetes mellitus; neurological condition; diabetic neuropathies; risk factors; factor analysis; cluster ana-
lysis; children

Introduction

Diabetic neuropathy is a common complication of dia-
betes mellitus, the most frequent form of which is peripheral
polyneuropathy (DPN), occurring in 45 % of patients with
type 2 diabetes and 54 % of those with type 1 diabetes [1—3].
The results of the studies indicate a progressive increase in
the incidence of DPN in children over time, in particular, its
subclinical stages [4]. However, despite the widespread pre-
valence of diabetic peripheral polyneuropathy and the clear
influence of hyperglycemia on the development of diabetic

neuropathy, there is currently no unified concept regarding
the pathogenetic factors behind the development of this
complication in children with type 1 diabetes. Therefore, a
unified strategy for preventing or treating DPN in children
has not yet been identified. Therefore, raising physician
awareness regarding the early detection and elimination of
modifiable risk factors and the development of treatment
and preventive strategies are essential to addressing the in-
creasing incidence of diabetic peripheral polyneuropathy in
children with type 1 diabetes.

© «3popos'a gutukny / «Child's Health» («Zdorov'e rebenka»), 2025
© Bupaseub 3acnascobkmit 0.1). / Publisher Zaslavsky 0.Yu., 2025
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The purpose was to determine predictors of the develop-
ment and progression of diabetic peripheral polyneuropathy
in children with type 1 diabetes mellitus using factor and
cluster analyses.

Materials and methods

The study involved 103 children with type 1 diabetes
mellitus aged 10 to 17 years, with an average of 13.6 £ 0.2
years, who were divided into 2 groups: group 1 (n = 50,
average age 13.24 + 0.37 years) — children without signs
of neuropathy, group 2 (n = 53, average age 14.19 £ 0.35
years) — children with DPN.

The diagnosis of type 1 diabetes mellitus was established
in accordance with the Standard of Medical Care “Diabe-
tes mellitus in children” (Order of the Ministry of Health of
Ukraine No. 413 dated February 28, 2023) [5].

The presence and extent of diabetic peripheral polyneu-
ropathy were assessed based on the severity of symptoms
using the Clinical Neurological Examination Scale [6] and
the Modified Pediatric General Neuropathy Scale [7].

Muscle mass in the observation groups was determined
up to 14 years of age using the A.M. Peters formula [8]:

MM = 3.8 % 0.0215 x m*%*?x h®723,

where MMp — muscle body mass, kg; m — body weight, kg;
h — height, cm.

Starting from the age of 15, the P. Boer formula was used
to determine muscle mass, which took into account the
child’s gender [9].

For girls:

MM=0.252xm+47.3xh-48.3,

where MMp — muscle body mass, kg; m — body weight, kg;
h — height, cm.
For boys:

MM=0.407 xm+26.7 xh-19.2,

where MMp — muscle body mass, kg; m — body weight, kg;
h — height, cm.

To quantitatively assess the state of muscle mass, we used
the skeletal muscle index (SMI) expressed as a percentage
and calculated using the formula [10]:

SMI = (skeletal muscle mass / body mass) x 100.

The ankle-brachial index (ABI) was determined at rest
and after physical activity (performing 20 squats at a free
pace) by sequentially measuring the arterial systolic pressure
(ASP) in the upper and lower extremities using a semi-auto-
matic tonometer [11].

ABI = ASP on the a.tibialis posterior /
ASP on the a.brachialis.

In addition to clinical examinations, children in the
observation and comparison groups underwent a series of
laboratory tests, including blood cholesterol, triglyceride,

glucose, and glycated hemoglobin levels. To indirectly assess
insulin resistance, the triglyceride-glucose (TyG) index was
calculated using the formula [12].

TyG = In [fasting triglycerides (dg/mL) x
x fasting glucose (dg/mL)]/ 2.

Insulin resistance was diagnosed when the TyG index
was determined to be higher than 4.33 arb. units [13].

All research was carried out in a quiet room at a stable
temperature (20—22 C).

Mathematical analysis and statistical processing of
the data were performed on a PC using the licensed Sta-
tistic for Windows 13.0 software package, serial number
JPZ8041382130ARCN10-J. To identify hidden common
factors that most influence the development of DPN and
determine the structure of the relationships between them,
factor analysis using the principal component method was
performed, followed by orthogonal rotation of the factor
axes using the VARIMAX method. The Spearman correla-
tion matrix with the determination of the factor loading of
the studied indicators was chosen as the basis for modeling
for the selection of factor complexes. The scree method and
the Kaiser criterion (the eigenvalues of each factor should
exceed 1) were used to determine the minimum number of
common factors in the model. Variables with a high factor
loading on the complex (over 0.6) were used for the selection
of indicators.

In order to identify typical combinations of leading
pathogenetic factors in the development of DPN in children
with type 1 diabetes mellitus, a hierarchical cluster analy-
sis was applied using the method of intergroup relationships
with subsequent construction of a dendrogram.

When planning the study, approval was obtained from
the regional bioethics commission of the Zaporizhzhia State
Medical and Pharmaceutical University. All procedures in-
volving children complied with the ethical standards of the
institutional and national research committees, the 1964
Declaration of Helsinki and its amendments, or comparable
ethical standards set forth in the Belmont Report (April 18,
1979), adhering to the following principles: self-protection,
parental knowledge and consent, and assessment of the risks
of harm and benefit. Informed consent was obtained from
all study participants and their legal guardians.

Results

To determine the pathogenic factors that most influ-
ence the development of DPN in children with type 1
diabetes, a factor analysis was conducted to identify the
principal components (factors), which represent a combi-
nation of pathogenic factors that have the strongest impact
on the development of the pathological process. The pa-
tient’s medical history was analyzed, taking into account
the duration of diabetes, age of onset, gender and age of
the child, glycemic control, and glycated hemoglobin le-
vels. Signs of insulin resistance (cholesterol, triglyceride,
and TyG index levels), peripheral circulatory status before
and after physical activity (ABI), and the skeletal muscle
index as an indicator of diabetic myopathy were also taken
into account.
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As a result of factor analysis using the scree plot method,
four factors were identified that determine the development
of DPN in children with type 1 diabetes mellitus (Fig. 1).
The contribution of these factors to the total variance was
82.52 %, with the first two factors accounting for 54.61 % of
the variance (Table 1).

Based on the conducted analysis, a matrix of factor loa-
dings was formed (Table 2).

The conducted analysis of the identified factors in the
group of children with diabetic myopathy showed that the
first factor, which determined 32.48 % of the variance, was
occupied by the group factor, which combined 4 potential risk
factors: 1) the level of glycated hemoglobin (factor loading
0.898); 2) the state of glycemic control (0.828); 3) the con-
tent of triglycerides (0.802) and the triglyceride-glucose index
(0.889). This factor was defined by us as the metabolic factor.

The second-ranked factor, accounting for 22.13 % of the
total variance, was a group factor combining two initial po-
tential risk factors and associated with the child’s age and
the ankle-brachial index. This factor was interpreted as the
vascular factor.

The third-ranked group factor, with a 16.68 % of the vari-
ance share, was interpreted as the anamnestic factor. Within

The conducted factor analysis allowed us to determine
the leading mechanisms of DPN development in children
with type 1 diabetes mellitus, among which the most impor-
tant contribution was made by chronic hyperglycemia with
glycemic control with a high risk to life, insulin resistance,
the age of the child, duration of the course and age of mani-
festation of diabetes mellitus, impaired peripheral circula-
tion, and the development of diabetic myopathy.

Based on the data obtained, a hierarchical cluster analy-
sis of the leading factors in the development of DPN was
performed. Then three clusters were identified in the stu-
died sample of pathogenetic factors in the development of
diabetic peripheral polyneuropathy in children with type 1
diabetes (Fig. 2).

The hierarchical cluster analysis clearly demonstrates
that, at the initial stage, an associative relationship is
formed between indicators of glycemic control, lipid me-
tabolism (total cholesterol and triglycerides), and insulin
resistance (TyG index), followed by the addition of a pe-
ripheral circulatory status indicator. The content of these
components, in turn, is influenced by the duration of dia-
betes (cluster 1).

this group, two baseline risk factors were identified that had
the highest factor loading: diabetes duration (factor loading 4
of 0.804) and age at disease onset (factor loading of —0.978).
The fourth factor combined serum total cholesterol
(factor load 0.877) and skeletal muscle mass index (factor 37
load 0.900). This factor was assessed as a morpho-functio- "
nal factor. %
227
Table 1. Eigenvalues of factors and percentage S
of total variance R
Percentage | Cumulative 1
Eigenvalues of total percentage !
I of factors variance of total ;
(%) variance (%) 0+ H
1 3.57 32.48 32.48 1 2 3 4 5 6 7 8 0 10 m
2 2.44 2213 54.61 Component number
3 1.84 16.68 71.29 Figure 1. Graph of eigenvalues of factors
determining the development of DPN in children
4 124 11.28 82.52 with type 1 diabetes mellitus
Table 2. Factor loading matrix
Indicators Factor 1 Factor 2 Factor 3 Factor 4
Gender 0.605
Age 0.922
Duration of diabetes 0.804
Age of onset of diabetes -0.978
Glycated hemoglobin 0.898
Glycemic control 0.828
Cholesterol 0.877
Triglycerides 0.802
ABI 0.766
SMI 0.900
TyG index 0.889
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Figure 2. Dendrogram of cluster analysis using
the method of intergroup relationships of the leading
pathogenetic factors in the development of DPN
in children with type 1 diabetes mellitus

Subsequently, based on the cluster grouping results, an
agglomeration was formed consisting of the child’s age, age
at diabetes onset, and glycated hemoglobin level (cluster 2).
The resulting structure is reflected in a hierarchical tree of
different branches, and this cluster emphasized the initial
role of chronic hyperglycemia in the development of DPN
in children. The resulting linear relationships were comple-
ted by the skeletal muscle index, which, together with the
indicators of clusters 1 and 2, formed a single agglomeration
(cluster 3).

Moreover, the components of the formed clusters logi-
cally complement each other and confirm their role in the
development of diabetic peripheral polyneuropathy in chil-
dren with type 1 diabetes mellitus.

Discussion

The results of our study indicate that the development of
DPN in children is caused by complex factors that are inter-
related and lead to nerve damage, with hyperglycemia being
the main factor. The role of hyperglycemia in the development
of diabetic peripheral polyneuropathy has been investigated in
several clinical trials, the results of which indicate a significant
association between HbAlc levels and DPN in patients with
diabetes [14, 15]. The results of the conducted factor and clus-
ter analyses convincingly demonstrated that long-term hyper-
glycemia and poor glycemic control were the determinants
in nerve damage and the development of DPN in children.
Therefore, achieving optimal glycemic control is the primary
goal in preventing the development and progression of DPN,
as well as treating it in children with type 1 diabetes.

Another leading modifiable factor that may be asso-
ciated with the development of DPN is hyperlipidemia,

particularly triglyceridemia. However, the mechanisms by
which plasma triglycerides influence DPN remain unclear.
A mouse study demonstrated that triglycerides impair pe-
ripheral nerve function and contribute to the development
of DPN [16]. In the studies of M. Jaiswal et al. (2018), it
was found that risk factors for the development of diabetic
autonomic cardiopathy in type 1 diabetes, in addition to
poor glycemic control, included elevated triglyceride le-
vels [17]. However, other scientists did not find a significant
connection between hypertriglyceridemia and an elevated
triglyceride index with the development of DPN [18]. Our
study demonstrated that hypertriglyceridemia and high tri-
glyceride levels are closely associated with the development
and progression of DPN in children with type 1 diabetes. We
also found that elevated triglyceride levels are a risk factor
for insulin resistance, for which triglyceride content is a sen-
sitive marker in children with diabetes [19, 20]. Insulin re-
sistance is accompanied by impaired neurotrophic support
and is another potential mechanism for nerve damage and
the development of DPN in diabetes mellitus, and damaged
nerves cause neuronal insulin resistance [21].

Chronic hyperglycemia and insulin resistance contribute
to vascular damage through various pathophysiological pro-
cesses [22]. Today, DPN is considered a microvascular com-
plication of diabetes, along with nephropathy and retinopathy
[23]. Abnormal changes in endoneurial capillary morphology
and vascular reactivity in diabetes may contribute to the de-
velopment of diabetic neuropathy through endoneurial ische-
mia [21]. As a screening test for identifying peripheral circu-
lation disorders in children with diabetes mellitus, we used the
definition of the ABI, the indicator of which was included in
the second group of factors of the general matrix.

Unlike other diabetic microvascular complications,
DPN may be directly related to muscle dysfunction, since
muscles are innervated by peripheral nerves and their func-
tions are controlled by nerve activity [24]. Impaired pe-
ripheral circulation, in turn, leads to the prevalence of ca-
tabolism over anabolism in muscle tissue, which increases
skeletal muscle fatigue and causes a decrease in muscle
strength and muscle mass [25, 26]. Numerous studies, in-
cluding a meta-analysis by Y. Zhang et al. (2020), have
shown that skeletal muscle is the primary organ for glu-
cose utilization, as muscle can improve insulin sensitivity
by releasing bioactive peptides such as myokines, thereby
protecting against metabolic disorders. This finding may be
beneficial for restoring nerve function and improving nerve
conduction. Conversely, decreased muscle mass was associ-
ated with adverse metabolic consequences that could exac-
erbate neuronal damage [27]. According to available data,
DPN correlates with decreased muscle mass, but the causal
relationship between the two factors is not entirely clear
[28]. It has also been shown that signs of muscle atrophy
preceded significant loss of peripheral nerve sensation [29].

Skeletal muscles are one of the main regulators of carbo-
hydrate and lipid metabolism in human body [30]. There-
fore, a decrease in muscle mass leads not only to a disruption
in carbohydrate metabolism, but also to the development of
dyslipidemia with an increase in the level of triglycerides
and cholesterol [31]. Elevated cholesterol has been identi-
fied as a potential risk factor for the development of DPN.
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early onset and, correspondingly, a lon-

ger disease duration (r = —0.32, p < 0.05).
These findings complement those of other
studies that have found a significant asso-

ciation between DPN and diabetes dura-
tion in children and adolescents with type

Non-modifiable
factors

1 diabetes [37]. According to a 2017 Asian-
Indian study, among children with type 1
diabetes, there was an approximately two-

fold rise in the prevalence of DPN with an
increase in diabetes duration from 5—10 to

more than 10 years (5—13 %) (p < 0.0001)

[38]. The risk of developing DPN increases

Modifiable I:B:l factors

with the onset of puberty. Recent research
indicates a critical impact of puberty on
the incidence of DPN in children, and
puberty is considered the age period when
pediatricians should be especially alert for

Hyperglycemia
Hyperlipidemia

Insulin
resistance

the development of DPN in children with
type 1 diabetes [37]. Although early-onset
diabetes is characterized by a more aggres-
sive course [39], to date no studies have

been conducted on the relationship be-

Muscle mass

reduction

Diabetic
peripheral

Microcirculation

tween the age of diagnosis of diabetes mel-
litus and the incidence of DPN.

There are numerous reports from dif-
ferent countries that have observed sig-
nificant differences in the sex ratio in the

disorders

polyneuropathy

determinism of metabolic diseases [40]. In
experimental models obtained in rats, it
was noted that the use of estradiol protects

Figure 3. Risk factors underlying the development of diabetic
peripheral polyneuropathy in children with type 1 diabetes mellitus

H. Zhang et al. (2023) identified a link between hypercho-
lesterolemia and specific neuronal damage, with the effect
of elevated cholesterol on peripheral nerve conduction ve-
locity in patients with type 2 diabetes being entirely medi-
ated by elevated HbAlc levels [32]. An analysis of the results
of clinical trials on pharmacotherapy for DPN showed that
lowering cholesterol and triglyceride levels slowed the rate of
progression of diabetic neuropathy [33].

It has been established that when determining risk factors
for DPN in children with type 1 diabetes, it is essential to con-
sider non-modifiable factors such as age at onset and dura-
tion of diabetes, gender, and age. Recent advances in genetic
knowledge and treatment methods for type 1 diabetes have
shown that age at onset is a marker of heterogeneity in type 1
diabetes. This clinical heterogeneity is reflected in differences
in the risk of complications, which is associated with a wide
range of factors, from hyperglycemia and long-term diabetes
to race, ethnicity, and socioeconomic factors [ 34]. Younger age
is associated with higher risk and faster progression through
disease stages, as well as with different histological characte-
ristics, immunological patterns, and genetic influences. Older
age and lower HbAlc levels at diagnosis suggest a slower loss
of C-peptide [35]. In turn, better preserved residual beta cell
function ensures a lower risk of diabetes complications [36].

Our study demonstrates that the incidence of DPN in
children with type 1 diabetes was higher among those with

pancreatic islets from multiple metabolic
and proinflammatory lesions iz vivo, resto-
ring the immunomodulatory functions of
natural killer cells [41]. At the same time, a Japanese study
found a higher incidence in girls aged 0—19 years. These re-
sults may indicate that childhood- and adult-onset type 1 dia-
betes have different developmental mechanisms [42]. Another
study found that women, compared to male patients, have an
increased risk of developing painful symptoms of neuropathy;,
as well as more frequent neuropathy symptoms such as pares-
thesia and loss of sensation in the feet [43].

Therefore, based on the results of the analysis of factor
loadings and the conducted cluster analysis, it was found that
the development of DPN in children is caused by complex fac-
tors that are interconnected and lead to nerve damage (Fig. 3).

Traditionally, hyperglycemia and poor glycemic control
are the main risk factors for DPN. Furthermore, age at on-
set and duration of diabetes, puberty, and female gender fur-
ther increase the risk of DPN. Hyperlipidemia, the develop-
ment of insulin resistance, decreased skeletal muscle mass,
and impaired microcirculation are modifiable risk factors
for DPN, and addressing these factors, along with correc-
ting hyperglycemia, should be a key target for preventing
and treating nerve damage in children with diabetes.

Conclusions

1. Based on the results of the studies, a multifactorial eti-
ology of diabetic peripheral polyneuropathy in children with
type 1 diabetes mellitus was established.
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2. Prediction of diabetic peripheral polyneuropathy in
children with type 1 diabetes mellitus should be based on
the determination of key indicators, namely non-modifiable
(age of onset of diabetes mellitus, duration of the disease,
age and gender of the child) and modifiable factors (hyper-
lipidemia, development of insulin resistance, impaired mi-
crocirculation).

Prospects for further research include the creation of
a mathematical model for predicting diabetic peripheral
polyneuropathy in children with type 1 diabetes mellitus
in order to identify patients at high risk of developing this
complication and implement timely treatment and preven-
tive measures.
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NexxeHko I.O., CrinbHnK M.C.

3aropi3bkn AEPIKABHUN MEAMKO-OQAPMALIEBTUYHK YHIBEPCUTET, M. 3QrOPKXKS, YKPQIHO

MpeAnKTOpPU PO3BUTKY T NPOrPECYBAHHS Aic6eTUYHOT nepndepudHoOi noAiHenponarii
B AiTen i3 LyKpoBuUM Aia6eTom 1-ro tuny

Pe3iome. Axryanbnicth. Ha choroani Hemae eamHoi cTparerii
3anobiraHHs aiadetuuHiit nepudepuuniii nonineitponarii (JAIMTH)
a00 11 JTiKyBaHHSY AiTeli, TOMY BU3HAUEHHST (PaKTOPIiB PU3UKY PO3-
BUTKY Ta MIPOTPECYBaHHS 1IbOTO YCKJIAAHEHHS € MiATPYHTSIM s
PpO3pO0OKK JTiKYBaJIbHO-TIpodiIakTMuHUX 3axoais. MeTa: Bcra-
HOBUTH TPEAMKTOPU PO3BUTKY Ta nporpecyBanns AITH y niteit,
XBOpMX Ha IIyKpPOBUI HiabeT 1-ro TUIy, 3a pe3yJbTataMu (pakTop-
HOTO Ta KJIacTepHoro aHanizis. Marepiaim Ta meromu. ITix cro-
cTepeXkeHHsIM 3Haxomutocss 103 malieHTH 3 LyKPOBHMM JiabeToM
1-ro tuny BikoMm Bix 10 1o 17 pokis: 1-ma rpyna (n = 50) — aitu
0e3 o3HaK Helponatii, 2-ta rpyna (n = 53) — niT 3 1iabeTUIHOIO
nepudepruyHOoIO ToJliHelpornarieto. s BU3HAYeHHs IMaTOreHe-
TUYHUX (PAaKTOPIB, 1110 HAMOLIbIIE BILIMBAIOTh Ha po3BuTOK JITTH
y aiteit i3 LyKpoBUM JiabeToM 1-To Ty, MpoBeaeHuit (akTop-
HMIA aHaJIi3 METOIOM TOJIOBHUX KOMITOHEHT Ta i€papXidyHUii Kiac-
TepHUI aHaJi3 3 BUKOPUCTAHHSIM METOIY MiIKTPYIOBUX 3B’SI3KiB.
PesyabTaTi. Y pesynsrati npoBeneHOro hakTOpHOrO aHai3y BUIi-
JieHo 4 (pakTopwu, 1110 BU3HaYa0Th po3BuToK JIITH y miteit, xBopux
Ha LYKpOBUIi miabeT 1-ro Turry. BHeCOK 11X (hakTopiB y 3arajbHy

mucrepcito ctaHoBuB 82,52 %. Byno BM3Ha4YeHO MpPOBiAHI Mexa-
HizmMu po3Butky JAITH y 1iit Koropti, cepen sikux HaiOTbII 3HA-
YYIIAMU OyJIM XpOHIYHA TiMepriiikKeMis 3 TJIiKeMiYHUM KOHTPOJIEM
3 BUCOKHM PU3UKOM JIJIST SKUTTSI, iHCYTIHOPE3UCTEHTHICTh, BiK M-
TUHU, MOPYLIEHHSI NepruGepUIHOro KpoBoOOiry, TpPUBAIIiCTh Tepe-
6iry Ta Bik MaHiecTallii IlyKpoBOTro iabeTy, pO3BUTOK /1iabe THIHOL
miorarii. O3Ha4yeHi (haKTOpU CTAaHOBUJIM 3 KjIacTepH, SIKi JIOTIYHO
JIOTIOBHIOBAJTY OJIMH OTHOTO Ta MiATBEPKYBAJIH IX POJIb Y PO3BUTKY
JITH y niteit, XBOpUX Ha IyKpoBMii aiabet 1-ro tumy. BucHoBKu.
3a pesysibraTaMu MpoBeIeHOro aHasli3y oka3aHo 6arato(akTopHy
etiojorito ITTH y aiteii i3 mykpoBuM miadetom 1-ro tury. [IporHo-
3yBaHHsI po3BUTKY JIITH y miteii moBuHHO Oa3yBaTuCs Ha BU3HA-
YeHHi sIK HemonudikoBaHMX (BiK MaHidecTallii Ta TpUBAJIICTh T1e-
pebiry 3aXBoprOBaHHS, BiK i CTaTh IMAlli€HTA), TaK i MOTM(DIKOBAHUX
(axTopiB (rimepimnigeMisi, iHCYTIHOPE3UCTEHTHICTh, 3MEHIIICHHS
CKeJIETHOI M’130BO1 MacH 1 TTOPYILIEHHS MiKPOLIMPKYJISILIii).
KiouoBi cioBa: uykposuit niabeT; HeBpOJOriYHUII CTaH;
niabeTyHa HelipornaTisi; dakTopu pu3uKy; (haKTOPHUI aHai3;
KJIaCTCPHUI aHaJIi3; OiTh
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Hemoglobin and IL-6 in stunted children with tuberculosis

infection receiving oral nutritional supplement:
one-group pre-test/post-test design

Abstract. Background. Undernutrition due to tuberculosis (TB) infection is high in children and is often accompanied
by micronutrient deficiency resulting from insufficient nutritional intake such as iron deficiency anemia. Undernutrition
also caused a decrease in IL-6, making children vulnerable to the infection. This study was aimed at analyzing the effect
of oral nutritional supplements on hemoglobin, interleukin (IL)-6 levels, weight and length increment in stunted children
with TB. Materials and methods. A pre-experimental study with one-group pre-test/post-test design was conducted
Jfrom October 2022 to July 2023 in a private hospital, Surabaya, East Java, involving stunted children with TB infection
aged 12 to 60 months. The statistical analysis included descriptive statistics (mean % standard deviation or n (%)), inde-
pendent sample T-test or Mann-Whitney U test, and paired sample T-test or Wilcoxon sign rank test, depending on the
normality. Results. A total of 29 subjects were enrolled in this study, with a mean age of 25.40 = 11.30 months. 58.62 %
of subjects were aged below 24 months old, and 41.38 % were aged between 25 and 60 months. No significant difference
was seen in IL-6 and hemoglobin before and after the intervention. The average hemoglobin level before the intervention
was 12.07 £ 1.22 mg/dL, and after the intervention it was 12.00 %= 1.09 mg/dL, while for IL-6, these indicators were
125.76 £ 116.87 and 122.41 + 104.43 ug/L, respectively (p = 0.441). Conclusions. Oral nutritional supplements inter-

vention for 90 days did not affect IL-6 and hemoglobin levels of children with TB.
Keywords: tuberculosis; stunted growth; IL-6; anemia; hemoglobin

Introduction

Stunting is caused by the chronic undernutrition [1], de-
fined as low length/height-for-age based on sex, or length/
height-for-age less than —2.00 standard deviation (SD)
based on the World Health Organization (WHO) child
growth standards [2]. Stunting risk factors include socioeco-
nomic one, maternal health and nutrition, recurrent infec-
tion, nutritional intake for infants and children, parent’s/
caregiver knowledge [3, 4], and fetal growth [5]. Tubercu-
losis (TB) infection is the most common infection globally,
affecting more than two billion people. Mycobacterium tu-
berculosis is the leading cause of death due to infection, with
the mortality of 1.6 million per year. The trend per year is
increasing [6], particularly in Asia. Indonesia is in second
place after India in terms of TB prevalence [7], and 11 % of
9 million TB infection cases are children. Malnutrition due
to TB infection is high in children, with the mortality of 2.2
million globally [8].

Undernutrition is one of TB risk factor, causing the in-
crement of death due to drug toxicity [9]. Undernutrition
refers to children with underweight, stunted or wasted, or
with nutrient deficiency. This makes them vulnerable to in-
fection [10]. Also, undernutrition is often accompanied by
micronutrient deficiency due to insufficient nutritional in-
take, both macro- and micronutrients. One of micronutri-
ent deficiency affecting children with stunted growth is iron
deficiency anemia. Also, infection increases proinflamma-
tory cytokines such as interleukin (IL)-6, but undernutri-
tion also caused a decrease in IL-6. The condition leads to
the vulnerability to the infection [11, 12]. It is described as
cycle correlation between infection and undernutrition. In-
fection also causes the hepcidin stimulation, leading to a de-
crease in iron absorption in the duodenum, so anemia and
hypoferremia occur [13].

Tuberculosis requires regular treatment for the infec-
tion and nutritional support containing adequate protein,
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with a protein-energy ratio of 8—15 %, to promote rapid
weight gain (catch-up), so that length and height will follow
an increase in body weight linearly. If weight gain is rapid
and meets dietary standards, length and height will return to
normal [14]. Nutritional supplementation is also intended
to address micro- and macronutrient deficiencies in TB pa-
tients. Research in various countries has shown that oral nu-
tritional supplements (ONS) provide positive results in cases
of malnutrition, and patients with malnutrition have repor-
tedly experienced catch-up [15, 16]. Meanwhile, other stu-
dies showed that ONS intervention for 6 months decreased
the rate of anemia (29.2 to 10.4 %), hypoalbuminemia (82.1
to 20.8 %) and zinc deficiency (66.0 to 29.2 %) in children
aged 24 to 48 months [16]. ONS contain sufficient macro-
and micronutrients to meet the daily needs for children with
high risk of undernutrition [17] and increase the nutritional
intake, in particular protein and calories [18], to improve
nutritional status [19]. However, there are few studies exa-
mining the effect of ONS on stunted TB patients in Indo-
nesia. Furthermore, stunting evaluation is not limited to an-
thropometric parameters, but also includes other indicators
such as hemoglobin (Hb) and IL-6. Therefore, research is
needed to investigate the effect of ONS on Hb and IL-6 in
Indonesian stunted children with TB. This study was aimed
at analyzing the effect of ONS on Hb, 1L-6 levels, weight
and length increment in stunted children with TB.

Materials and methods
Study design

A pre-experimental study with one-group pre-test/post-
test design was conducted from October 2022 to July 2023 in
a private hospital of Surabaya, East Java. It involved children
with stunted growth suffering from TB infection diagnosed
by a pediatrician based on TB score criteria. Subjects were
children visiting outpatient installation in Husada Utama
Hospital who were eligible according to inclusion and ex-
clusion criteria. Inclusion criteria: age of 12 to 60 months,
stunting based on LAZ/HAZ, TB infection. Patients who
were found to have fluid retention disorders, organomegaly,
tumor masses, congenital disorders, and cerebral palsy based
on anamnesis and physical examination were excluded.

Sample size
The sample size for the study was calculated using the
sample size formula for a single proportion:

2

Z,_,+Z,_,)xo)
- opl-p2
where n is minimum sample size, Z, _ is standard normal
distribution value (Z-table) at a specific o (0.05) = 1.96,
Z,_,is standard normal distribution value (Z-table) at a spe-
cific B (80 % = 0.84) and 90 % = 1.28, ¢ is variance value in
the population, 1 — u2is estimated difference in the mean
value in population 1 and population 2.

Since there is no research examining ONS effect on IL-6
and Hb in children aged 1—5 years with stunting and TB in-
fection, the level of validity of IL-6 and Hb content was de-
termined to be 50 %. If in this study the level of validity of
1L-6 and Hb level in those who received ONS is 75 %, then
the sample size calculation was 24. To anticipate the pre-

n=

sence of research subjects who drop out during the research,
a non-response correction is carried out using the formula

below:

1
m=nTE

where 7 is sample size before correction, fis non-response
rate estimated at 10 %, n’is sample size after correction.

Based on this formula, a minimum of 30 research sub-
jects were required for this study.

ONS intervention

The intervention was provisioned after the researchers
received the inform consent that have been signed by the
children parents/caregiver. Before the recruitment, subjects
who came to the outpatient installation were enrolled for
the anthropometric measurements by the nurses as the stan-
dard rule of the hospital. This included body weight, length/
height, and head circumference, resulting on weight-for-age
(WAZ), length-/height-for-age (LAZ/HAZ), and weight-
for-length/-height (WLZ/WHZ) Z-score based on sex us-
ing the WHO child growth standard.

Based on these results, the researchers diagnosed the
children were stunted when LAZ/HAZ was < —2.00 to
—3.00, severely stunted when < —3.00; underweight when
HAZ < —-2.00to —3.00, severely underweight when < —3.00;
wasted when WLZ/WHZ < —2.00 to —3.00, severely wasted
when < —3.00. After getting the inform consent, the re-
searchers prescribed ONS for 15 days and suggested blood
investigation in the hospital laboratory. After 15 days of
ONS consumption, the subjects were asked to visit the doc-
tors for evaluation and then prescribed with ONS for the
next 15 days. At day 30, children were asked for the next
evaluation and anthropometric measurements, and then
prescribed again for 30 days. Similar circles were repeated

Subject recruitments

> Anthropometric
measurements

A\ Y
Complete blood test ONS prescription for
and blood collection 15 days

15" day intervention

Y

Doctor’s visit, evaluation, ONS prescription &
anthropometric measurements

30" day intervention
Y

Doctor’s visit, evaluation, ONS prescription &
anthropometric measurements

60" day intervention
Y

Doctor’s visit, evaluation, ONS prescription &
anthropometric measurements

90" day intervention

Anthropometric Complete blood test
measurements and blood collection

Figure 1. Intervention flowchart
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until 90 days, and then blood samples were collected, as de-
scribed in Fig. 1. The ONS energy density was 1 kcal/ml,
with daily consumption of 400 kcal/day as supplementary
nutrition along with complementary feeding.

Blood samples

Blood was withdrawn via vena cubiti by a laboratory em-
ployee at Husada Utama Hospital to measure I1L-6 before
(day 0, when the parents agreed to participate in this study)
and after the intervention (day 90). Then, it was processed
to separate the supernatants and plasma using centrifuge,
followed by complete blood count. Meanwhile, IL-6 was
examined in the Institute of Tropical Disease, Universitas
Airlangga, using the plasma provided by the hospital (placed
on PCR tube 1.5 mL, then kept on freezer with temperature
—4°C).

Anthropometric measurements

The anthropometric measurements were performed
when the subjects registered for doctor’s checkups as rou-
tine procedures. They were done by two nurses using a Seca
354 digital baby scale or a Seca 813 electronic flat scale to
measure the body weight. Body length/height was measured
using a Seca 415 infantometer or Seca 213 stadiometer. The
measurements were done with the children wearing light
clothes without footwear or hair accessories.

Statistical analysis

The statistical analysis includes descriptive statistics
(mean £ SD or n (%)), and paired sample T-test or Wil-
coxon sign rank test depending on the normality.

Ethical consideration
Ethical approval was obtained from the Health Research
Ethics Committee, Faculty of Medicine, Universitas Air-

langga, with ethical clearance number 170/EC/KEPK/
FKUA/2024.

Results

A total of 30 children agreed to participate in this study
initially, but one of them could not be contacted and was
no longer in the clinic for follow-up visits, resulting in only
29 subjects completing the study. In addition to receiving
ONS as a supplement, children’ parents were educated from
the outset about providing complementary foods contain-
ing animal protein such as eggs, mackerel, and meat. Fur-
thermore, subjects were also given 400 ml of ONS per day,
equivalent to 400 kcal per day. The study participants were
children experiencing growth problems, like stagnant weight
or difficulty eating, who were brought by their parents on
their own initiative for examination. The examinations re-
vealed evidence of TB infection.

Table 1 shows the characteristics of the study subjects:
their mean age was approximately 25.40 = 11.30 months,
with a higher proportion of females than males (55 vs.
45 %). The primary complaints reported included feeding
difficulty with a stagnant body weight (31.03 %), failure to
gain weight and length/height (5.88 %), and stagnant body
weight (65.51 %). The average duration of these complaints
was approximately 2 months. Most subjects were born at
term with birth weight and length within the normal range.
All subjects showed signs of TB infection, as evidenced by
a positive Mantoux test result, with average Mantoux test
diameter of 10.32 £ 3.59 mm, and a TB score of 6.71 £ 1.60,
indicating the severity of infection. Anemia affected a total
of 5 (17.24 %) subjects before the intervention and increased
to 6 after it (20.69 %). Anemia was defined as Hb levels
< 11.00 mg/dL for children aged 6 to 60 months.

Table 2 shows the changes in Hb levels in the study
subjects. The average Hb before the intervention was

Table 1. Subject’s characteristics

Characteristics 12-24 months old (n = 17) 25-60 months old (n = 12) P value

Birth weight (kg) 2.90 £ 0.37 2.81+£0.74 0.655

Birth length (cm) 4912 £2.03 47.88 + 3.44 0.266

Ferritin 32.97 + 25.70 48.11 £ 44.85 0.355

TB score 6.59 + 1.58 7.08 £1.73 0.471

Mantoux test diameter (mm) 10.18 + 3.91 10.50 + 3.06 0.728

Age of initial complaint (months) 8.41 +3.12 24.18 £ 16.25 0.001

Duration of complaint (months) 9.00 +3.43 12.91 +11.44 0.195

Main complaints, n (%):

— feeding difficulties and stagnant

weight; 4 (23.53) 5 (41.67) 0.667

— stagnant body weight and body ’

length/height; 1(5.88) 0

— stagnant body weight 12 (70.59) 7 (58.33)

Sex, n (%):

— male; 5(29.41) 8 (66.67) 0.067

— female 12 (70.59) 4 (33.33)

Anemia (pre-intervention), n (%) 1(5.88) 4 (33.33) 0.130

Anemia (post-intervention), n (%) 3 (17.65) 3 (25) 0.487
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Table 2. IL-6 and Hb levels in stunted children

Variables Pre-intervention Post-intervention A P value
Hb (mg/dL) 12.07 £ 1.22 12.00 = 1.09 0.07 = 1.64 0.684
IL-6 (pg/mL) 125.76 + 116.87 122.41 £ 104.43 3.35 = 156.71 0.279

12.07 £ 1.22 mg/dL, while after the intervention, it
was 12.00 = 1.09 mg/dL, with a mean change (AHb) of
0.07 + 1.64 mg/dL, and there was no significant difference
(p = 0.684). Based on changes in I1L-6 levels, 11 subjects
experienced a decrease in Hb levels, and 18 had an increase.

IL-6 levels before and after the intervention did not
show a significant difference (125.76 £ 116.87 compared to
122.41 £ 104.43 pg/mL, p = 0.441). Of all the study sub-
jects, after the intervention, 10 children experienced a de-
crease in IL-6 levels and 19 had an increase. The distribu-
tion of IL-6 data was non-normal, so Wilcoxon analysis was
used and showed no significant difference (p = 0.279).

Discussion

TB infection is transmitted through the respiratory route
when infected droplets, small (1—5 micrometers) nuclei, are
released by patients with pulmonary TB and inhaled into the
alveoli of individuals in close contact. Once mycobacteria
enter the lungs, alveolar macrophages and dendritic cells
are the first cells to detect and engulf the pathogens. These
cells, along with other innate antimicrobial mediators, trig-
ger a series of innate immune responses such as activation of
the complement pathway, stimulation of the production of
proinflammatory chemokines and cytokines, including in-
terferon-gamma and tumor necrosis factor-alpha (TNF-a),
and increased opsonization and phagocytosis to control or
clear the infection. If these responses fail or are inadequate,
mycobacteria can invade the lungs. Next, the adaptive im-
mune response will be activated when macrophages and
dendritic cells present Mycobacterium tuberculosis antigens
to T cells, including Th-1 type CD4* T cells, CD8" cyto-
toxic T cells, and gamma-delta T cells, which play a role in
increasing the secretion of key cytokines for infection con-
trol [20].

Stunting weakened the immune system, making it easier
for latent TB to progress to active form. Furthermore, TB pa-
tients experience substantial increased energy requirements,
leading to significant energy loss and worsening stunting [21].
Most patients with stunting and TB in this study were girls.
This finding aligns with another study in Ethiopia, which
found that girls were more likely to experience stunting,
at 62 % of the participants [22], but other study conducted
in Nepal showed that male children had a higher risk to be
stunted than female (60.7 vs. 51.8 %) [23], and supported a
study in Indonesia that stunting was mostly found in male
than female (56.7 vs. 43.3 %) children under 2 years [24].
Differences between the sexes may be influenced by various
factors, including socioeconomic conditions, access to health
services, inadequate feeding practices, etc. [25].

In this study, most patients complained of weight loss.
This condition is caused by deficiencies of micronutrients,
which are essential elements in diets to support various
physiological processes such as energy production, immune

response, and other bodily functions. TB patients often ex-
perience weight loss and malnutrition due to inadequate
protein intake, muscle catabolism triggered by inflamma-
tion during infection, and gastrointestinal symptoms caused
by acute phase proteins like high levels of TNF-o [25]. In
addition, malnutrition can also be caused by factors other
than TB infection such as diarrhea and low birth weight.

This study showed no significant difference in Hb levels
before and after the intervention, even though TB infection
in children causes anemia of inflammation or chronic di-
sease anemia. In systemic infections, several changes occur
such as a shortened lifespan of erythrocytes, disruption of
iron incorporation into erythrocytes, and decreased sensi-
tivity or supply of erythropoietin [26]. This process occurs
as a result of the body’s response to chronic infection, which
disrupts iron metabolism, erythropoietin production, and
bone marrow hematopoiesis. In TB infection, the body pro-
duces pro-inflammatory cytokines such as IL-6, which in-
terfere with iron release from macrophages and reduce the
efficiency of red blood cell production [27]. In addition, TB
can affect a child’s nutritional status, both directly through
increased metabolic demands due to infection and indirectly
by reducing appetite, which contributes to micronutrient de-
ficiencies (iron and vitamins) that are important for Hb for-
mation [28]. The average hemoglobin level was > 10 mg/dL,
indicating that nutritional support for TB patients can
prevent anemia. These findings align with several studies.
Research by Mithra et al. (2021) demonstrated that iron
and micronutrient fortification and supplementation were
consistently effective in reducing the risk of anemia and
increasing hemoglobin levels [29]. Another study by Gao
et al. (2023) aimed to evaluate the impact of TB infection
on anthropometric indicators, malnutrition, and anemia
in children in Southwest China [26]. It showed a decrease
in hemoglobin and albumin in children with TB. Anemia
is caused by micronutrient and protein deficiencies, as
demonstrated in a study by Ren et al. (2019) that evaluated
the nutritional status of TB patients and other factors [28].
These micronutrient deficiencies were getting worse with
the disease progression. Research by Martinez et al. (2023)
showed that some subjects with more complex TB had se-
vere malnutrition and anemia [30]. Children with poor nu-
tritional status were more likely to discontinue treatment,
suggesting that nutritional status plays a significant role in
the success of TB treatment. In this study, differences in he-
moglobin levels were not significant due to the influence of
other factors. Worm infection can affect hemoglobin levels
[31], but in our study, a complete stool examination was not
carried out.

This study showed a decrease in IL-6 levels, although
not significant. It also demonstrated that nineteen patients
experienced increased I1L-6 levels accompanied by weight
gain. A decrease in IL-6 is thought to be associated with
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the effects of TB infection. IL-6, along with TNF-o and
IL-1B, functions to initiate the inflammatory response in
the acute phase. Mycobacterium tuberculosis can control the
host’s IL-6 production to inhibit interferon type I, thus con-
tributing to the progression of TB [32]. The results of this
study also align with previous research. Study by Maseko
et al. (2023) showed that low IL-6 levels indicate an acute
infection, while high levels are typical for a chronic condi-
tion characterized by the presence of lung cavitation [27].
Another possible cause could also be COVID-19 infection
[33]. Differences in the timing of TB treatment can also
influence whether I1L-6 levels remain high before and af-
ter therapy, as the patients who start treatment later tend to
have higher IL-6 levels compared to those who start therapy
earlier [34]. Other factors such as patient compliance influ-
encing the body’s inflammatory response contributed to the
unsignificant level of IL-6 as well [35]. Also, IL-6 was known
to interfere with IGF-1 and IL-10 signaling pathways [36].
IGF-1 is known to play a role in the growth process, while
IL-10 — in the immune response to Mycobacterium tuber-
culosis [37].

This study shows that providing high-calorie formula
milk with ONS is effective in improving children’s nutritio-
nal status, as demonstrated by significant increases in weight
and height. However, this intervention did not significantly
impact hemoglobin and IL-6 levels. Several possibilities
may explain this finding. First, the 90-day intervention du-
ration may not have been sufficient to influence biochemi-
cal parameters affected by chronic inflammatory conditions
such as IL-6 and hemoglobin, which tend to change more
slowly. Second, IL-6 and hemoglobin levels are significantly
influenced by the severity of inflammation and the presence
of active infection. Even if a subject has been diagnosed with
TB, comorbidities or other subclinical infections that are
not thoroughly evaluated may influence the results, given
that the laboratory examination focuses solely on TB [38].

Conclusions
Oral nutritional supplements intervention for 90 days
did not affect IL-6 and Hb levels in children with TB.
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PiBHi remoraoGiHy Ta IL-6 y Aiten i3 3aTpuMKOIO POCTY | TYOGEPKYAbO3HO iHPEKLIEID,
9Ki OTPUMYIOTb NEePOPAAbHI XAPYOBi AOGABKU: AOCAIAYKEHHS 3 OAHOIPYNOBUM AU3CMHOM
i GHOAI3OM AO TA MICAS BTPYUYOHHS

Pe3tome. AkryambnicT. Henoinanus, cripuunHeHe TyOepKy-
JIbO30M, YaCTO 3yCTPIYAEThCS B IiTel i CyPOBOIKYETHCS Aedilin-
TOM MiKpOEJIEMEHTIB Yepe3 HecTauy MOXUBHUX PEUOBUH, 30KpemMa
3aizonedinuTHOIO aHeMielo. HemoimaHHS TaKoX BUKIIMKAE 3HU-
JKeHHSI piBHS iHTepIeiikiny (I1L)-6, 110 po6uTh AiTei Bpa3IuBUMM
1o iHdekuii. MeTa: npoaHaizyBaTi BILTUB MePOPaTbHUX Xapyuo-
BUX N00aBOK Ha piBeHb TemoriobiHy (Hb), IL-6, mpupict macu
i1 JOBXWHU Tija B AiTeil i3 3aTPUMKOIO POCTY i TyOEpPKYJIbO30M.
Marepiaau Ta Metoau. [IpeekcriepuMeHTaIbHE NOCTIDKEHHS 3
OIHOTPYTIOBUM AU3AITHOM i aHATi30M /10 Ta MiCJsl BTpPYYaHHSs Mpo-
BoauJocs 3 >koBTHs 2022 poky 1o surHs 2023 poKy B pUBaTHili
sikapHi M. Cypa6as (CxinHa fABa, I[HgoHe3is) 3a yuacTio aiteil Bi-
KOM Bia 12 10 60 Mics1IiB i3 3aTPUMKOIO POCTY i TyOEPKYIbO3HOIO
iHdexuieo. CTaTUCTUYHMI aHali3 BKJIIOYAB OMKMCOBY CTATUCTH-
Ky (cepelHe 3HaAueHHsI * cTaHIapTHE BiaxwieHHs ado n (%)),

T-xpurepiii a1 He3anexkHo1 BUbipku a6o U-kputepiit ManHa —
BitHi, a Takox T-kputepiii mapHux BUOIpOK a00 KpuUTepiit paH-
TOBUX 3HaKiB BiJIKOKCOHa 3aj1e’KHO BiJl HOPMaJIbHOCTI PO3MOIiTY.
PesyabraTu. Y nocnimkeHHi B3 yuacts 29 niteil, cepenHiit Bik
gkux ctaHoBuB 25,40 £ 11,30 micsaus. 58,62 % mnaiieHTiB Oynu
BikOM [10 24 micsiB, a 41,38 % — Bix 25 no 60 micsuiB. CyTTeBoi
pisHui B piBHsAX 1L-6 Ta Hb 10 Ta micist BTpy4aHHs He CIIOCTEpi-
ranocst. Cepenniit ymict Hb Ha mouaTky A0OCHiIKeHHsI CTAHOBUB
12,07 £+ 1,22 mr/mn, micast — 12,00 £ 1,09 mr/mn, Tomi sik st IL-6
1l MOKa3HMKM JOPiBHIOBAIU BiamosiaHo 125,76 + 116,87 mkr/n
Ta 122,41 + 104,43 mxr/n (p = 0,441). BucHoBku. IIpuiiom re-
pPOpaTbHUX XapuoBUX 100aBOK MpoTsiroM 90 MHIB He BIUIMHYB Ha
piBensb IL-6 Ta Hb B miteit i3 Ty0epKyIb030M.

Kio4oBi ci10Ba: Ty6epkynabo3; 3aTpuMKa pOCTY; iHTepieii-
KiH-6; aHEeMist; TeMOTI00iH
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@DYHKLiIOHAABHI rACTPOIHTECTUHAABHI PO3AGAU Y AiTEl

PAHHLOrO BiKY: YOMY BOXXAUBI POHHE BTPYYCOHHS
| MYABTUAUCLUNAIHOPHUN MIAXIA,

Pe3tome. Axmyaavnicmo. 3z2idno 3 6ioncuxocoyiarvhoro modeanto opmyeannsa QyHKYionatbnux 2acmpoinmecmu-
HanvHux poznadie (PIIP), okpemy epyny pakmopie pusuKy cmaHoéAsmo YUHHUKU, W0 0il0Mb Y PAHHbOMY OUMUHCMGI.
Ceped Hux icypye cmpec Hemosasmu, cnpuuHeHull noeedinkor bamokie. Sk éidomo, Hallbinb paHHiMu O3HaAKaMU
PAHHBO2O CMpecy € Po3Aadu peyAsayii ma QYHKUIOHAAbHI eacmpoinmecmunanvii poznadu Hemoessm. Memoro docai-
Oxcerst 6yn0 8UBHEHHS 36 3Ky PAHHIX NPOSIBIE cmpecy HeMosasam, a came posnadie peeyaayii ma OITP dimeit pannboeo
8ixy, 3 popmysannam PITPy cmapuux dimeii. Mamepiaau ma memoou. Jlocaioncenns oxonuao 132 oumuru 3 OI'TP
(ocnosna epyna — OI), 3 ux 68 dimelii 3i cundpomom noopasnernoeo kuweunuxa (OI'1) i 64 oumunu 3 yHKUiOHANBHOIO
ducnenciero (OI2). Ipyny xonmpoaro (I'K) cmanosuau 60 npaxmuuno 300posux dimeii. Ilposedeno noeaubaenuii 30ip
anamue3y 3a memooukoro Family history ujodo nepuioco poxy scumms oumunu. IIposieu pannvoeo cmpecy oyintosanu 3a
Hasericmio o3nax poznadie peeyaauii nemoeasm i DIIP dimeii pannb020 iKYy 3a npUHYUNOM «€/Hemac». Pezyavmamu.
B anamnesi dimeii 3 OI yci pozaadu peeyasuii ma DI'TP na nepuiomy poui ncumms eusieasau ywacmiuie, ixe y I'K. Bipo-
2ionoi pisnuui uacmomu PIIP i poznadie peeyaauii nemosnsm mine Ol ma OI2 ne 6yn0. B anamnesi dimeii Ol konvky
Hemosasam Koncmamogaro 6 39 (29,5 %) eunadkax, y 7 3 nux (5,3 %) eona ympumyesanacs nonad 3 micsayi; 3pucyean-
Ha—y 42 (31,8 %), y 8 (6,1 %) 3 nux ue npuseno do empamu eaeu; y 31 (25,3 %) oumunu — po3nadu unopoicHe b
(nepesadicho cxuavhicmo 0o 3anopie). Poznadu chy cnocmepieanucs 6 anamuesi 6 30 (22,7 %) dimeii 3 OI; naomipha
30yonugicms, mpuganuii naau, einepecmesis —y 31 (23,5 %) oumunu 3 @IIP. Jlominyeaau 1—2 pozradu 6 OI'i 'K, 3—4
po3nadu suseuru 6 anamuesiy 12 dimeii 3 Ol i auwe 6 oduiei oumunu 3 I'K. Cgili emoyitinuii cman npomseom nepuioeo
DPOKY neumms: dumunu oinvuwicms mamepie 3 O (81 — 61,4 %) onucysanu sk mpugolCHUIL, CKapICUAUCS HA CMiliKe 8i0-
uymms 6mMmomu, HeenegHeHoCmi 6 cobi ma 8AAcHill cnpomodcHocmi 0obpe doensdamu 3a dumuroro. Bucnoexu. Poznadu
peeyasuii i DI'IP dimeii pannvoeo 6iky € uunHuKom puzuxy gopmyeanns OI'IPy cmapwux dimeii. He eusenerno 36’13y
oKpemux eapianmie poznadie peeyasauii ma DPI'TP dimeil panHbo2o 8IKY 3 Ne6HUMU DYHKYIOHANBHUMU PO3NAOAMU 8 CINAD-
wux dimei. Panne empyuanns, wo nepedbauae myabmuducyunainapHuil nioxio 0o eedeHHs HeMO8AAMU 3 03HAKAMU
cmpecy, modice nocaabumu abo Hagimv Higea8amu yeil 6a2oMuil HunHuK pusuxy gopmysanns @IIPy cmapuiux dimeil.
Kimouosi ciioBa: dimu; gynxuionansui eacmpoinmecmunansui poznadu; cmpec; paxmopu pusury

Bctyn

3rigHo 3 Pumcbkum koHceHcycoM IV (PK TV), dyHKiti-
OHaJIbHI TacTpoiHTecTUHAIbHI po3nagu (PI'TP) posrisma-
IOThCSI SIK TTOPYIIEHHS 1IepeOpOiHTeCTUHAIBHOT B3aEMO/I,
10 MPU3BOIUTH IO TTOPYIIEHHSI MOTOPUKH, BicliepaibHOT
TiIepYyTIMBOCTI, (PYHKIIII Ta IIPOHUKHOCTI CJIM30BOi 000-
JIOHKU, 3MiH iMyHHOI CUCTeMU KUIIIKH, CKJIamy MiKpogaopu

[1]. Taki po3nagy MOXYTb 3yCTpidaTUCh Y OYAb-SIKUX KOM-
OiHaLIiSIX 1 CYTTPOBOMXKYIOTHCS CUMIITOMaMU 3 OOKY TpaBHO1
CUCTeMM Ta LeHTpajbHOi HepBoBoi cuctemu (LIHC). PK
IV posrisimae @I'IP 3 mo3utiiii GiorcuxocoiabHOT MOIETi
memuunHA. Ha BimMiHy Bim eTiomaToreHeTW4HOI, Oiomcu-
XOcolliaTbHa MOJIEJIb TPAKTY€E XBOPOOY SIK pe3yJibTaT CKa/-
HOI B3a€EMO/il YNMHHUKIB pU3MKY Ta IPOTEKILil, 110 ITepedy-
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BalOTh y MOCTIiliHil TicHili B3aemomii. Habip Takux pakTopin
IHAMBIAYaIbHUI TSI KOKHOTO Malli€HTa.

OpHak 3 OrJisily Ha TiCHUI B3a€EMO3B’SI30K (haKTOPiB
PU3UKY, HaBiTb TaKUX, 1110 Pi3HATHCS 3a CBOEIO MPUPOJIOIO,
HiBEJIIOI0YN [iI0 OJHOTO 3 HUX, MM MOXEMO BUKIIIOUUTHU
a00 xo4a 6 mocIabUTH J1it0 iHIIKMX. 3 OTJISIY Ha 1€ eJliMiHa-
11is1 OTHOTO YMHHMKA MOXe TOJETIINTH nepedir posany B
1iJyloMy ab0 HaBiTh 3aM00IrTH Horo hopMyBaHHIO. Y Bino-
Mmiit cxemi Jlyrmaca JIpoccmana (puc. 1) mepeiigeHi ocCHO-
BHI TICMXOCOLiaIbHi i (i3i0M0riYHi YMHHUKH, SIKi BIUTMBA-
I0Th Ha nopy1eHHs pyHKuionyBaHHs oci «LIHC — tpaBHa
cucreMar. [lpuBeprae yBary e onHa rpyrna YMHHUKIB, 1110
BILIMBAIOTh i HA IICUXOCOIIiajibHi, i Ha (i3i0JI0riuHi i, SIK 3a-
3HAYEHO Ha CXeMi, € «iHililoIOUMMU», — 1€ YUHHUKHU, SIKi
NIOTh Y pPAHHBOMY JIUTUHCTBI.

Cepell HUX € TaKi, Ha SIKi MU HE MAEMO BILJIMBY (T€HETH -
Ka, nmepeHeceHi iHeKlIlil, aHTUOiOTUKOTepaItisi), OJHaK € i
Ti, IIIO MiIISITaIOTh KOPEKIlii, — IIe oBediHKa 0aThKiBCHKOL
napu, sika MOXe BUKJIMKATU CTPEC y HEMOBJISITH.

IcHyroTh cutyailii, sIKi SIBHO 3arpoxXyiOTb (OpMyBaH-
HSIM TSIXKKOTO CTpPEeCY B HEMOBJISITH, SIK-OT HACWJIbCTBO, Y
TOMY YMCJIi CeKCyaibHe, 1T030aBIeHHs 1XKi, 3aHeI0aHIiCTh.
IlepeBaxkHo 116 Ma€ Micile B TMC(PYHKIIIOHATBHUX CiM’sIX,
SIKi, Ha I11aCTsI, 3yCTPiualoThCsl He TakK yacTo. [1pu nboMy €
HabaraTo OiIbIII MOIIMPEeHi, OAHAK MEHII ITOMiTHi CUTYallil,
1110 YacTO 3aJMIIAlOThCs 103a yBaroiw Jjikaps. [Tos’s3aHi
BOHU 3 HAJAMIpHOIO TPUBOXHICTIO, CTPaXoM, IEINpecielo
Mmarepi, 1o ooMexye ii pedieKCUBHI (yHKIIii, TOOTO 3/1aT-
HICTb J0 €MOLIITHOTO KOHTAKTY 3 IUTUHOO. Yepes 1ie Ha-
pPOCTa€ TPUBOTa i CTpax y CaMOTo HEMOBJISITU. SIKIIIO TaKuit
CTaH TPUBAE JIOBTO, IUTUHA TMepexuBae ctpec. Hacminku
TaKOTO CTPeCy MOXYTb CYITPOBOJIKYBATU AUTHHY, & 3TOJIOM
i 1OpOCHy JIIOAWHY TIPOTSITOM YChOTO XKWUTTSI, BILJIMBAIOUM
Ha ii (i3nyHe i MeHTaJIbHEe 3I0pPOB’SI, KOTHITUBHI i1 COIIi-
anbHi ¢yHKIl. | caMe Takuii cTpec, He 3aBXKIU MOMITHUMA
Ha MepLIMid MOrJISd, ajle TPUBAJIUNA, CTA€E TUM YUHHUKOM,

SIKMIA BIUIMBAa€ Ha (opMyBaHHS i mogablie (pyHKILIOHY-
BaHHs oci « JHC — kuimeyHuk».

TpuBanuii paHHiil CTpeC BUKJIMKAE 3MiHU B TilIOKaMIIi,
MUTIAIUHI i npedpoHTaNbHINl Kopi [2—4], NMpu3BOAUTH
0 TIOPYULIEHHSI HEHPOTUIACTUYHOCTI Ta HEWpPOHATbHUX
3B’SI3KiB MiXX LIMMU CTPYKTYpaMH [5, 6], CIpUYIMHIOE 3MiHK
B aBTOHOMHIiil HEPBOBIli cUCTeMi, TimoranaMo-Tirnodizap-
HO-HAZHMPKOBIK cucteMmi [7, 8], a TakoxX 3MiHU iMyHHOI
CHCTEeMHU i1 aKTUBHOCTI 3aIajibHOI Bidmosifi [9].

Haii6inpimr paHHiMM O3HaKaMM CTPeCy HEMOBIISITH €
po3iany peryJsiii Ta yHKIiOHAIbHI TaCTPOiHTECTUHAb-
Hi posnagu. [losiBa B OUTMHU COMAaTUYHUX CUMIITOMIB
MPU3BOAUTH A0 HAapOCTaHHS TPUBOTM B MaTepi i, BiAmo-
BiIHO, B TUTUHU, (POPMYIOUM TaK 3BaHE 3aMKHEHE KOJO.
ToMy 1iIKOM JIOTIYHO MPUITYCTUTH, 1O MEepesliyeHi po3-
JIaa MOXXHA pO3IISIAATH SIK TepIli O3HAKW AUCPETYJIsiil
oci «[IHC — TpaBHa cuctemMa», a 0TXe, sIK (paKTop pU3HKY
dopmysannst OT'TP y cTapimx miTeii.

IcHYIOTH i TIpOCTIEKTUBHI, i PETPOCIEKTHUBHI MOCIHi-
JDKeHHS, Y SIKUX BUBYAJIM 3B’ 130K PAHHBOTO cTpecy 3 hop-
myBaHHsaM OI'IP y crapimumx mireit i gopocnux. Yactuna
3 HUX ITATBEpIKYE 1Io rimote3y [10], iHII He 3HAXOOATH
3B’513Ky paHHboro crpecy 3 ®TIP [11].

MeTo 1aHOTO JOCIIIKEHHS OYJI0 BUBYEHHS 3B SI3KY
pPaHHIX MPOSIBiB CTPeCy HEMOBJISIT, a caMe PO3J1a/iB peryisi-
uii Ta @TIP giteit panHboro Biky, 3 hopmyBaHHsIM OI'IP y
CTapIluX IiTei.

Marepiaau Ta meToAun

Hamu mpoBeieHO peTpOoCTIeKTUBHE TOCTIIKEHHSI, sTKe
repeadavyano noranubieHuit 30ip aHaMHe3y, 1110 CTOCYBaB-
CS TIEPIIIOTO POKY XUTTSI TUTUHU. JlOCTiIKEeHHST BUKOHY-
Bastocs Ha 6a3i KiriHigyHOro IeHTpY AUTSII0i MeIUIIMHHA JIi-
KapHi «Oxmatout» (M. JIpBiB) mpoTtsirom 2018—2023 pokiB
i oxornuyo 132 nutuHM 3 miarHoctroBaHnumu 3a PK IV OTI'TP
(ocHoBHa tpynma — OI'), 3 Hux 68 miteil i3 CMHIPOMOM

+ lexenima
+ KyneTypanesi ocoGnueocti

* HaskonmuHe cepeposime:
Tpasmn
Incpesuyil
Noeepivka GaTbKe

[euxocouianei dhaxropu:
\ Tpec
* OcobucTick ocobnMBoCT
* [Mowonorivemi cTaTyc
* Koninr | Korniyia
* ColjiansHa niaTpimka

FonoBHMA f KnweuHuk
MO30K

UHC EHC

3anankHi IMIHK

+ [lieta

...

bBioncuxocoujianbHa
KOHUenTyanbHa Moaenb

+ 3BepHEHHA 32 MEOMYHOW
*  CumnTomu AonoMoroio
*  CTyniHb TAMKOCTI = MMoscAxaeHHa AiANBHICTE
*  KomopGigHicte + FAKicTb XUTTR
*  foseaivka * BuTpaTH Ha MeanYHi
nocnyru

PucyHok 1. BioncuxocouiasnbHa KOHLUenTyanbHa mogesbs ¢popmyBaHHs PrIP (aganTtoBaHo 3a [1])
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nonpasHeHoro kuieyHuka (CIIK — ocHoBHa rpyma 1 —
Or'l) i 64 nutyHM 3 QyHKIIOHATBHOIO aucrienciero (P —
ocHoBHa Tpymna 2 — OI'2). Yci mitu Oynm rocmitanxizoBaHi
B KJIiHIKYy MAaTOJIOTi] AiTeil cTapiioro BiKy 3 OMJISiAY Ha Te,
110 B HUX BUSIBJISUIM Xo4ya O OOWH CUMITOM <«YE€PBOHMX
MpanopiiiB» abo aMOysaTopHe JiKyBaHHsI He AaBaJlO Hisl-
KOTO TTO3UTUBHOTO €(eKTy, a OTXe, 3HOBY X TaKW 3TiHO
3 PK 1V, BoHM moTpeOyBai TOTJIMOIEHOTO OOCTEXKEHHS
IIJIS BUKJTIOUeHHST OPraHivHOI MATOJIOTII Ta Miadopy iHau-
BimyasbHOI Tepaltii ITia KOHTPOJIEM MYJIbTUAMCIUTLIIHAD-
HOI KoMaHIu (axiBLiB. IHIIMMU KPUTEPIIMU BKIIIOYSHHS
JI0 OfHi€l 3 rpym OyB BiK IUTUHU 6—12 POKIB (JTaTeHTHUI
nepion), BiACYTHICTb OyIb-sSIKMX iHIIUX 3aXBOPIOBaHb, iH-
¢dopMoBaHa 3roja 0aThbKiB Ha y4acTh y AOCHimKeHHi. Kpu-
Tepii BUKITIOYEHHS 3 HOCHTIIKCHHS: BiK TUTHHHU 10 6 abo
noHaj 12 pokiB; CynyTHi BPOIXKEHi il HaOyTi 3aXBOPIOBaH-
HS$I; BiICYTHICTh 3roau 0aThbKiB i/a00 AUTUHU Ha y4acTb y
TMOCIIIKEHHI; AiTu 3 aucdyHKIioHaNbHUX cimeid. [pymy
koHTpouo (I'K) cranoBum 60 MpaKTUYHO 3MOPOBUX IiTei
BimmoBigHOTO BiKY. BiporinHoi pizauwi mix OI'l, OI'2i 'K
IIOJO BIiKY i cTaTi miTeil He Oyio (Tadm. 1).

HocnimkeHHsT cXBaJIeHO KOMICIi€10 3 MUTaHb €TUKU Ha-
ykoBux gociimkenb JJHMY im. Jlanuna [anuibkoro (rmpo-
Tokoa Ne 11 Bim 23.10.2023).

3 MeTol0 AeTajJbHOrO BMBYEHHS IIepiofy pPaHHBLOTO
IUTUHCTBA BUKOPMCTAHO OMNMCOBO-(PEHOMEHOJOTIUYHY
METOAMKY 300py aHaMHe3y xkutTsi Family history, 1o ne-
pendayae OMUTYBaHHS OMHOTO 3 6ATHKiB MallieHTa, 4acTi-
e Marepi (Ha BigMiHy Big Family study, 1o nependauae
000B’SI3KOBE iHTEPB’ 10 BCIiX UJIeHiB poarHu). OnUTyBaHHS
CTOCYBAJIOCS HE JIMIIE CTaHy 310POB’sl, HASIBHOCTi B PO-
JMIUHI CXUJIBHOCTI J0 Ti€l UM iHIIOI TaCTPOSHTEPOJIOTIUHOT
MaTOJIOTil, (PYHKIIOHAILHUX i IICUXOCOMAaTUYHUX PO3JIa-
niB. Martip/6aThKa MPOCWIN OIKMCATH OCOOMCTICHI i To-
BEIiHKOBi OCOOJIMBOCTI WIEHIB POAMHM, CTOCYHKH B CiM 1.
3a pesyabTaTaMu OOCTEXEHHsI CKjIagajach po3IIMpeHa
ciMeiiHa icTopist Ta reHorpama, BMAUISIIMCS HaWOLIbII
XapaKTepHi OCOOJMBOCTI KOXHOro 4ieHa ciM’i Ta ixHix
cTocyHKiB. OcoOJMBY yBary MpUALISINA OMUCY TCHUXOe-
MOIIIAHOTO CTaHy MaTepi MPOTITOM MEPIIOTO POKY KUTTS
IUTWUHU, 11 MO3ULLI1 B POAMHI HA Pi3HUX eTarax pO3BUTKY.
Ille oquH akieHT OyJ10 3p00JICHO Ha CTABJIEHHI 10 XBOPUX
YJIEHIB POIMHU, CXWJIBHOCTI 10 KatacTpodizallii MuciaeH-
HS, «IIOBENiHKM XBOPOI JIOOAUHM». Tak OyJ0 CKJIageHO
MepesiK HalOUTbII TUIIOBUX O3HAK CiMeil IMpoOaHmdiB, iX-
HiX MaTepiB i 0aThKiB, CTOCYHKIB MiX WIeHAMU POIUHM.
3a pe3yjbTaTaMu OMUTYBaHHS MPOSIBU PAHHBOTO CTpPECY
OLIIHIOBAJIM 3a HASIBHICTIO O3HAK PO3JIadiB PEryJsiilii He-
MOBJIAT (MOPYILLIEHHSI CHY, HaAMipHa 30y1JIMBICTb, TpUBa-
Jnit 6e3NnpUUMHHMI T1a4, BinMoBsa Bij ki) Ta @TIP giteit

PaHHBOIO BiKYy (3pUI'yBaHHS, MAJIIOKOBA KOJIbKa, (DYHKIIi-
OHaJIbHI 3aropu/niapest) 3a MPUHLIMIIOM «€/HeMae». Me-
tonuka Family history mmMpoko 3acTOCOBYEThCS B Ipak-
TUYHIN i HayKOBiil MisTTBHOCTI IJIs1 BUSIBJIEHHS (haKTOpiB
pusuky BuHukHeHHs DIIP y miteit [12].

CratucTuyHy OOpOOKY OTpMMaHMX NAHUX IPOBOIU-
JIX 32 JOTIOMOTOIO TPOrpaMHOTO 3abe3neueHHst Microsoft
Excel 2016 i GraphPad Prism 5 Ta 3araJbHONpUIAHIATUX M€e-
TOMIB MaTeMaTUYHOI CTATUCTUKM. SIKicHI 3MiHHI momaHi y
BUIJISIII BifICOTKIB. [IJ11 MOPiBHSIHHSI YACTOTHUX MOKA3HU-
KiB He3aJeXXHUX I'PYIl BUKOPUCTAIM KPUTEPil Xi-KBaapaT
ITipcoHna (%) 6e3 monpaBku €iiTca Ha 0e3MepepBHICTh. 3
MeTol0 BUsiBIeHHs acoitiatiit Mixk @I'TP i poznagamu pe-
ryJsiuii HeMOBJISAT B aHaMHe3i Ta BUHUKHeHHsiM CITK i
®/1 po3paxoByBaiu MOKa3HUK BimHoineHHs maHciB (OR)
395% nosipunm intepBaiiom (J1). Benmuuny p < 0,05 BBa-
>KaJIM CTATUCTUYHO BipOTiAHOIO.

PesyAbTaTi

VY Hamomy gociimKeHHi B aHaMmHesi aiteit 3 OI yci pos-
namu perysiii Ta @I'TP Ha epiiomy poLii KUTTST BUSIBIISI-
Jm yacrimre, Hix y mite#t 3 'K (ta6:1. 2). JominyBanu pyHK-
LIIOHAJIbHI pO3J1aay TPaBJACHHS B 000X Ipymax.

KonbKy HEMOBJAT KOHCTAaTOBaHO B aHaMHe3i 39
(29,5 %) nireir 3 OI'i 6 (10,0 %) aireit 3 'K, onHak BoHa
BiIpi3HsIacs He JIMIlie 3a 4acTOTOlo, ajie i 3a mepedirom.
Axuio B 'K Hamaau KpuKy B YCiX IiTeil MPUITMHUIKCS 10
3-MicsraHOTO BiKY, TO B 7 i3 132 (5,3 %) miteit 3 OCHOBHUX
IPYII KJIiHiKa yTpruMyBaiacs 10 4—6 MicsIIiB.

3puryBaHHs BigHocwimn 1o OI'TP HeMoOBIAT, AKIIO 3a
YacTOTOI Ta 00’€MOM BOHM BUXOIWJIM 11032 MEXi, O3Ha-
yeHi sik happy spitters. Taki posznaau B aHamHe3i Oyu B 42
(31,8 %) niteii 3 OI. Jlo BTpaTu Baru 3puTyBaHHS TIPUBE-
mmy 8 (6,1 %) HEMOBJAT 3 OCHOBHMX TPYII i HE TIPUBETHN B
komHoi qutunu 3 I'K.

Posznanu BUmopoxHeHb CIiocTepirajau B aHaMHe3i B 31
(25,3 %) nutunu 3 OI'i 7 (11,7 %) aireir 3 'K, cXuiibHiCTh
IO 3aIopiB JOMiHYBaJla B 000X rpyrmnax.

o mopyllieHb CHY BiTHOCWJIU TpUBAIUIA (TTOHAA OIHY
TOIVHY) Mepion 3acUHAHHS, AYyXe YacTi MpOoOyIKEHHS
MPOTSITOM HOYi (YacTillle HiX 1110 Bi TONMHU) 3 TPUBAIU-
MM TIepiogaMU HeCITaHHS i TIJ1avy, iHBepCilo CHy a00 paHHIO
BiIMOBY Bij neHHOTO cHY. Posnamu cHy criocrepirammcst
B aHaMmHe3i B 30 (22,7 %) niteit 3 OT i nume B 5 (8,3 %)
MPaKTUIHO 310poBUX AiTeil. [Ipo HagMipHY 30yIIUBICTD,
TPpUBAJINIl IUIA4Y, TilepecTe3ilo MOBimoMJIsUIM OaTbkum 31
(23,5 %) mutunam 3 TP i 6 miteit (10,0 %) 3 TK.

BinMoBy Binm i Ha meplIOMY POl >XMTTSI BUSIBWIN B
onnoi (0,8 %) mutunu 3 O i He BUSBWIN B XKOIHOI TUTH-
Hu 3 ['K. Cepen aiteii 3 OI' yacTilie criocrepiraaocst paHHE

Ta6nuus 1. Xapaktepuctuka ob6crtexeHux nayieHTis i3 CIK (Or1), @4 (Or2) i koHTponbHoi rpynu

Moka3HuKn Oori (n =68) Or2 (n =64) KI" (n = 60)
Xnonuumku, n (%) 36 (53) 35 (54,7) 32 (53,3)
Hisyatka, n (%) 32 (47) 29 (45,3) 28 (46,7)
Bik (pokiB), mean + SD 82+19 84+17 86+19
CepgnHﬂ Tpusanicte CMNK 20+1.1 1,9+10 _
(pokiB), mean = SD
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(1o 3-MicslYHOTO BiKY) MepeBeleHHS TUTUHU Ha IITy4YHE
BUTOIOBYBaHHS, OJHAK CTAaTUCTUYHO BipOTigHOI Pi3HULI
nopiBHsHO 3 'K He BUsIBIEHO.

[Tpu nopiBHsiHHI yactotu PI'IP i posnanis perynsiuii
HEeMOBJIAT BiporigHoi pizHuili yactotu @T'IP i posnanis pe-
rynsiii HeMoBiaT Mix aitbmu 3 CITK (OI'l) i @1 (OI'2) He
Oys10, TOOTO crielMdiYHUX PO3JIaliB IS OKPEMHUX BapiaH-
1iB @TTP Mu He BusiBUIM (TabI. 3).

Yacto B aHaMHE3i Ialli€HTIB CITOCTepiraar KOMOiHAIIiIo
OKpeMuX po3iamiB peryisauii. JlominyBanu 1—2 po3naau B
000x rpynax (puc. 2), 3—4 po3naau BUSIBUIA B aHAMHE3i y
12 niteit 3 O i tuuie B onHiei nutuHu 3 I'K.

Bigpizusucs OI i 'K Takox 3a CipuiHSATTSIM O0aTh-
KaMu npobsieM HemoBsiTd (Taba. 4). Sxkio B 'K 6arbku
OMUCYBAW MEPIINI PiK XUTTS IUTUHU 3arajoM y TMO3u-
TUBHMX TOHAX, a PO3J1ai PETYJISILT — SIK TUMYACOBI TPY/I-
Hotii, B OI' Taki nmpo6yieMu 4acTo CripuiiMaucs sIK Karta-
crpoda, 6e3Buxiab. OnHa ciMeliHa mapa IoBigoMua, 1o
BiIMOBWJIACS BiJl HAPOIKEHHSI APYTOl IUTUHU Yepe3 CTpax
1Ie pa3 MEepexXuTH KoJibku B Masoka. CBiil eMOLiiiHUit
CTaH TIPOTSITOM TIEPIIOTO POKY KUTTS AUTUHU OibIIICTh
MatepiB 3 OI' (81 — 61,4 %) omucyBanu SIK TPUBOXHUIA,
110 CYMNPOBOMXYBABCS BiMUYTTSIM HEBIIEBHEHOCTI B COOi
Ta BJIACHIM CIIPOMOXHOCTI 10Ope AOIJIAIaTH 3a JUTUHOIO,
OyTH 10OPOI0 MaMOIO, CTPaxoM, 110 3 AUTUMHOIO IIIOCh CTa-
Hetbes. Cepen onuranux Marepis 84 (63,6 %) ckapXuaucst
Ha CTiliKe BimuyTTs BToMM. Yepes BiquyTTsI HEBIEBHEHOCTI

4acTo 3BepTajMuCs A0 JiKapiB, MPOXOAWIN MOBTOPHI 00-
CTEXEHHSI W KypcH JIiKyBaHHSI 3 OOMeXXeHUM i KOPOTKO-
yacHUM edekToM. OOTSKeHUI CiMeiHUIT aHaMHe3 11010
®TIP BussieHo B 92 cim’six (69,7 %). Hatomicts Teri,
MiATPUMYIOUi CTOCYHKM YacTillle BUSIBJISLIM B CiM’sIX JIiTeit
I'K 3 BUCOKMM CTyTieHeM BipOTiJHOCTi.

O6rosopeHHs

HemoBnsitTa TOTanbHO 3ajieXXHi Bim CBOIX AOTJISAIAb-
HUKIB, 1 I 3aJIEXKHICTh HACTIJIBKM OYE€BMIHA, 110 iHOMII
3aJIMIIAETHCS Mo3a yBarow. Bimpasy miciast HapomKeHHs
BUHUKAE B3a€EMOIisl MiXK MaTip’1o i IMTUHOIO. [IUTUHA BU-
KOPUCTOBYE TaK 3BaHi NPHUB’SI3yl0ui MOEJNi ITOBEeIiHKU
(attachment behavior) — rmu1auy, ycwilika, JereT, Hacli-
nyBaHHS. Pearyoun Ha 1i CUrHaauM, MaTh 3MiHIOE CBOIO
MOBEAIHKY: YCMIXa€TbCSI, CTUMYJIIOE PO3MOBOIO, TOTUKOM
IUTHHY, sIKa MJISIBA, ajie 3aCTIOKOIOE TUTHHY, sKa 30ymIxKe-
Ha, mave. [1poTsirom KilbKOX THMXKHIB 11i BITHOCUHU J10-
CSITalOTh CUHXPOHHOCTI 3aBISKM TOMY, 1110 MaTH 3MiHIOE
CBOIO TIOBEMIHKY, pearyoun Ha TUTUHY. MeTa IIUX BigHO-
CHH TIOJISITa€ B TOMY, 1100 i B MaTepi, i B IMTUHU BUHUKAJIO
BimuyTTs mi€eBOocTi. MaTu 1maciauBa, IO MOXe BUKJIMKATH
Ty UM iHIIIy TTOBEeIiHKY AUTUHMU, 110 AUTUHA pearye Ha Hei.
JInTrHA MOYMHAE YCBiIOMJIIOBATH, 1110 TEXK MOXE BILIMBA-
TH Ha MOBEAIHKY MaTepi, a 0TKe, i Ha iHIuX Jtoaei. Takum
YHOM Mpu A00piil B3aemMoii MaTepi i AUTUHM CIIPalbO-
BYE M€XaHi3M B3aEMHOI Ii€BOCTIi: KOXEH BiUyBae, 1110 Mae

Tabnuus 2. Yactora ®rIP i po3nagis perynauyii HemoBaaT B aHamHe3i giteri iz OIIP ctaploro Biky
i npaKTu4yHo 340pPoBuUX Aiten

YacrtoTa, %
OsHaka OCHOBHa KoHTponbHa X P OR 95% Al
rpyna (n = 132) | rpyna (n = 60)
Kosnbka HemoBnaT 29,5 10,0 12,50 | 0,0004* | 3,857 | 1,77-8,42
— 3 HUX TpUBanicTio NoHaa 3 Mic. 53 0 5,13 0,024* 11,58 | 0,63-212,3
3puryBaHHs 31,8 16,7 6,08 0,014* | 2,298 | 1,18-4,49
— 3 HUX i3 BTpaTOIO Baru 6,1 0 6,19 0,013* 13,83 | 0,77-249,0
3anop/npoHoc 25,3 11,7 5,60 0,018* | 2,444 | 1,15-5,19
[MopyLueHHs cHy 22,7 8,3 8,59 0,003 | 3,435 | 1,45-8,12
THeZﬁ‘;“I’“p”a 30yAnMBICTL, Mnia, rinepec- 235 10 539 | 0,020* | 2,512 | 1,13-5,56
BigmoBa Big ixi 0,8 0 1,01 0,316 3,030 | 0,12-75,34

Mpumitkn: P — 3Ha4YnMicTb BigMIHHOCTEN MiXX KOHTPOJIbHOIO Ta AOCJIiAHOIO rpynamu; * — cTaTUCTUYHO Biporing-

He 3Ha4YeHHS.

Tabnuys 3. Yactora ®DriP i po3napgie perynsyii HemoBasaT B aHamHe3i gitei 3 CINK (Or1) i o4 (orz)

Oswaka Aty 2 P OR | 95%Al
Or1 (n = 68) or2 (n = 64)
Koribka HeMoBAIAT 32,4 26,6 060 | 0438 | 1272 | 0,69-2,34
3purysaHHs 30,9 32,8 0,09 0,762 0,912 0,50-1,65
3anop/npoHoc 26,5 20,3 1,36 | 0243 | 1,479 [ 0,76-2,86
[MopyLueHHst cHy 22,1 23,4 0,03 0,866 0,944 0,49-1,83
ﬂﬁgg‘;ﬂ:g;:yﬂ”“B'CTb’ rnas, 22,1 25,0 025 | 0617 | 0846 | 0,44-1,63
BiamoBa Big iXi 1,5 0 202 | 0155 | 5,102 |0,24-107,7

lMpumitka: P — 3Ha4uMicTb BigMIHHOCTEl MiXX KOHTPOJIbHOIO Ta AOCJIiAHOIO rpyramMu.
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MEeBHUI BIJIMB Ha MOBEAIHKY iHIIOro. Tak ¢hopMyeThcst Oa-
30Ba J0Bipa abo HeloBipa 10 CBITY.

Kpim 1poro, Ha nepriomy poLli KUTTs B IUTUHU MTOYH-
Hae dhopMyBatucs peryJsiiis abekrtis. batbku (MaTn) 31iii-
CHIOIOTH a(heKTUBHY PEryJIsIiiito TUTUHMU, ITiATPUMYIOYH I10-
3UTHUBHE CAMOITOUYTTS i KOPUTYIOUM HeraTuBHe. [HTerparttist
JTUTUHOO MPUYMHHO-HACIIIKOBUX 3B’I3KiB MiXK CBOEIO 110~
BEIiHKOIO Ta ii HacJliIKaMu CIIpUsiE BAHUKHEHHIO 1 YKOpi-
HEHHIO eJIEMEHTIB apeKTUBHOI caMopeTyJIsilii. Tak y auTu-
HU POPMYETHCS BiTUyTTsI cCaMOe(DEKTUBHOCTI («sI MOXY>» ).

3BOPOTHUII BapiaHT, SIKIIO LILOTO HE BimOYBA€THCS: Y
IUTUHU TTOYMHae (opMmyBaTUCs TaK 3BaHa BUBUEHA 0e3-
nopanHicTh. AKIlO moBeaiHKa MaTepi # IUTMHU HE CUH-
XPOHI3Y€EThCS, IUTUHA MEPEXKMBAE TPUBAIUIA CTpeC 3 ycima
HacJiIKaMH1, 1110 CTOCYIOThCSI HE JIMIIE MEHTAJIbHOTO, aje
i1 comaTuuHOTro 310poB’sl. Takuii HECTIPUSITIIMBUI JTOCBIT
€ JI0BOJIi MOLIMPEHUM SIBUIIEM: 32 JaHUMU BEJIUKOMACIII-
TaOHOTO eMiIeMiOJOTIYHOTO JTOCHIKeHHSI HEeCTIPUSITIN-
BUIX TTOJIiif Y paHHbOMY IMTUHCTBI, MpUOIM3HO 65 % 0cib y
CIIA nepexwiu TpuHaiMHi oiHYy, a 12,5 % — ax yotnpu
HECIIPUATIINBI ITOii B pAHHBOMY BilIi.

JoBeneHo, 1110 BHACIAOK HaIMipy KOPTU30JLY, BUKIM -
KaHOTO XpOHIYHMM CTPECOM, BUHUKAIOTh aTPOiuHi 3MiH1
B rinmokawmii [13]. Y nopocnux, siKi mepexuau J0BroTpuBa-
JIMIA paHHil cTpec, 00’eM Timokamma BipOriTHO MEHIIIHIA,
IO MPU3BOAUTH A0 TOPYIIEHHS KOHCOJimaiii ram’sri,
TOOTO Mepexoay KOPOTKOUYACHOI Mam’sITi B TOBIOTpUBAIY,
KpiM 1IbOTO, TMOKaMII 3aiTHUI y MexaHi3Max (hopMyBaH-
Hs1 emolliii [14].

[lopyieHHsT HeWpoHaJbHUX 3B’SI3KiB  «MMIIAIM-
Ha — npedpoHTaIbHA KOPa» MTPU3BOAUTH 10 MOPYIIEHHS
yCBilOMJIEHHsI 1 BucioBleHHs1 emouiid [15]. Lle cripusie
(bopMyBaHHIO CTaHY, SIKMI HA3UBAETHCS <«AJIEKCUTUMIsI».
Binomo, 1m0 ocepenkoMm eMolliii € JiMOiuyHa cuctema.
EHeprist adexty 3 niMOiYHOI cHCTeMU KaHaJi3yEThCSl Y
2 HampsiMKax: y TIpepOHTaJIbHY KOpY, 3a paxyHOK 4Oro
€MOIIisl YCBIJOMJIFOETHCSI, i B aBTOHOMHY HEPBOBY CUCTE-
My (AHC), 3a paxyHOK 40ro BMHMKAIOTh COMATHUYHi €K-
BiBaJleHTU eMOLill (ITOYEepPBOHIHHS INIKipM YU OJiIiCTh,
Taxikapmisi, cra3Mu IJIaAKOI MYCKyJaTypu ToIIo). SKIo
npedpoHTaabHa KOpa Ma€ Majlo HEHPOHAJIbHUX 3B’SI3KiB
3 JIiIMOIYHOIO CUCTEMOIO, EMOIlis He YCBITOMIIIOETHCS, OJl-
HaK Ma€ BUPaXXEHUI BereTaTMBHUM KOMITOHEHT. Tak Mo-
JKyThb BUHUKATU COMaTU4Hi cuMnromu. | Tak hopmyeTbest
CXMJIBHICTB 0 cOMaTM3allii — MepeXXuBaHHs eMOLiifHOro
JMIUCTPECy Ha COMaTUYHOMY PiBHi.

CrnpuynHeHi paHHIM CcTpecoM 3MiHM HEHpOHaIbHOI
TUTACTUYHOCTI B MpedpOHTATbHO-CTPpiapHiil modamiHOBIit
CUCTEMi CHPUYMHIOIOTH CTAHU 3i CIIEKTpa «IeIpecis —
TPUBOXHICTB» [16, 17]. PaHHii1 cTpec MpU3BOAUTH TAKOX
IO IOBHUIIEHOI aKTUBHOCTI M AUCPETYJISILii rirmoTagaMo-
rimogizapHo-HaTHUPKOBOI CUCTEMH, TTOSIBM COMAaTUUYHUX
cumnToMmis [ 18] i minBuLIeHHST TPUBOXHOCTI [19].

AKII0O BMOKpPEMUTH BCi MepeiueHi MNCUXOeMOLliliHi
po3Jaau, TMOB’si3aHi 3 paHHIM CTPECOM, MU OTPUMAEMO
MPaKTUIHO MOBHUI CIIMCOK KOMOPOiTHMUX MCUXOEMOLIili-
Hux posnaniB npu @IIP y crapmumx miteit i nopociux —
TPUBOXHICTh, JAETpecisi, ajleKCUTUMisl, CXUJIbHICTb [0

or
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PucyHok 2. lNoegHaHHS po3nagiB perynsauii B fiTeii OCHOBHOI Ta KOHTPOJIbHOI rpyn:
1 — 4 posnagn; 2 — 3 po3nagun; 3 — 2 po3nagun; 4 — 1 posnan

Ta6bnuus 4. Yactora mikpocouiasnbHUX YMHHUKIB PU3NKY Ta npoTekuii popmyBanHsa PrIP y niteri

Yacrtora, %
OsHaka OcHoBHa rpyna | KowtponbHa | *° P OR 95% Al
(n=132) rpyna (n = 60)
HapgmipHa TpBOXHICTb Yy matepi 61,4 18,3 38,69 | <0,0001* | 7,125 | 3,72-13,64
AcTeHist (MocCTilHe Big4yTTA BTOMW) 63,6 23,3 34,20 | < 0,0001* | 5,952 | 3,20-11,06
«KatacTtpogpiyHe» MUCNEHHS 49,6 11,7 33,75 | < 0,0001* | 7,333 | 3,57-15,06
32;’(‘)"‘3?"’;5' CIMENHI aHAMHES 69,7 26,7 37,01 | <0,0001* | 6,309 | 3,41-11,67
Tenni, NigTPYMYOYi CTOCYHKM B CIM'i 29,5 60 18,18 | < 0,0001* | 0,286 | 0,16-0,51

Mpumitka: P — 3Ha4uMicTb BigMIHHOCTEN MiXX KOHTPOJIbHOIO Ta AOCJIiAHOIO rpyrnamMu.
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IUCTpecy (4epe3 BiICYyTHICTh €(heKTUBHUX CTpaTeriii Imo-
JIOJIAaHHS CTpecy), MepeXKMBaHHS AUCTPECY Ha cOMaTuy-
HOMY piBHi (CXWJIBHICTh JO COMaTM3allii), BUBYEHa 0e3-
MopagHicTh (BIACYTHICTh AOCBiAy caMoeheKTUBHOCTI),
«TTOBEIiHKA XBOPOI JIIOOMHMW». 3 iHIIOro OOKY, pi3Hi eKC-
MepUMEHTAJIbHI 1 KJIiHIYHI TOCIiIKEHHsI BUSIBUIN BILIUB
CcHUCTeM, uepe3 siKi BimOyBa€eThbcs peajizallisi crpecy (Tiro-
TajaMo-TinodizapHo-HagHUpKoBa cucreMa, AHC, imyHHa
cucTeMa, HeiipomeniaTopu), Ha (OpMyBaHHSI If CUTHAaITi3a-
mito oci «IIHC — tpaBHa cuctema» [20—22]. To6TO paHHiit
CTpeCc MOXHa PO3MJISAATU SIK OCHOBY 200 CIOJIyYHY JIAHKY
i 1s1 bOpMyBaHHS CTiMKUX IICMXOEMOILIMHUX PO3JamdiB, i
IJ1s1 TIopylieHHsT ¢pyHKIioHyBaHHs oci «[IHC — kuieu-
HUK». 3 MO3ULII KJIiHIYHOI MPaKTUKK MPOOIEeMOI0 € Jia-
THOCTUKA PAHHBOTO CTPECY HEMOBJIATH, SIKILIO OCTAHHIM
MOB’I3aHUIi HE 3 SIBHOIO JICPUBYIOUYOIO TTOBEIiHKOIO OaTh-
KiBChKOI Mapu, a 3 HAAMipHOIO TPUBOXXHICTIO MaTepi. AIxKe
Ha TepIINii OIS TPUBOXHA MaTU BUIIAETHCSI OCOOJIMBO
TypOOTINBOIO, N10AIINBOIO, BigmaHolo nuTuHi. CaMe ToMy
po3magu peryisiii Ta @I'TP HeMoOBIAT, OYBIIN TEPIIUMU
MposiBaMU PAHHBOTO CTPECY, MOBUHHI CIMOHYKAaTU KIIiHi-
1IUCTA IO PAHHBOTO MYJBTUAMCIUTUTIHAPDHOTO BTPYYaHHSI,
METOIO SIKOTO € $IK YCYHEHHSI CUMIITOMIB JIMCPEryJIsiii B
IUTUHU, TaK i TapMOHi3allisl CTOCYHKIB MaTepi il HEMOBJISI-
TH, MiABUILEHHS YYTJIMBOCTI MaTepi 10 MOTPed TUTUHU i,
BiJIMOBiIHO, 3HMKEHHSI TPMBOXKHOCTI i Matepi, i IMTUHU. 3
OIJIsIy Ha 1€ BaKJIMBUM € PO3IMi3HAaBaHHS MPOOIeMU JliKa-
pEeM MepIIoro KOHTAKTY, HOro BMiHHSI TPOBECTU TTICUXOETY -
KaliitHy Oeciny, 3a0e3MeYrTH CrijibHE BEJeHHSI IUTUHU Ta
ciM’1 KoMaH1010 (haxiBLiB (COMAaTUYHMI JIiKap, MCUXOJIOT,
TICUXOTePaIeBT, COLiaIbHMI TTpaliBHUK). [Ipobiema paH-
HBOTO CTpecy MOTpeOdye po3poOKU cTpaTeTii mpodiakTuku
i1 cucreMu e(PEeKTUBHUX MPAKTUYHUX BTPYYaHb IS 3aI10-
OiraHHs HECIIPUATIMBOMY JOCBiIy B pAHHbOMY JUTUHCTBI.

BucHoOBKMU

OTpuMaHi HaMu pe3yabTaTH OOBOASATH, IO PO3Jaau
perynsuii HemoBasT i @OTIP giTeit paHHBOroO BiKY MOX-
Ha pO3IJISIIaTH K YMHHUK pu3uky ¢opmyBaHHs PIIP y
crapuux nireii. Hamu He BUSIBJIGHO 3B’SI3KY OKpeMUX Ba-
piaHTiB posnaniB peryisiii Ta @TTP nireit paHHbOTO BiKy
3 TIEBHUMM (YHKIIOHAIBHUMM pPO3JIaJlaMU TPaBJICHHS B
crapuivx aiteit. MoxHa NMpUIyCTUTH, 110 paHHE BTPYYaH-
Hsl, sKe Tiependavyae MyJbTUAMCLUMITUTIHADHUN TIAXIiT 10
BEJIEHHSI HEMOBJISITA 3 O3HAKaMU CTPECy, MOXe Mocaadu-
TH 200 HaBiTh HIBEJIOBATH 1€ BarOMUIl YMHHUK PU3UKY
dopmyBanHg OI'IP y crapiiux miteii.

O6Mme)XeHHS1 AQHOIo AOCAIAXKEHHS
TQ nepcrnexKkTneu NOAQAbLLIOIO NMOLWYKY

HaHe nocnimkeHHs € cripoooto pos3risiHytd @I'TP i pos-
JIAU PeryJisilii HEeMOBJIAT SIK (haKTOp PUBUKY MOPYILIEHO-
ro ¢opmyBaHHs oci «LHHC — kumiedHuk» i, BiamosinHo,
®T'IP y crapmmx aiteit. Taka rimore3a BUHMKIIA HA OCHOBI
KJIiHIYHOTO JIOCBily aBTOPIB, SIKUi1 T03BOJIUB 3BEPHYTH YBa-
Ty Ha BUCOKY YacTOTy HeOJIarornoylydyHOro TpyaHOro rnepi-
ony cepen aiteit 3 OT'TP. beaymMoBHO, [ist GibIll TOYHOTO
BUBYEHHSI OCOOJIMBOCTENl PAHHBOTO JIUTUHCTBA HEOOXiIHI
OOCJIIKEeHHs 3 OUThbIIMMM BMOipKaMu i 0COOJIMBO IMPO-
CHEKTUBHI JOCTIIKEHHS, SIKi T1aayTh MOXJIUBICTb BUSBUTU

O3HaKM PaHHBOTO CTPECY «B peajbHOMY yaci» i mpocre-
JKUTHU MOro HACHiIKM B pi3Hi Nepioau TMTUHCTBA, OLIHUTU
e(beKTUBHICTh Pi3HMX BapiaHTIB JIiKyBaHHS (TpamuililiHa
MeIMKaMEHTO3Ha Teparlist VS BeIeHHs MallieHTa KOMaH/I010
(axiBLiB i3 3ay4yeHHSIM poauHU). BpaxoByrouu, 1110 YMH-
HUKU pu3uKy hopmyBaHHsT PIIP, sKi cToCyI0ThCS paHHBO-
IO IMTUHCTBA, Y MePeBaKHiil OLIBIIIOCTI BUTIA/IKIB € KEpOBa-
HUMU, MYJIBTUAMCUUATUTIHAPHUI MiAXiA i paHHE BTPYYaHHS
MePCIIeKTUBHI B TUIaHi 3MeHIeHHs yactoT OI'TP y miteit,
a TAaKOX MOXYTb CIIPUSITU COLIIaJIbBHOMY OJIarornoIyyyto au-
TUHH, 11 aeKBATHOMY CAMOCHIPUIHSTTIO i CAMOOIIIHIII.

KonduikT iHTepeciB. ABTopy 3asBIISIIOTH PO BiACYT-
HiCTh KOH(DIIIKTY iHTepeciB i BaacHO1 (hiHaHCOBOI 3alliKaB-
JIEHOCTI ITpU MiATrOTOBLIi AAHOI CTATTI.

Indopmania npo binancyBannsa. lLle mocmimKeHHS
npodiHaHCOBaHO 3 Aep>KaBHOTO OIOIKETY i € (pparMeHTOM
IUIAaHOBOI HAyKOBO-IOCiAHOI po00TH Kadeapu IMporeaeB-
THKY nexiaTpii Ta MeagnaHoi reHetnku JHIT «JIpBiBchbKMIit
HalliOHAJIbHU MeIUYHUui yHiBepcuteT iMmeHi [laHwia
lamuubkoro» 3a Temolo «BcTaHOBIEHHS OCOOIMBOCTEM
repediry cragkoBOi MATOJIOTIi Ta MYJIbTU(PAKTOPHUX 3a-
XBOpIOBaHb y AiTeit, 1o nepeHecan COVID-19, B ymoBax
3aMpoBaIXKEHOr0 BiliICbKOBOro cTaHy» (HOMEp AeprKaBHOI
peectpanii 0123U101701).

Buecok aBTopiB. JInukoBcbka O.JI. — KOHIIEMIIisI Ta
IM3aiiH DocIiaKeHHs, HarmcaHHs ctaTtTi; CemeH M.O. —
HamnvcaHHs cTaTTi, aHaii3 gaHux; Kymaukosceka [.}O. —
aHaJi3 naHux, HanucaHHs cratti; Cemen B.JI. — 306ip Ta
orpalfoBaHHs JaHUX.
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Functional gastrointestinal disorders in early childhood:
the importance of early intervention and a multidisciplinary approach

Abstract. Background. According to the biopsychosocial model
of functional gastrointestinal disorders (FGIDs), early childhood
factors play an important role, particularly infant stress influenced
by parental behavior. The earliest manifestations of such stress are
newborn regulatory disturbances and FGIDs in infancy. The pur-
pose was to investigate the relationship between early manifestations
of infant stress, namely regulation disorders and FGIDs in young
children, and the formation of FGIDs in older children. Materials
and methods. A total of 132 children with FGIDs (study group, SG)
were examined, including 68 with irritable bowel syndrome (SG1)
and 64 with functional dyspepsia (SG2). The control group (CG)
consisted of 60 healthy children. A detailed history (family history
method) of the first year of life was taken, with an assessment of
early stress markers (regulatory disturbances and infant FGIDs)
on a yes/no basis. Results. Children in the SG had a significantly
higher prevalence of early regulatory disturbances and FGIDs com-
pared with the CG. No significant differences were found between
SG1 and SG2. Following symptoms were reported during infancy
in the SG: infantile colic — in 39 cases (29.5 %), which persis-

ted beyond 3 months in 7 (5.3 %) of them; regurgitation — in 42
(31.8 %), of which in 8 (6.1 %) led to weight loss; bowel movements
disturbances — in 31 (25.3 %) (mostly constipations); sleep distur-
bances — in 30 (22.7 %) cases; excessive excitability, prolonged cry-
ing, or hyperesthesia — in 31 (23.5 %). Combination of one to two
disturbances were most common in both SG and CG, whereas 3—4
disturbances were observed in 12 children in the SG and only one in
the CG. Most mothers of SG children (81; 61.4 %) described their
emotional state during the child’s first year of life as anxious, with
persistent fatigue and a lack of confidence in their caregiving abili-
ties. Conclusions. Infant regulatory disturbances represent a signifi-
cant risk factor for FGIDs in later childhood. No associations were
identified between particular types of early regulatory disturbances
and specific FGIDs in older children. Early intervention, involving
a multidisciplinary approach to the management of an infant with
stress symptoms, may reduce or even eliminate this significant risk
factor for later FGID development in older children.

Keywords: children; functional gastrointestinal disorders; stress;
risk factors
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Masporiyro T.K., CoromeHko M.B.
AHIMPOBCHKNN AEPIKABHUN MEANYHIA YHIBEPCUTET, M. AHIMPO, YKpQiHO

MpOrHo3yBaHHS HACAIAKIB NICASACPIKTUYHUX
YLWWKOAXEHb MO3KY Y HEMOBAST
HQA TAi AIKYBOABHOI rinotepmii

Pesiome. Axmyaavnicmo. Acgpixcia npu napodaucenni € mpemvoro HAUNOWUPEHIUION0 RPUMUHOIO CMepMi HOBOHAPO-
Oocernux (23 %). Maiince 3 maxoro ye 4acmomor po3euUearomvCs MANCKI Heepoao2iuni nopyuenHs. JIiKysarvha 2ino-
mepwmis (JII) € epexmusnoro ma 6e3neunoro cmpamezicro y O0OHOuleHUX Oimeill, 3HUNCYE PUBUK NOEOHAH020 pe3yabma-
my cmepmi i/abo 3naunol ineanionocmi y eiui 18 micauyie. Oonax y nonaod 40 % nemoeasm 3 2inoKCuMHO-iteMivHON
enyegharonamiero (I'lE) cepednvoeo ma msajckoeo cmynens po3eusaromscs 00820CMpPOKO8I HeCHPUSMAUG] HACAIOKU.
CyuacHi Haykogi docaiddcenHs Hacamneped NPUcesueHi NUMAHHAM GU3HAYEHHS NPOCHO3Y YPANCEHHS MO3KY NPU Npo-
6edenni nikysanvhoi einomepmii. [[as npoeHo3y8ants HaAcAioKig einoKcuuHo-iueMiuHoi eHyegaronamii sukopucmosy-
omb KoMOiHayii NOKA3HUKIE, Hanpukaad KomoiHosary wikanry myavmuopeartoi ducghynkuii (MODE Score). Taxoxc
30epieaembcs opienmayis Ha OKpemi NOKA3HUKU, ane cheKkmp ix nocmitiHo posuuproemocs. Ouinka mepmopeeyaauii
8idobpasicac madicKicmo YUIKOOJCeHHs MO3KY | € nepcneKmueHUM NPOSHOCMUYHUM Mapkepom. Buwy memnepamypy
dumunu nio uac nposedenns JII' no6 ’a3yromo 3 HeCNPUAMAUBUMU HACAIOKAMU 045 Hellpopo3eumKy y 18-micaunomy eiui.
Memoro nawoeo docaioncenns 6yna nepegipka einomesu npo me, w0 HeMOGAAMA 3 MANCKUMU HECNPUSMAUGUMY HA -
caidkamu einokcuuHo-iuemivHoi enyegaronamii demoHcmpyromo nopyuleHHs mepmope2yaayii (KoAUBaHHs aKcuasapHoi
memnepamypu nicas 3axinuents JIT) do 10-dennoeo sixy. Mamepiaau ma memodu. Poboma suxonana Ha 6asi Heo-
HamanbHo20 yenmpy ma yenmpy Kkamamuecmuuroz2o cnocmepecerinsi KII « Peeionanvnuii meduunuii yenmp poouHHoeo
300po8’s» JIHinposcekoi obaachoi padu. /uzaiin docaiodcents 0y8 eu3HaveHUll K pempocneKmueHe 00HOUeHmpoge
KAiHiuHe docaioncenHs. Y docrioncenns oyau exaroueri 19 dimeil, aKi docseau opyeoeo poKy scumms i SKUM npogoou-
aacy JIT' y nicasacikmuunomy nepiodi npomseom 2023—2024 pokie (eukopucmogysanrachb cUucmemHa 2inomepmis 3
anapamuumu 3acobamu 0xon00xcents). Inghopmauis w000 HeonamanvHo2o nepiody yra ompumana Ha niocmagi ana-
213y meduuroi dokymenmauii. Ouinka cmynens nocmac@ikmu4roi noaiopeantoi ouc@yHKyii npoeoounracs 3a WKaiow
MODE, sxa éxaruanra xapakmepucmuky cmany Heepoao2ivHoi, cepuedo-cyourHol, OuUXarbHol, WAYHK080-KUUKOBOI,
HUPKOBOI cucmemu, eemMamonoeivyii NoKasHuku, ouinky Hetipogizyanizauii ma eaekmpoenyeganroepaii. Monimopune
memnepamypu nio uac nposedenns JII' 30iticnioaécs 3a 0onomoeo peKmanvHo2o damuuxa, nicas 3axkinuenns JII do
10-i do6u scumms npoeooUSCs KOHMPOLL AKCUAAPHOI memnepamypu (sumiproeants KoxcHi 2 200unu). Pezyabmamu.
Ceped oocmencenux 19 dimeii (10 xnonuukie ma 9 diguamok) maxicki HeCnpUAMAUBI HACAIOKU 2INOKCUYHO-IleMiY-
HoI enyepanonamii maau 5 (26,3 %) dimeil. Jlimu 3 majicKumu HeCHPUSMAUGUMU HACAIOKAMU 2INOKCUMHO-IUeMIYHOT
eHyeghanronamii eipoeiono (p < 0,05) eidpiznsiuce 6id epynu 6e3 majickux Hacaiokie 3a Hacmomor 3axodie po3uiupe-
HoI nepsunHOi peanimayii (nompeba 8 MeOUKamMeHmMo3HUX npenapamax nio uac nepeuntoi peanimauii — 80,0 npomu
21,4 %), nposieamu noniopeannoi oucqynxuyii, gidoopaxcennsm saxoi € oyinka 3a wixaroro MODE (8 (6—9) 6anie npomu
2(1-3)), a makooc HaseHnicmio nposeie memnepamypHoi Hecmabinbhocmi nicas nepiody JII' (Hasenicmy enizodie nio-
BULYEeHHS aKcuasapHoi memnepamypu y oumunu 0o 10 0i6 acumms — 100,0 npomu 21,4 %). Hasenicme enizodie nio-
suujenHs memnepamypu y dumunu 0o 10 0i6 acumms mana eipoeioni (p < 0,05) Kopeasuii 3 maxumu napamempami,
AK nompeba y posutupeniii nepeunniii peanimauii (r, = 0,671); cmynino nocmacikmu4noi noniopeanHoi oucgynxuii
3a wikanoio MODE (r, = 0,673); nasenicmo cydom (r, = 0,610), namonoeiunux 3min m 1306020 monycy (r, = 0,585) uu
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eidcymnuicmo nepopanvio2o xapuyeanns (r, = 0,507) na momerm UnUCKU,; HASAEHICMb 0eCMPYKMUEHUX 3MiH MO3KO60I
mianunu (r,= 0,701). lpossu ingexyii, axi debromyeanu do 10 0i6 aeumms, peecmpysanu y 1(7,1 %) oumunu 6 epyni
Oe3 Hecnpusmausux Hacaiokie i y 2 (40,0 %) dimeii 3 epynu 3 Hecnpusmausumu Hacriokamu (p = 0, 155). Iposieu mem-
nepamypHoi ouspe2yaauyii nepedoauanru maxcki 0o62ocmpokogi Hacaioku (ananiz ROC-xpueoi) 3 dobporo diaenocmuu-
noto mounicmio (AUC = 0,893) na iominy 6id wxaru MODE, sika demoncmpyeana iominty iaeHOCMUYHY MOYHICMb
(AUC = 0,993). Obudsa nokasnuxu maru 100% wymausicms npu c60ix ONMUMAALHUX HOPO2AX, ade Cheyupiunicmp
025 npoenosysanns y wkaru MODE 6yaa kpaworo (0,786 npomu 0,929). Bucnoexu. Mu ompumanu pezyrsmamu, i
niomeepocyroms 2inomesy, uio Hemoeasma 3 mayckumu Hecnpusmaueumu Hacaiokamu T'IE nicas nposedenns JIT de-
MOHCMPY8AMUMYMb NOPYUIeHHS mepMope2yAayil (nideuiyeHHs memMnepamypu npu npooo8}CeHHi MOHIMOopUH2y WKIPHOT
memnepamypu nicas saxinuenns JII) do 10-denrnoco 6ixy. Obudsea noxasnuku oyinku (wrxara MODE i nposeu mem-
nepamyproi ouspezyasuii) maau 100% wymausicms w000 npoeHO3YEAHHSA MANCKUX Hecnpuamaueux Hacaiokie I'E, anre
cneyugiunicms 045 npoenozysauts y wikaiu MODE 6yaa kpaworo. Heobxioni nodanvuii docaioicents, uob dosecmi,
4y nog’s3aui enizodu sminu memnepamypu nicas JII' 3 necnpusmaueumu nacaiokamu I'lE.

KiiouoBi ciioBa: acgixcia; aikysanvua 2inomepmis; einokcuuno-iwemivna enyepasonamis; noniopeanna Ouc@yni-
yis; HacaioKu,; memnepamypa mina; HOBOHAPOOICeHI;, HeMOBAAMA

Bctyn

Tsxka acdikcist mpyu HApOIKEHHI Ta TIMOKCUYHO-iIIIe-
miuHa eHuedanonaris (I'NE) — ocHOBHI mpuunHMU TOC-
miTajizauii TOHOIIEHUX AiTeil 10 BiiiieHb iHTEHCUBHOI
Teparii HoBoHapomkeHux. Lllopoky y cBiTi 2,4 MminbiioHa
HEMOBJISIT TOMUPAIOTD Y MEPIINit MiCSAIIb XUTTSI, TIPUIOMY
1 MinbitoH BHacCITiIOK acdikcii mpu HapomkeHHi. o 60 %
nireii 3 I'lE momuparmTh a00 CTpaxKaaloTh Bifl 3HAUHUX I10-
pylIeHb 310pOB’s y Billi 10 2 pokiB. Lli moka3zHuku 3poc-
TalOTh y KpaiHax 3 HU3bKMM Ta CEpeIHIiM piBHEM J0XOLY,
ne BinoyBaeThest 90 % cMmepTteit. Xoda HeOHaTaJIbHA M-
LIMHA J0CST/Ia 3HAYHOTO MTPOrPECyY 32 OCTAHHI AECATUITTS,
BUICOKA YacTOTa HEBPOJIOTIYHMX NeMIillUTIB y HiTel Micis
nepuHaTaJIbHUX ypaxkeHb Bce e 30epiraeThest [1—-3].

JlikyBanbHa rinotepmist (JII') — crangapTHe JikyBaHHsI
HOBOHAPOIXKEHUX 3 ITIOMipHMM Ta TsSKKUM ctyrieHeM ['1E.
HeiiponpoTtexkTopHuit MmexaHi3M € 6araropaxkropHuM. Jli-
KyBaJibHa TilTOTepMisl 3HUKYE TTOTPEOM TOJOBHOTO MO3KY
B MeTa0OJIIUHIi eHeprii, 3MEHIIIy€E 3amajibHe, OKCUIATUB-
He Ta eKCAaWTOTOKCHYHE YIIKO/KEHHS, allONTOTUYHY 3a-
rubesb KIIiThH. JIikyBajbHa rirorepMis € e(eKTUBHOIO Ta
0e3IeYHOIO CTPATEeri€l0 Y NTOHOIIEHUX MiTel, 3HIXKYE pU-
31K MOETHAHOTO pe3yJIbTaTy CMepTi a00 3HAYHOI iHBaTiI-
HOCTi y Bimi 18 MicsiiB. OmHak y oHan 40 % HEMOBIST
3 I'E cepeaHbOro Ta TSKKOTO CTYIEHSI PO3BUBAIOTHCS He-
cnpusTauBi Hacmiaku (cMeptsh, JA LT, eminerncist Ta KorHi-
TUBHIi a00 30pOBi TOpyIIeHHS) [4].

Ily6nikauii npo JII' y HOBOHapomXeHUX Brepiie
3’aBuincs B 1986 porti. [Tpotsrom mepiux 20 pokiB g0-
CIIIIKEHHS B 1Iili raiy3i mepeOyBaiu Ha ITOYATKOBIH cTamii,
3 MEHIII HiX IT’sIThbMa myOuiKauisMu Ha pik. OmgHak 3 2007
POKY KiJIbKIiCTb ITyOJliKallili 3pOCTa€ 3 poKy B PiK, i KiJib-
KiCThb IUTYBaHb Ha PiK TaKOX IIBUIKO 3pocTa€. IHIIMMMU
cJIoBaMM, Bce Oilblle MOCTiTHUKIB 30CEPEMXYIOThCSI Ha
npobaemax JIT' y HoBoHapomxkeHux [S]. Y 1999—2003 pp.
TEPMiHU «JIeTKa TilloTepMisl», «iHIyKOBaHa TilMOTEpMis»
Ta «3yIMUMHKA Ceplsi» MaJli HaJOBIIMI Yac CIJIECKIB LM-
TyBaHHSI, KOXKHUI 3 sIKUX TniepeBuiiryBaB 10 pokiB. Tepmin
«TIOMipHa TiMoTepMmisi» HalyJacTillle BUKOPUCTOBYBABCSI
3 2010 o 2014 pik, TepMiHM «HeoHaTaJlbHA eHIlledano-
narisi», «HedponpoTekTopHa Tepamiss» — 3 2014 mo 2019
pik. 3 2019 no 2025 pik HaiyacTille UTYIOTbCS TEPMiHU
«(bakTOpy pU3UKY», «IIPOTHO3», «<KATAMHECTUUHE CITOCTE-
pexXeHHs miTeit» [5].

OTxe, pe3yJbTaTh CydyaCHUX AOCTIIXKEeHb apryMEHTY-
I0Th HEOOXiTHICTh BUBUEHHSI SIK KOPOTKOCTPOKOBMX, TaK i
noBroctpokoBux pe3yibratiB ['1E y Hemosmsrt. [TomineH-
H$I 3HaHb PO paHHi (aKTOPU PUZMKY TTOTAHOTO MPOTHO3Y
MOKE JIOTIOMOTTH BUSIBUTA HOBOHAPOJKEHUX, SIKUM OyJI1
0 KOpUCHI TpUBaJie CIIOCTEPEKEHHS, JOAATKOBE HEWpo-
MMPOTEKTOPHE BTPYYaHHS Ta paHHI METOAM peadimiTairii.

KopotkocTtpokosi HecnipusTiubi Hacainku I'IE BuzHa-
qalocsl TPOTIATOM HEOHATaJbHOIO Iepioay abo IMpOTIroM
nepiony nepedyBaHHsSI B HeOHaTaJlbHOMY BifaiieHHi. Ko-
POTKOCTPOKOBI HECTIPUSITIMBI HACTIIKM, SIKi BU3HAYAIOTh-
CsI TIPOTSTOM TIEPIIOTO THXKHS KUTTS (ACCTPYKTUBHI 3Mi-
HU MO3KOBOI TKAHWHU 3a JaHUMU MarHiTHO-PE30HAHCHOT
tomorpadii (MPT) um ynbrpa3sByKOBOTO IOCIiIKEHHSI,
BiJICYTHICTb HOpMaJlizallii IaHuX ejeKTpoeHledanorpa-
¢iunoro mocuimkenHs (EEIL), 30epexxeHHS KIiHIYHUX
o3Hak TsoKKoi I'1E mpotsrom 72 romuH), sIK mpaBWIO, BU-
3HavyalTh IPYyIy HABUIIOTO PU3UKY HEOOOPOTHUX IMOCT-
IIIeMIiYHMX YIIKOMXeHb ab0 CMepTi I MOXYTb O3HAyaTu
HEOOXiAHICTh TepeHaIlpaBlIeHHsI MEIUYHOI JOIOMOTU i
Opi€HTAalIiI0 Ha TaJiaTUBHE JIiKyBaHH4 [6, 7]. 3rigHO 3 My~
onikaniero D.EL. Gubler et al. (2025), 6inburicTs cMepTeit
(95,7 %) micns Tsoxkoi acikcii ctamacsa B mediani 3,5 (2—
6) mus xutta [8]. KiiHiuHi MposiBU TiMOKCUYHO-iIIeMiy-
HoI eHI1Iedasonarii B 1ieit yac MoaudikoBaHi MTPOBEAECHHSIM
JIIKYBaJIBHOI TilOTEpMii i He MOXYTb BipOTiTHO BU3HAYATH
nporHos [9, 10].

KopoTkocTpoKoBi HECTIpUSITINBI HACTIIKY, SIKi Big3Ha-
YaroThCs Ti3HilIe (KJIiHIYHI Ta eJeKTpoeHIIedanorpadidHi
CyJOMH TIPOTSITOM HEOHATaJIbHOIO Tepioay, aHOMaJbHi
pe3yabTaT! HEBPOJOTiYHOTO OOCTeXKEeHHS Ta BiICYTHICThb
MepopaJbHOrO XapyyBaHHS MPU BUMMKCII 3 BiImiJeHHS
iHTeHCcHBHOI Teparii) [6, 7], BU3HAYAIOTH IPYITy BUCOKO-
IO pU3MKY HEOOOPOTHUX YIIKOMXEHb MO3KY I BUMaraioTh
iHaMBigyanizanii BexeHHs 6, 7). BinkiamgeHHs BUpIlIEHHS
LILOTO TIMUTAHHS 10 MOMEHTY BUITMCKU OOMEXYE MOKIM-
BiCTh HaIlIMX T€PATIeBTUYHUX BTPYYaHb.

Hame ysiBiaeHHsT 1ipo akTopu pU3MKY HECTIPUSITIN-
BOTO IIPOTHO3Y 3MiHIOETHCS. 30epira€ThCsl Opi€HTALliSI Ha
OKpeMi TIOKa3HUKHU, CIEKTP SKUX TOCTIHHO PpO3IIMPIO-
erbes. [lepuHaTtanbHa auuaeMisi, BACOKMI piBEeHb JIaKTa-
Ty [11], HM3BKa OLiHKA 3a IIKaJlolo ATmrap, TSKKi paHHi
HEBPOJIOTiUHi pe3yJabTaTy Ta paHHI CyIOMM, BMCOKa IJIi-
KeMisl, TeMIepaTypHa IU3peryJsiilis Mil yac NpoBeIeHHS
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JIT, panusi/nepcucrytoua narosnoriuda aEET, crienudiuni
MPT-o3Haku, Giomapkepu (HelipoHcrelugiyHa eHoJja-
3a) HUHi aKTUBHO NOCIIIXYIOThCS SIK TTOKA3HUKU PUBUKY
HeCNpUITINBOro po3BUTKY [11—13]. BUKOpUCTOBYIOTbCS
TakoX KOMOiHallii MoKa3HUKiB (KJIiHIYHUI cTaH + paH-
Hsi/miepcuctyroua natojorivHa EEI/aEED + xapakTtepHi
MPT-3miHu Tanamyca/0a3ajbHUX TaHIJiiB) ab0 KOMOi-
HoBaHi mkanu (MODE Score), 1110 MaloTh BUCOKY CITe1I-
(biYHICTH/IYTAUBICTH OO TSKKUX HACIIAKIB YIIKOIKEHb
MO3KYy [14—17].

Y HOBOHAPOIKEHUX 3 TSLKKOIO Ta MOMipHO-TSXKKOIO
T'lE crnocrepiraetbcsl mopylieHHsT TepMoperyssuii [18].
JocnimkeHHsT IT0Ka3yloTh, 110 MNOCTAac(iKTUYHE YIIKO-
JKEHHSI BUKJIMKAE ITiABUILIEHHS TeMIlepaTypy MO3KY i Tija
NUATUHU, Y CBOIO Yepry, MiJBUIIIEHA TEMIIePATypa BUKIUKAE
VIIKO/KEHHSI TOJIOBHOTO MO3KY, i came ITiJBUIlLleHA TeM-
rneparypa Tijla € MapKepOM TSKKOCTI LIbOTO YIIKOIXKEHHS.
Buiia remnepatypa Tija IMTUHU TIOB’sI3aHa 3 HECTIPUSIT-
JIMBUMM HaCJiIKaMU JUUIsI HEMPOPO3BUTKY Y 18-MicsuHOMY
Biui. HesanexHo Bix Toro, uu € 1eit 3B’S130K NMPUUUHHO-
HacaigkoBuM, pekomeHaamii [Iporpamu peanimaliii HOBo-
HapO/KEHUX HATOJIOLIYIOTh Ha TOMY, IO KJIiHILIUCTH TI0-
BUHHI PETeJIbHO YHUKATH Ta/a00 3HMXKYBATU MiABUIICHY
TeMIlepaTypy B paMKax cradinizauii crany [13].

V nocnimkenHi U. Mietzsch et al. (2023) 6yJ10 noBene-
HO, 10 «TeMIepaTypa MaTpala» JUisl MPOBEACHHS anapar-
Hoi JIT (TemniepaTypa Boau Ha BUXO/Ii 3 0XOJIOIKYBaJIbHOTO
MPUCTPOIO) TIPOTHO3YE YIIKOIKEHHSI MO3KY. TemIiepaTtypa
Marpalia y HOBOHApOJKEHUX, SIKi TTOMEpJIM ab0 BYMXKWIN
3 HEWPOITOBEAiHKOBUMU TIOPYIIEHHSIMU, Oyjia CTabiIbHO
Ha 1,5-3,0 °C Bumoto npotsirom nposeneHHs JII' mopis-
HSIHO 3 JiThbMM 6e3 Takux nopyiueHs [19]. 3rinHo 3 maHu-
mu K. Tsuda et al. (2022), Buia TemIieparypa Tijia mim gac
ha3u 0XOJIOMKEHHS Ta BUIIIA YaCTOTa CEPLIEBUX CKOPOUEHb
JIO Ta MiJ 9ac OXOJOMKEHHs OyIu IMOB’sI3aHi 3 HECIIPUSIT-
nuBuMU Hachainkamu [20]. BogHouac Oyiau omyOGiikoBaHi
1 iH1Ii pesynbratu. IlepeoxoomKeHHs Mil yac aKTUBHOTO
OXOJIOMXKEHHSI Ta HECTAOIbHICTh TEMIEepaTypH ITicJIsI 3irpi-
BaHHS (56 % HEMOBJIAT CTpaxkIaiu Bix rimotepmii, 1 % —
Bin rimeprepMii) Oy TOB’si3aHi 3 TipIIMMU HACTiIKaMMU.
3AaTHICTh MiATPUMYBATH HOPMOTEPMIlO MiCJIsl 3irpiBaHHSI
Oysa MoB’si3aHa 3 KpalluM HEeWpOpPO3BUTKOBUM pe3yjibra-
toMm (RR =0,718, 95% 111 0,531-0,970, P =0,031) [21].

CyyacHi iHCTpyMEHTaJbHi JOCHIIKEHHSI TOKa3aju,
110 JIIKyBaJIbHA TilTOTEepMisI, sIKa 3aCTOCOBYBaJIacsI BiIIIO-
BIIHO O Cy4aCHMX peKOMEeHJallili, 3HUXyBaja TemIiepa-
Typy MO3KY HOBOHAPOIXKEHUX 3 TiMOKCUYHO-iIIIEMiYHOIO
eHlleaonaTi€lo MPOTIroM IepIIUX IHIB XUTTS, aje He
3arobiria paHHbOMY ITiABUILIEHHIO TeMIEepaTypud MO3KY
Yy HOBOHAPOIXKEHUX, Y SIKUX PO3BUHYJIOCS NE€CTPYKTUBHE
YIIKOXKEHHS TOJIOBHOTO MO3KY, HE3BAXKAIOUM Ha 11e JIiKy-
BaHHS. TeMmmieparypa MO3KY, BUMipsiHa 3a JOTIOMOTOIO Mar-
HITHO-PE30HAHCHOI CIIEKTPOCKOITi1, SIK MPaBUJIO0, 3aJMllIa-
Jlacsl BUILIOO TTpUOIM3HO 110 10-ro nHs XUTTs (Y 6a3aIbHUX
TaHIJIiSIX Ta y OijTiii pe4yoBUHi) i MPUOIM3HO 10 MiCIYHOTO
BiKy (y 0a3aJbHUX TaHIJIiSIX) Y HOBOHAPOMIKEHUX, V SIKHIX
PO3BUHYJIOCS JECTPYKTUBHE YIIKOIXKEHHSI MO3KY, IMOpPIiB-
HSIHO 3 TUMHU, Y KOTO 1IbOTO YIIKOKEeHHs He Oysio [19]. Ta-
KMM YMHOM, OLIiHKA TEPMOPETYJISLIil € MEPCIEKTUBHOIO SIK
Mapkep nporHosyBaHHs HacainkiB I'IE [18].

Mera: nepeBipka rimore3u Mnpo Te, IO HEMOBIATA 3
TSOKKMMW  HECTIPUSATIAMBUMU  HACHiIKAMMU TiMMOKCUYHO-
imemiyHoi eHuedanonarii 1eMOHCTPYIOTb MOPYIIEHHS
TepMOpeTyJisiiii (KOJMBAaHHS aKCWJISIPHOI TeMIlepaTypu
nicas 3akinyeHHs1 JIT) no 10-neHHOro BiKY.

MarTtepiaAn Ta meToamn

PoGoTa BuKoHaHa Ha 0a3i HEOHATAJIbHOTO IIEHTPY Ta
LIEHTPY KaTtaMHecTUIHOTO crioctepexxeHHs KIT «Perio-
HAJIbHUN MEIWYHMII LIEHTP POIMHHOIO 3I0pOB’s» [lHi-
IIPOBCHKOI 00acHOi pamu. JJocIimkeHHs IIPOBOAMIOCS B
pamkax HJIP xadenpu nemiatpii 3 Ta HeoHaTosorii «Ilim-
XOJIU 10 AiarHOCTUKM Ta JIiIKyBaHHSI XBOPOO AUTSYOTO BiKy
3 MO3Ullil Oe3MeKu Iali€eHTa», HOMEpP AepXpeecTpalii —
0121U114304. JocaimKkeHHsT cXBajleHe KOMICIE€IO 3 €TUKU
JIHIMPOBCHKOTO AEP>KaBHOTO MEJIMYHOTO YHIBEPCUTETY.

Jw3aitH nocitigkeHHs OyB BUSHAYEHUN SIK PeTPOCTEK-
TUBHE OJHOLICHTPOBE KJIiHIUHE MOCIiIXEHHS. Y HBOTO
Oy BKJItOUYeHi 19 miteid, sKi 3HaXOMWJIUCh TTiJ] CIOCTepe-
JKEHHSIM 10 IPYTOTO POKY XXUTTS i sKUM npoBoaunack JIT
y nmoctaciktruuromy nepiomi rpotsaroM 2023—2024 poxis
(cucTemMHa TinmoTepmisi 3 BUKOPUCTaHHSM arapaTHUX 3a-
C00iB 0x0J0mKeHHs ). KpurepisMu BKIIOUEHHS OyIu IIpo-
BeneHHs JII' micyiss HapomXeHHs BiIMOBIZHO JO MOKa3aHb
(recrauiiiHuit BiK > 35 TUXXHIB; O3HAKM MEPUHATAJIBbHOL
nenpecii (owiHka 3a mkanoo Amnrap < 6 Ha 10-i XBUIMHI
XKUTTS ab0 MPOBENEeHHST MEPBUHHOI peaHiMallil TpOTSroM
He MeHIe 10 XBUIMH); MOMipHa a0 TIXKa TiMOKCUYHO-
imeMiuyHa eHuedanonaTisi (3a TaHUMM MOIM(DIKOBaHOT
mKkanu Sarnat), HasiBHa y Bili 1—6 roamH). Kputepisimu
BUKJTIOUEHHST OyJIM TeCTAllifHUI BiK MEHIIE HiX 35 TIXK-
HiB, iaTHOCTOBaHi BPOIKEHI Baau PO3BUTKY, T€HETUYHI
nedeKTu, Iporpecyovya BEHTPUKYJIOMETalisl 00CTPYKTUB-
HOTO XapaKkTepy, IlepeHeceHi HelpoiH(eKIlil, TeMoiTHIHA
XBOpP00Oa HOBOHAPOIXKEHOTO.

Indopmaliis om0 HeoHaTaJILHOTO Mepioay Oysaa OTpU-
MaHa Ha IiJCTaBi aHa/li3y MeAnYHO1 noKyMeHTalii. [Tpots-
roM nepeOyBaHHS IiTel y BiAdiIleHHi iHTEeHCUBHOI Tepartii
MPOBOJMBCS KOHTPOJIb TeMmIlepatypu Tijla. MOHITOpUHT
TeMmIlepatypu IIia yac mpoBeaeHHs JII' 3milficHioBaBcs 3a
JIOTIOMOTOI0 PEKTAJIBHOTO AaT4yuKa, micis 3akiHdeHHs JIT
no 10-i 1oO6u KUTTSI TIPOBOAMBCS KOHTPOJIb aKCWJISIPHOI
TeMreparypu (BUMIpIOBaHHSI HE pifllle HiXX KOXHi 2 ro-
nunHn). [licng 3akinueHHs npouenypu JII' BpaxoByBainch
BiIXWICHHS TeMIlepaTypd Bil HOPMaJIbHUX ITOKAa3HHUKIB
(36,5—37,5 °C) K B CTOPOHY IiABUILEHHS, TaK i B CTOPO-
Hy 3HIKeHHs. O1iHKa CTYIeHs IToCcTaciKTUIHOI IMOJIiop-
raHHoi nucgyHKIii mpoBoamiacs 3a mkaiaow MODE, ska
BKJIIOYAJIa XapaKTePUCTUKY CTaHy HEBPOJIOTiUHOI, ceplie-
BO-CYIMHHOI, OTUXaJbHOI, IIIYHKOBO-KUIIKOBOI, HUPKO-
BOI CHCTEMM, TeMaTOJIOTiYHi ITOKAa3HUKHU, OLIIHKY HEeHpo-
Bisyanizailii Ta enekTpoeHuedanorpadii. [HTepripeTaltis
cyMmapHoro 6aa Oysa Takorw: 0—2 6anu — MiHiMabHa abo
BiZICYTHSI MYJIBTUCUCTEMHA TUCGHYHKIIisI, 3—6 6ajiB — Imo-
MipHa aucdyHkiist, 7—10 6aniB — BUpakeHa AMCOYHKIILiS,
> 10 6amiB (11—15) — TsoKKa MyJIBTUCUCTEMHA TUCHYHK-
st [17].

KputepisiMu KOpOTKOTEpPMiHOBOTO HECTIPUSITIIMBOTO
nporao3y ['IE BBaxkanucst cMepThb AUTUHM, O3HAKM Je-
CTPYKTMBHUX TilMOKCUYHO-imeMiuHux ypaxeHb IIHC,
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CyIIOM Ta IaTOJIOTIYHOIO M’SI30BOrO TOHYCY, BiICYTHiCTh
MOBHOLIIHHOTO MEePOpaJIbHOI0 XapuyyBaHHS (Ha MOMEHT
BUITUCKU 3 HEOHATAJIbHOTO cTallioHapy) [6, 7].

Yci fith B MoAasiblIOMy CIOCTEPIrajiMCh MeniaTpoM Ta
JIUTSTYMM HEBpoJioroM. HeBposIoriyHMiA pO3BUTOK OLIiHIO-
BaBCs 3a JI0IMOMOro0 ImKaau Ages & Stages Questionnaires®
(https://www.broomfieldpediatrics.com/ages-stages-
questionnaires/). YciM OiTIM MpPOBOAWJIOCS TIOBTOPHE
HelipocoHorpadidyHe 0O0CTeXKeHHS VIS MOTBEPIKEHHS ab0
BUKJTIOUEHHS IECTPYKTUBHUX MOCTIlIEMITHUX YpaskeHb MO3-
Ky. HoBoHapomkeHM 3 KOPOTKOTEPMiHOBUM HECTIPUSTIIN-
BuM niporHo3oM I'IE npoBonuiacss MPT roioBHOro Mo3ky.

KputepieM MTOBroCTpOKOBUX TSKKUX HECTIPUSITIMBUX
HachaiakiB I'lE BBaxxanuch cMepTh TMTUHU, HASBHICTb e~
CTPYKTUMBHUX illIEeMiYHUX YPaXKEeHb MO3KY, AUTSIYOTO 1iepe-
OpajbHOTO Mapasivy.

OtpuMaHi gaHi Oy/v momaHi y BUTJISII MeIiaH! Ta MixK-
KBapTUJIBHOTO [iarma3oHy il Oe3MepepBHUX 3MiHHUX,
KIiJTbKOCTI Ta BiICOTKA Bijl 3arajibHOI KiJIbKOCTI JIJIsI KaTre-
ropiaqbHUX 3MiHHUX. CTaTUCTMYHA 0OpOoOKa pe3yJbTaTiB
MPOBOIMIACH 3 BUKOPUCTAHHSM METOJIB OLIIHKY e(heKTy
MpY aJIbTepHATUBHIN (GopMi pe3yabTaTy peakilii (TOYHMA
Kkputepiit Diniepa, ABOCTOPOHHII), OLIIHKU BiAMiHHOCTEM
MiX IBOMa He3aJeXXHUMM BUOipKaMu 3a piBHeM OyIb-sKO1
O3HAaKM, BUMIpSHOI KiJIbKiCHO, MiX MaJUMU BHOipKaMu
(xputepiit ManHa — YiTHi). 3gaTHiCTh nependayaTy Ko-
POTKOCTPOKOBI Ppe3yJIbTaTi OLIHIOBJIA 32 JOINOMOIOIO
ROC-anamnisy (receiver operating characteristic). JIust Bcix
BUJIiB aHaIi3y KPUTUYHE 3HAYEHHS PiBHS 3HAUYIIOCTI (p)
npuiimanocs < 0,05.

PesyAbTaTH

Cepen obcrexxenux 19 mireit (10 xonmuukis ta 9 giBva-
TOK) TsEKKi HecnipusiTausi Hachiaku ['TE manu 5 (26,3 %)
niteit. OnHa (5,3 %) nuTuHa roMepiia y Bimi 8 mib Kut-
TS 3 O3HAKaMM BHYTPIIHHOMO3KOBOTO KPOBOBUJIUBY. Y
4 (21,1 %) niteit mo 1 poky OynM HiarHOCTOBaHI O3HAKU
aTpodiYHO-AECTPYKTUBHUX 3MiH MO3KY (ITiATBEepIKEHi Ha
MPT) ta qutsiyoro uepedpanbHoro napanivy. Cepen nuux 4
niteit mo micstaHoro Biky y 2 (10,5 %) Oy BusiBiieHi 03Ha-
K1 TUY3HUX IMIEeMiYHUX 3MiH MO3KY Ta MYJIBTUKiCTO3HOT
nevikomansiii, B 1 (5,3 %) IUTUHM TiarHOCTOBaHE illIeMiv-
He ypaxkeHHs 0a3albHUX TaHTJIiB, 1mie B 1 (5,3 %) nutuHu
BUSIBJISLTUCH JIMIIIE O3HAKM cy0aTpodiyHUX 3MiH MO3KOBOI
TKaHWHY (PO3LIMPEHHS 30BHIIIHIX Ta BHYTPIIIHIX JIIKBOp-
HUX IPOCTOPIB).

Ouinka 3a mkanoro MODE B 3aranbHiii rpymi cro-
cTepekeHHs Oyna Takoro: 9 (47,4 %) nmiteit — MiHiManbHa
abo BifCyTHs MynbTHCUCTeEMHA aucdyHkuis, 7 (36,8 %)
nireil — nomipHa pucdynkuis, 2 (10,6 %) nutuHn — BU-
paxeHa MyJabTHCUCTeMHa auchyHkuisg, 1 (5,3 %) nutu-
Ha — TsDKKa MyJbTucucteMHa aucdyHnkuis. Cepen miteit
3 TSDKKMMM HECTIPpUSITJIMBUMM HAacCJiAKaMy PO3IOAiT 3a
mkanoro MODE 6yB Takum: 2 (10,6 %) nuTuHU — TIOMip-
Ha auchynkiis, 2 (10,6 %) IUTUHY — BUpakeHa MYJIbTH-
cucteMHa quchyHkiis, 1 (5,3 %) nuTnHa — TSKKa MYJTb-
TUCHUCTEMHA TUCQPYHKIIIS.

XapakTepuCTUKa OiTel, SKi MiIIsraau IIPOBEIeHHIO
JIIKyBaJIbHOI TimoTepwmii, 3ajexHo Bin HaciakiB ['IE HaBe-
JeHa B TabJ. 1.

JitT! 3 TSDKKUMM HecpusaTauBUMU Haciainkamu ['TE
BiporigHo (p < 0,05) Bigpi3HSIMCh YaCTOTOO 3aXO/IiB PO3-
IIMPEHOI MEPBUHHOI peaHiMallii, MposiBaMM IMOJIiOpraHHO1
IUC(YHKIII, BiToOpakeHHsIM SIKOi € OIliHKa 3a IIKaJo0lo
MODE, a TakoxX HasBHICTIO IIPOSIBIB TeMIIepaTypHOI He-
crabinbHOCTI TTichs nepiomy JIT.

HasiBHicTb enizoiB MmigBUILIEHHS TEMIIepaTypu y TUTH-
Hu 1o 10 mi6 xwutta mana Biporimdi (p < 0,05) xopeisiii
3 TAaKMMU TIapaMeTpaMu, SIK 1MoTpebda B PO3IIMPEHiil mep-
BMHHIll peaniMauii (r, = 0,671), cTymiHb mocTacikTHIHOL
noniopra”Hoi aucdyHkuii 3a mkanoo MODE (r, = 0,673),
HasgBHICTb cyaoMm (T, 0,610), TATOJOTIYHMX 3MiH
M’s130BOr0 TOHycy (r, = 0,585) uu BiACYTHICTb Mepopasib-
Horo xapuyBaHHs (r, = 0,507) Ha MOMEHT BUIIUCKM, HasIB-
HiCTb I€CTPYKTUBHUX 3MiH MO3KOBOI TKaHUHMU (1, = 0,701).

3parHicts mkaniu MODE Ta mposiBiB TemmneparypHoi
IU3peryJsilii mepeadadyaTd JOBFOCTPOKOBI  pe3yJbTaTu
olLliHIOBa/M 3a noromoroto aHajizy ROC-kpuBoi (receiver
operating characteristic). lllkanza MODE nemoHcTpyBaia
BiAMiHHY aiarHocTM4HY TouHicTh (AUC = 0,993), Temmne-
paTypHa OU3PETyJSLiss — O00pYy HiarHOCTUYHY TOYHICThb
(AUC = 0,893). Pesynbratu ROC-aHanizy HaBeneHi B
Taom. 2.

Oo6unBa mokasHuku Maiu 100% 4dyTauBICTh TIPU CBOIX
ONTUMAJIbHUX TOporax, aje Creuu@iyHiCThb IJIs IIPOrHo-
3yBaHHs y mwkanu MODE 6yna kpamoro. Illkana MODE
Oysia GBI TOYHOIO U CKPUHIHTOBOI'O MPOTHO3YBAaHHS
(MiHIMYM XMOHOHETaTUBHUX Pe3yJIbTaTiB). Ajie IPU HeBe-
JIMKil BUOipLi He OyJI0 rapaHTii, 1110 HA HOBUX Ialli€HTaX
Mozeib 30epexe 100% uyrnusicts. LInpoxi noBipyi iHTep-
BaJIv, OCOOJIMBO TSI CIIEIMMIYHOCTI, 03HAYAIOTh, IO pPe-
3yJIBTAT BapTO BBAXXaTH ONTUMICTUUHMIM, aJie 1ie TTIOTpedye
IMOTBepIKeHHS Ha OiIbIIiii a00 He3aexKHill BUOipIIi.

Komb6inoBana mogens (mkana MODE + niposBu TeM-
nepaTypHOI OU3PEryJIsiiiil) IeMOCTPY€E IMTOTeHLIITHO HAaliB1-
111y TOYHICTb, ajie IJIs1 KIIiHIYHOTO MiATBEPIKEHHS TeX CIIiJL
MPOBECTU Bajifallilo Ha OUIBIIN KOropTi Mali€eHTiB abo
BUKOPUCTATH CTATUCTUYHY MEPEBIPKY.

BukopucraHHs  TepexpecHoi  mepeBipku  (Kpoc-
BaJtifallii) mokasayuo, 1o Moaeiab aeMoHcTpye 100% Tou-
HICTh MIPY KOXXHOMY PO3IOAT JaHUX, IO MiATBEPIKYE il
abCOJIIOTHY TIPOTHOCTUYHY 3[IaTHICTh Ha HasiBHill BUOIp-
1i. AJie 11e TaKOX MOXe O3HayaTH, 110 MPEAUKTOPU YiTKO
pO3AUISIIOTh KJlacu (TOOTO MiTU 3i CIIPUSATIUBUM Ta He-
CIIPUATIMBUM MPOTHO3aMHU MalOTh 30BCiM Pi3Hi 3HAYCHHS
BUXiTHHUX T1apaMeTpiB) abo X BuOipKa 3aHaaTo Mana abo
OITHOPiTHA, TOMY MOJIEJIb HE CTUKAETHLCS 3 peaTbHUMU «I10-
IrpaHUYHMMU» BUTIaAKaMU. BUKOpUCTaHHS CTaTUCTUYHOT
MoOJIeJli «iMiTallii He3aJexXHOoi BUOipKu» (MOIeTIOBaHHS,
sike Moxke 3MiHuTH AUC npu nosiBi «irymy» (label noise,
MOMWIKM BUXiIHMX JaHUX) a00 HOBUX JaHUX) IOKa3aJo,
110 JOJABAaHHS «IIYyMy» IMOMITHO He MKoauTh mo 0,50,
ane npu lo AUC 3Huxkyetbes 10 0,93 = 0,06. «Ilym» 3a
npeaukTopoM 1mKaau MODE He 3menirye AUC y mexax
0—20 (Momenb iHBapiaHTHA 3aBAsiKY cTanaptusaitii). [ym
y MiTKax (HenpaBUJIbHi 800 HETOUHI «€TUKETKU» iICTUHHO-
ro CTaHy) — HAWKPUTUYHIIIMK (aKTOp: SKIIO HACITIIKKA
I'E 6ynyTh noMuiakoBo no3HaueHi y 30 % nauienris, AUC
3MeHIIuThes 10 ~ 0,69 £ 0,09. Otke, nepesipka Tirnore3u
notpeOye 30BHILIHbBOI Bajligallii Ha He3aJeXHiil KOTOPTi.
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Ta6nuus 1. XapaktepucTtuka giteii, sKi nigasrann npoBegeHHIo JliKyBasbHOI rinotepmir,
3anexHo Big Hacnigkis lNE

Moka3HukKu

Mpynu cnocTtepexeHHs

LiTn 6e3 THKKnNX
HeCNpPUATINBUX
HacnipkiB I'lE (n = 14)

AiTn 3 TAXKNMU
HeCcnpUATAMBUMM
Hacnigkamu IE (n = 5)

[ecTauiiHWi BiK NpU HAPOOXKEHHI B TUXKHSAX, MefdiaHa
(kBapTnni)

40,0 (39,0-40,0)

40,0 (39,0-40,0)

Maca npv HapogXXeHHi B rpamax, MefiaHa (KBapTuii)

3575 (3140-3920)

3900 (3,400-4500)

OuiHka 3a wkanot Anrap 4epes3 1 xBunvHy, mefiaHa

10 gi6 xutT4, n (%)*

(ksapTvni) 2(2-2) 1(1-2,5)
OuiHka 3a wkanoto Anrap 4yepes 5 XBUNWH, MediaHa

(KBapTIN]) 3 (3-5) 3 (2-4,5)
Xnon4uku, n (%) 8 (57,1) 3 (60,0)
Lisyatka, n (%) 6 (42,9) 2 (40,0)
IHTy6aLis B nonorosomy 3ani, n (%)* 6 (42,9) 5(100)
[NoTpeba B KOMMpeCiax cepus nig Yac NepBUHHOI peaHimMaLlii,

n (%)* 6 (42,9) 5 (100)
[MoTpeba B MegnKameHTO3HMX npenaparax nif Y4ac nepBUHHOI

pearimauii, n (%)* 3(21,4) 4 (80,0)
[MoTpeba B NnpoBefeHHi NepBUHHOT peaHimMaLii 6inbLue HidxX

10 xB, N (%) 9 (64,3) 5 (100)
MoTpeba B WTY4HI BeHTUAAUIi nerens (LUBJT), n (%) 14 (100) 5 (100)
Tpusanictb LLUBJ1y gHax, megiaHa (kBapTuni)* 6 (5-8) 20 (17-25)
[MoTpeba B remoguHamiyHin nigTpumui, n (%)* 5(85,7) 5 (100)
TpuBanicTb iHOTPOMHOI NIATPUMKM Yy OHAX, MefiaHa (KkBapTusi)* 0 (0-4) 7 (7-17)
TpvBanicTb oniroaHypii y AHAX, MegjaHa (KBapTuni; min—-max)* 0 (0-1) 3 (3-4)
MigBYLLEHHNA PIBHA KpeaTUHiHY y OHSX, MediaHa (kBapTuni)* 0 (0-0) 1 (0-5)
TpuBanicTb NOPYLUEHHA PYHKLiT NeYiHKW y OHAX, MediaHa o _
(kBapTMni) 0 (0-0.5) 1(0-1)
TpuBanictb remopariyHoro CMHAPOMY y OHSAX, MediaHa (kBap- . _
TIni) 0 (0-0) 1(0-1)
Tpueanictb TpoMOOLMTONEHIT y OHAX, MefiaHa (KkBapTuii) 0 (0-0,5) 1 (0-20)
Cypomu, KniHi4Hi Ta/abo enekTpoeHuedanorpadiyHi, n (%)* 1(7,14) 4 (80,0)
TpvBanicTb CYyGOMHOIO CMHAPOMY Y AHAX, MefjaHa (KBapTuni)® 0 (0-0) 20 (0-35)
[MoyaToK eHTepanbHOro xapyyBaHHs y OHSAX, MefdiaHa (kBap- . B
TIni) 4 (3-8) 8,5 (4-12)
[MoyaTok NepopanbHOro xapyyBaHHs y OHSAX, MediaHa (kBap- | .
T!ni; min-max) 15 (8-20) 18,5 (8,5-27,5)
BigcyTHiCTb NepopasnibHOro xap4yBaHHA Ha MOMEHT BUMUCKM,

n (%)* 0 3 (60,0)
BigHoBneHHs pedhnekTopHOi akTUBHOCTI (OHi) 8,0 (6-15) 10 (0-25)
TpuBanicTb NOPYLLUEHHA M’A30BOIO TOHYCY (OHI)* 0 (0-5) 27,5 (10-53,5)
TpwBanictb nepebyBaHHSA y BioOiNEHHI iIHTEHCUBHOI Tepanii

HOBOHapPOKEHWX AiTEN, LLO BUXWUK, Y OHAX, MediaHa (KBap- 10 (9-25) 28,5 (23,5-30)
T!ni)*

MposiBu iHdekuii, aki gebotyBany fo 10 Ai6 xutTa, n (%) 1(7,1) 2 (40,0)
OuiHka 3a wkanoto MODE, mepiaHa (kBapTuni)* 2 (1-3) 8 (6-9)
HasgHicTb enisogis nigBULLEHHS TeMnepaTypy y QUTUHU 0O 3 (21,4) 5 (100,0)

Mpumitkun: * — BiporigHicTe BiamiHHocTeli (p < 0,05) 3rigHo 3 nigpaxyHkom kputepito MaHHa — YiTHi; * — Bipo-

rigHicTb BigminHocTeli (p < 0,05) 3rigHo 3 nigpaxyHKoM TOYHOro kputepiio Diwepa.
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Ta6nuuys 2. Peaynbstat ROC-aHanisy

OnTumanbHumn Yy1nmeictb CneumdiyHicTb
MEREERTLS LS = ) nopir (95% CI Sp) (95% CI Sp)
LLkana MODE 0,992 5,0 1,0 (1,0-1,0) | 0,929 (0,75-1,0)
Mposiau TemneparypHol anape- 0,893 1,0 1,0 (1,0-1,0) | 0,786 (0,62-1,0)
rynauil
Wana MODE + nposisu Temne- 0,998 5,6 1,0(0,0-10) | 1,0(0,25-1,0)
paTypHoi An3perynsuji

Sxio B 6a3i JaHMX AiarHO3M Ialli€EHTIB Ta HACTiIKKU
naToJIorii OyayTh BM3HauyeHi 0e3 IOMUJIOK, TOMAi HaBiTh
SIKIIIO B CaMUX BUMipIOBaHHSX (HampuKJaa, TeMrepaTypa
wKipu, ouinka mkany MODE) ¢ HeBeMKi noxXuoKu ado
KOJIUBAHHS, MOJIeJIb IIOBUHHA BCE OJHO NMPAIIOBATH CTA-
0iJIBHO.

O6roBopeHHs

HesBaxatouu Ha 3HaYHMIT PO3BUTOK Pi3HUX JiarHOC-
TUYHUX METOMiB, OILiHKA CTyMeHs micasachikTHIHOTrO
YIIKO/KEHHSI MO3KY Ta BUSHAYEHHST TTPOTHO3Y (Hacamrie-
pel KOpOTKOTepMiHOBOro) y HoBoHapomkeHux 3 ['IE, ski
JIKYIOTbCS 3a moromoroo JII, Bce 1mie 3aauinaeTbest mpo-
0J1€MOI0, OCKIJIbKU BCi IiarHOCTUYHI iHCTPYMEHTH MaloTh
MneBHi 00MexXeHHsI. BukopucTaHHsI IKaj KJIiHIYHOI OLIiHKK
JI03BOJIIE 00’ EKTUBYBATH OLIIHKY Ta ITOPiBHIOBATU PE3YJib-
TaTu MiX pi3HUMM TanieHtamu. Illkama Amrap Ta mkasna
Sarnat BOCHOBHOMY BUKOPUCTOBYIOThCS JUISI OLIIHKM CTaHy
HOBOHAPO/IXKEHOTO MPU HAPOKEHHI Ta € OTHUMM 3 OCHO-
BHUX KPUTEPIiiB JJIsI BUSHAUCHHSI TIOTpeOr y MpOBEJACHHI
JIT. BoHM TakoX KOPMCHI SIK IPOTHOCTUYHI iHCTPYMEHTH,
Xoya pe3yJbTaTh TOCTiIKEeHb € HEOTHO3HAUHUMU [22, 23].

BuxkopucraHHs MyJbTUMOOAIBHUX IIKaJ, SIKi JalOTh
KUTBKiCHY OIIIHKY MOJIiOpraHHOi AMCOYHKIII Ta Bpaxo-
BYIOTb OOMATKOBiI Mapkepu (Heiiposisyamnizauisg, EEI),
HaJga€ MOXJIMBICTb OUTBII MPaBWILHOTO IPOTHO3YBaHHS
HachiakiB I'lE. 3rinHo 3 myOaikaliisimu, 0ana 3a IIKaJlolo
MODE maB BUCOKY IPOTHOCTUYHY CUJTY II0JI0 CMEPTi HO-
BOHAPOIKEHMX B MmicasachikrnaHoMy nepiomi (AUC 0,96,
p = 0,002). HemoBsiTa, y IKMX CIIOCTEPIraaucs B Monaib-
IIIOMY TIaTOJIOTiYHi HEBPOJIOTIUHI HACIiIKWA, MaJld 3HAYHO
BuILi 6anu 3a mkanoro MODE (p =0,001) [17].

IToniGHi pe3ynasrat Oy OTpUMaHi B HAIIOMY JTOCJTi-
IDKeHHi, a came BiporigHi BimMiHHOCTI (p < 0,05) mkamm
MODE wmix rpymamu miteit 3 TsokkuMu Hacminkamu I'IE
Ta 6e3 HUX, BUCOKA MPOrHOCTUYHA 3HAYYIIICTh 1110JI0 HE-
cnpusitauBux Hacaiakis (AUC 0,99, p < 0,05).

OCKiIbKY YIIKOIKEHHSI MO3KY CIPUYMHSIE AUCHYHK-
1il0 LEHTPY TEPMOPEryJsllii, METOA OILIHKW CTYIeHs
YIIKOJ>KEHHST MO3KY Ta MPOTrHO3Y, 3aCHOBAaHMI Ha OLIIHII
TepMOpETyJIsiiiii, TAKOX BUKIMKaE iHTepec [23]. Mu obpa-
JIV TPYITY OiTe AJIsT MOCTiIKEeHHs, SIKi mepedyBaau Ha ama-
paTHOMY OXOJIOJXKEHHI, OCKiJIbKU TTACUBHE OXOJIOIKEHHS
a00 aKTHMBHE OXOJIOIKEHHSI 0€3 CepBOKEpOBAHOIO MpU-
CTPOIO TIOB’sI3aHi 3 pU3MKAMU TIEPEBUILICHHS TeMIIEpaTypu
Ta 11 BUIKUX KOJIMBAHb, IPUUOMY HEMOBJISITA 3 TSKKOIO
T'lE maroTh HallOUIbIINiE pu3KK [24—26].

Ha tni I'lE HoBOHapomkeHi MalOTh MOPYIIEHY Tep-
MOPETYJISILiI0 BHACTIIOK MOETHAHHS 3MiH LEHTPaJbHUX
(rimoTaiaMivyHuX) i mepudepuyHrUX MEXaHi3MiB peryJss-

1ii, MeTaboJi3My Ta MYJBTUOPraHHUX IUCOYHKIIN [23].
[ligBuiieHa temmeparypa y HoBoHapomkeHux 3 I'1E Oyna
MOB’s13aHa 3 BULLIMM PU3UMKOM CMepTi a00 iHBaJIiTHOCTI I10-
PiBHSIHO 3 HEOXOJIOIXKEHUMM HEMOBJISITAMM 0€3 IMiIABUILe-
HOI TemIiepaTypu (3 ypaxyBaHHSIM CTafil eHuedanonarii).
VY nocnimxenni NICHD NRN noBeaeHMit 3B’SI30K MiX
T IBUILIEHOIO TeMIIepaTypoio Ta cMepTio abo 1Q < 70 [27].
Temniepatypa MO3Ky, BUMipsiHa 3a JOTIOMOTOI MarHiTHO-
PE30HAHCHOI CITEKTPOCKOITii, Oys1a BUIIIOIO B OXOJOIKEHUX
HEMOBJISIT 3 JECTPYKTUBHUMU TICISIIIEMiYHUMM YILIKO-
JKEHHSIMU TOJTOBHOTO MO3KY TTOPiBHSIHO 3 OXOJIOIXKEHUMU
HEMOBJISITAMHM 0€3 TaKMX YIIKOMKeHb [28]. OTxXKe, olLliHKa
TePMOPETYJISILIL € MepPCIEeKTUBHOIO K (i3ionoriaHuii 6io-
MapKep ISl TIPOrHO3YBaHHSI pe3y/bTarty, 110 BigzoOpaxkae
TSDKKiCTh TpaBMu [18].

Binomo, 110 Temmeparypa Tijla Ta MO3KY KOpPEJIOE
y 3I0pPOBUX OCiO, ajie MK HUMM iCHY€E OMCOLiallis Mpu
VIIKOMXKEHHI TOJJOBHOro MO3Ky [28]. Mu oTrpumanu pe-
3yJIBTaTH, SKi MiATBEPAXYIOTh TilmoTe3y, 110 HEMOBJISATA 3
HecnipuaTauBuMKu Haciinkamu ['IE nemoHcTpyBaTUMyTh
MOPYILIEHHST TEPMOPETYJISLIIT MiC/IsT TTPOBENEHHSI Tepares-
THIHOI rirmorepMii. Lli mopymenns (ImiaBuieHHS TeMITepa-
Typy) MOXYTb OyTU 3apEECTPOBAHMMMU TIPU TTPOJOBXKEHHI
MOHITOPUHTY LIKipHOI TeMIepaTypH Imicis 3akindeHHs JII.

OsHaku iHgekil npotsarom mnepiiux 10 THIB KUTTSI
BUSIBJISLIMCDH y 2 miteit. JliTepaTypHi gaHi 111010 KoMOiHO-
BaHOTO BIUIMBY HEOHATaJbHOI iH(EKIIii Ta CENCUcy y HOBO-
HapoIXeHUX, sIKi oTpumyBanu JII, € cynepeunnBumu. Aie
HE3BaXXalouM Ha Te, IKUM € MEXaHi3M ITiIBUILICHHS TeMIIe-
patypu (44 1Lie HACiIOK MiCISITiMOKCUYHOTO YIIKOMKEHHS
MO3KY, UM 1Ie TIposiB iH(eKIlil), 116 He Ma€e 3HAYCHHS IS
nporHo3yBaHHs HacminkiB ['IE. Amxe iHdeKIIis He TiabKuI
MOCWIIIOE yIIKomKeHHsT Mo3ky 1ipu ['lE, ane it moxe 1o-
c1abII0BaTU TePAIIeBTUYHUM e(heKT OXOIOMKeHHS [24].

Hamre pochimkeHHsT mMae oOOMexXeHHsSI, OOyMOBJIEHi
HEBEIMKOIO KiJbKICTIO BUIMAAKiB, OTXKE, BUCHOBKU TeEXK
MOXYTh OyTH OEII0 yIepemkeHMMHU. Mu He Big3Hauyaaud
MPOSIBiB 3HMKEHHSI TeEMIepaTypH Tijia, MOXJIUBO, 1ie OYyJI10
OO0YMOBJICHO CaMe HEeBEJIMKOIO KiJIbKiCTIO IMalli€HTiB. IH-
UM OOMEXEHHSIM JOCTiIKeHHSI MOXKe OYTH TOi (hakT, 1110
MepcoHall Mir petesibHille ikcyBaTy BUMIAAKU 3MiHU TEM-
repaTtypu TiJla y HAaWTSKUMX TaiieHTiB. OTxe, HeoOXiaHe
PpO3IIUPEHHS JOCTIIKeHb Ha OUTBIIIIN KOTrOpTi IMAIli€HTIB.

BucHoBku

Mu oTpuMmanu pesysabTaTH, SIKi MiITBEPIXKYIOTh Tilo-
Te3y, 110 HEMOBJISITA 3 HECTIpUSITINBUMU Haciinkamu ['TE
JIIEMOHCTPYBAaTUMYTh ITOPYILIEHHS TEPMOPETYIISALil (MiaBr-
LIEeHHS aKCWISIPHOI TeMIlepaTypu) Imicisl mpoBeaeHHs JIT
no 10-menHoro Biky. O6unBa nmokasHuku (mkaia MODE
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i MPOsIBM TeMIepaTypHOi Au3peryJsiii) Maiots 100% uyt-
JIUBICTh 100 TPOTHO3YBAHHS TSXKKUX HECHPUSTIUBUX
Hachaiakis I'lE mpu onTuManbHUX moporax, aje crenudiv-
HicTb 111 mporHo3dyBaHHs y mikaau MODE kpaina. Heo06-
XiJTHi TTOAaJIbII TOCTiIKeHHS (31 301IbIIEHHSM KiJIbKOCTI
MauieHTiB 3 TsKKolo Ta momipHoto I'E), mo6 3’scyBatu,
HACKIJIBKM TICHO emi3omM 3MiHu TeMmepaTypu micis JIT
MoB’s13aHi 3 HecnpusTIUBUMU Hacainkamu ['TE.

KonduikT inTepeciB. ABropu 3asBIsIIOTH IIPO BiACYT-
HICTh Oyab-SIKMX KOHMJIIKTIB iHTEpeCiB i BIacHUX (iHaH-
COBHX iHTepeciB, sIKi MOXYTb OYyTU BUTJIyMaueHi SIK BILUIUB
Ha pe3yJibTaTh a00 TJIyMayeHHSs PyKOIUCY.

Indopmanisa npo dinancyBanns. [lociimkeHHs He Ma€e
OKpPEMOro 101aTKoBOro ¢diHaHcyBaHHs. PoboTa BUKoHaHa
B paMKax iHilliaTUBHOI HAyKOBO-AOCIiAHOT poboTH Kade-
Ipu nieaiatpii 3 Ta HeoHartosorii JIHIMPOBCHKOTO AepKaB-
HOTO MeAMYHOTrOo yHiBepcutety «Ilizxomu mo AiarHOCTUKKU
Ta JIiKyBaHHSI 3aXBOPIOBaHb IUTSIYOTO BiKY 3 MO3UILil Oe3-
MeKU NaliecHTa».

Indopmania npo BHecok koxHOro apropa. T.K. Mas-
pOMyaI0 — KOHIEIIS Ta OW3aiiH JOCHiIKeHHs, 30ip Ta
00poOKa MartepiaiiB, aHaji3 orpuMmaHux ganux; M.B. Co-
JIOMEHKO — 30ip i1 00poOKa MaTepialliB, aHaJIi3 OTPUMaHUX
JIAHUX, HAITMCAHHS TEKCTY.
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Prediction of the outcomes of post-asphyxial brain injury
in infants undergoing therapeutic hypothermia

Abstract. Background. Birth asphyxia remains the third lead-
ing cause of neonatal mortality (23 %) and is associated with a
nearly equivalent incidence of severe neurological impairment.
Therapeutic hypothermia (TH) is an effective and safe treatment
strategy for term infants, reducing the combined risk of death or
major disability at 18 months of age. However, more than 40 %
of infants with moderate-to-severe hypoxic-ischemic encepha-
lopathy (HIE) still develop long-term adverse outcomes. Modern
scientific publications are primarily focused on the issues of pre-
dicting brain damage in the context of therapeutic hypothermia.
Predicting the outcomes of HIE at the present stage is based on
combinations of clinical and laboratory parameters, such as the
combined Multiorgan Dysfunction Evaluation (MODE) score.
Nonetheless, individual indicators remain important, and their
spectrum continues to expand. Thermoregulation assessment
has emerged as a promising marker for outcome prediction, as
it reflects the extent of brain injury. Higher body temperature in
infants during TH has been associated with adverse neurodeve-
lopmental outcomes at 18 months of age. Therefore, the purpose

of our study was to test the hypothesis that infants with severe
adverse outcomes of HIE exhibit impaired thermoregulation —
manifested by fluctuations in axillary temperature after the
completion of TH — within the first 10 days of life. Materials
and methods. The study was conducted at the Neonatal Center
and the Follow-up Observation Center of the Regional Medical
Center for Family Health at the Dnipro Regional Council. The
research design was defined as a retrospective, single-center clini-
cal study. The study cohort included 19 children who had received
device-controlled systemic TH as part of their neonatal manage-
ment for post-asphyxial encephalopathy during 2023—2024 and
had reached two years of age. Data concerning the neonatal peri-
od were obtained through the analysis of medical records. The de-
gree of post-asphyxial multiorgan dysfunction was assessed using
the MODE score, which encompassed evaluation of the neuro-
logical, cardiovascular, respiratory, gastrointestinal, and renal sys-
tems, as well as hematologic parameters, neuroimaging findings,
and electroencephalographic characteristics. During TH, body
temperature was monitored continuously via a rectal sensor; after
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hypothermia, axillary temperature was assessed up to the 10" day
of life, with measurements performed every two hours. Results.
Among the 19 infants examined (10 males and 9 females), 5 chil-
dren (26.3 %) demonstrated severe adverse outcomes of HIE.
They significantly differed (p < 0.05) from those without such
outcomes in several key parameters. The frequency of advanced
resuscitation measures, specifically the need for pharmacologic
interventions during initial resuscitation, was markedly higher
(80.0 vs. 21.4 %). These infants also exhibited more pronounced
multiorgan dysfunction, as reflected by higher MODE scores: 8
(6—9) vs. 2 (1-3), and showed a greater incidence of temperature
instability following TH, with episodes of axillary temperature
elevation within the first 10 days of life observed in all affected
infants (100.0 vs. 21.4 %). The occurrence of temperature eleva-
tion episodes during the first 10 days of life demonstrated signifi-
cant correlations (p < 0.05) with several clinical parameters such
as the need for advanced resuscitation (r, = 0.671), the degree of
post-asphyxial multiorgan dysfunction according to the MODE
score (r, = 0.673), presence of seizures (r,= 0.610), pathological
muscle tone abnormalities (r, = 0.585) or absence of oral feeding
at discharge (r, = 0.507), and destructive changes in brain tissue
on neuroimaging (r, = 0.701). Signs of infection emerging within

the first 10 days of life were identified in 1 infant (7.1 %) in the
group without adverse outcomes and in 2 infants (40.0 %) in the
group with adverse outcomes (p = 0.155). Thermoregulatory dis-
orders predicted severe long-term outcomes with good diagnostic
accuracy according to the ROC curve analysis (AUC = 0.893),
whereas the MODE score demonstrated excellent diagnostic ac-
curacy (AUC = 0.993). Both indicators achieved 100 % sensitivity
at their optimal thresholds; however, specificity was higher for the
MODE score (0.929 vs. 0.786). Conclusions. Our findings sup-
port the hypothesis that infants with severe adverse outcomes of
HIE following TH exhibit impaired thermoregulation — mani-
fested as elevated skin temperature during continued post-hypo-
thermia temperature monitoring — within the first 10 days of life.
Both evaluated parameters, the MODE score and manifestations
of thermoregulatory disorders, demonstrated 100 % sensitivity for
predicting severe adverse outcomes of HIE. However, the MODE
score showed superior specificity for prognostic purposes. Further
studies are needed to investigate whether episodes of temperature
change after TH are associated with adverse outcomes of HIE.
Keywords: asphyxia; therapeutic hypothermia; hypoxic-ische-
mic encephalopathy; multiorgan dysfunction; outcomes; body
temperature; neonates; infants
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The blood serum acetylcholinesterase levels pre-
and post-resection in patients with Hirschsprung’s disease

Abstract. Background. Hirschsprung’s disease is one of the most common neonatal obstruction diseases. The annual
cases of Hirschsprung’s disease in Indonesia are approximately 1,400 live births. Its screening and diagnosis can be
established using several methods, but they have various limitations; therefore, alternative methods are required.
Patients with Hirschsprung’s disease tend to have higher acetylcholinesterase (AchE) levels, and it is potentially applied
as an alternative diagnostic examination for this condition. The aim was to further determine AchE levels in patients
with Hirschsprung’s disease. Materials and methods. This prospective cohort study was conducted in Dr. Soetomo
Regional General Hospital, Surabaya, from November 2024 to January 2025. The demographic, surgery, and pre-
and post-resection AchE levels data were collected. The Human AChE (Acetylcholinesterase) ELISA Kit (Elabscience
E-EL-H6031) was used to assess the AchE levels. The collected data were analysed using the chi-Square test, the pre- and
post-resection AchE levels were analysed using a paired t-test. A p-value < 0.05 was considered statistically significant.
Results. The study included 6 participants. Most of them were male (83.3 %) with a mean age of 34.830 = 34. 143 months.
The analysis revealed a significant difference in AchE levels pre- and post-resection (299.875 and 85.267 units/mL,
p-value of 0.014) with a very strong relationship (Cohen’s d effect size 1.250). Conclusions. Acetylcholinesterase
levels will decrease after surgery. Evaluation of AchE content may be potentially used as a diagnostic and prognostic

examination for Hirschsprung’s disease.

Keywords: acetyicholinesterase; Hirschsprung’s disease; pull-through; surgery

Introduction

Hirschsprung’s disease, or congenital megacolon, is a
disease characterized by the absence of ganglion cells in my-
enteric (Auerbach) and submucosal (Meissner) plexuses in
the bowels. It is the most common gastrointestinal obstruc-
tive disease in neonates occurring in 1 of 4,000 live births [1,
16]. Most cases (75 %) involve the transitional area, recto-
sigmoid, but it can also occur in all regions, from the colon
to the terminal ileum (8 % cases). Furthermore, 80—90 %
Hirschsprung’s disease diagnosis was established in neo-
nates, while infants, toddlers, and children rarely present
with any symptoms. A previous study revealed that most of
Hirschsprung’s disease cases were found in preterm (< 37
weeks) and low birth weight (< 2,500 grams) infants; there-
fore, it has a significant impact on children’s quality of life
[17]. Recently, there has been no clear epidemiology data
regarding Hirschsprung’s disease in Indonesia, but it is es-
timated that there are 1,400 live births with Hirschsprung’s

disease annually. There are 20—40 cases of Hirschsprung di-
sease in the Cipto Mangunkusumo Hospital (RSCM) annu-
ally [11]. However, a study in Hasanuddin University Hos-
pital revealed that there were 109 cases of Hirschsprung’s
disease from 2013 to 2017 [17].

Suspected cases of Hirschsprung’s disease must follow
the evaluation or screening procedures, such as contrast
enema (CE) and anorectal manometry (ARM), followed
by rectal suction biopsy (RSB). If the RSB results are not
clear, full-thickness biopsy (FTB) is recommended. These
methods have limitations. The CE has a risk of radiation
exposure and is inaccurate for various conditions, such as
in the bowel transitional zone. The expert operators are
required to use the ARM method, but uncooperative con-
ditions may require sedation agents. The RSB method is
invasive and is highly affected by the quality of the biopsy
specimen and its storage. The common additional work-ups
for Hirschsprung’s disease have several limitations, they are
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invasive and may cause discomfort, particularly in children.
Therefore, alternative methods that are cheap, easy, and
not invasive are required for Hirschsprung’s disease [1, 18].
Acetylcholinesterase is an enzyme that catalyses the hydro-
lysis of acetylcholine (Ach), the most common neurotrans-
mitter in the body, and is commonly used as a biomarker for
Hirschsprung’s disease and cholinergic activity biomarker.
This hydrolysis process is required to avoid excessive stimu-
lation from cholinergic neurons; therefore, neurons can re-
turn to their resting states [4].

Various studies demonstrated the local (bowel segment)
and systemic (serum) increase of serum AchE levels [15, 19,
20]. A recent study in Indonesia by Wasito et al. showed a
significant increase of AchE serum levels in patients with
Hirschsprung’s disease compared to healthy populations
and its potency as an alternative diagnostic examination
for this condition with sensitivity of 8.3 % and specificity
of 70.6 % [19]. The association between aganglionic bowel
segment in Hirschsprung’s disease with AchE levels and ex-
pressions (local and systemic) was also revealed in various
studies [10, 16]. The definitive management is an agangli-
onic colon segment removal that will decrease the systemic
AchE levels theoretically, and it has been demonstrated in
various previous studies.

The purpose was to further determine AchE systemic
levels after definitive surgery was conducted.

Materials and methods

This prospective cohort study was conducted on patients
with Hirschsprung’s disease in Dr. Soetomo General Re-
gional Hospital, Surabaya. The inclusion criteria: 1) con-
firmed diagnosis of Hirschsprung’s disease through histo-
pathologic examination and definitive surgery in November
2024 — January 2025; 2) children’s parents agreed to par-
ticipate in this study and signed informed consent; 3) age of
patients was more than 3 months and less than 10 years. The
exclusion criteria: 1) the parents did not agree to participate
in this study; 2) patients with other neuromuscular disor-
ders; and 3) loss to follow-up during the study.

A brief explanation about the study was given after sam-
pling, and parents signed informed consent voluntarily.
The demographic data were also collected in this study.
The pre- and post-resection AchE levels were determined

using the Human AChE (Acetylcholinesterase) ELISA Kit
(Elabscience E-EL-H6031). The Duhamel surgeries were
conducted using the pull-through technique. The collected
data were analysed using the Statistical Package for Social
Sciences software version 26.0. The descriptive analysis was
conducted to obtain demographic data in this study. The
nominal variables were further analysed using the chi-square
test, while the numeric data of pre- and post-surgery AchE
levels — with a paired t-test.

Results

There were 10 patients with Hirschsprung’s disease
in Dr. Soetomo Regional General Hospital, Surabaya,
from November 2024 to January 2025. Four patients
were excluded from this study because post-surgical sam-
pling was not conducted. The analysis only included 6
patients. Most of the participants were boys (83.3 %)
and underwent Duhamel surgery (66.6 %). The mean
body weight was 11.517 + 6.751 kg. The mean age and
aganglionic bowel segment length were 34.830 + 34.143
months and 19.250 + 5.439 cm, respectively. The mean
difference of pre- and post-resection AchE levels was
214.622 + 171.601 units/mL (Table 1).

The mean pre-surgery AchE level was 299.875 units/mL,
with minimum and maximum of 135.4 and 526.1 units/mL,
respectively. Meanwhile, the post-resection AchE levels
was 85.267 units/mL with minimum and maximum of 8.1
and 213.5 units/mL, respectively. The data analysis revealed
that there was a statistically significant difference in AchE
pre- and post-resection (p = 0.014 (< 0.05)). The signifi-
cance of the difference in AchE levels pre- and post-sur-
gery was determined using Cohen’s d effect size and made
up 1.250, which indicated a very significant difference
(Table 2).

Discussion

This study was dominated by boys (83.3 %). It is in ac-
cordance with previous studies showing that Hirschsprung’s
disease was 3—4 times more common in boys than girls [8].
The mean body weight in this study was 11.517 kg. It was
higher than in the previous study (5.4 + 1.6 kg). This dif-
ference may be due to age factor because the age of partici-
pants in the previous study was less than 3 months, while

Table 1. The demographic data

Characteristic Min-max Mean = SD
Body weight (kg) 6-23 11.517 £ 6.751
Age (months) 7-84 34.830 + 34.143
Aganglionic segment length (cm) 12-25 19.250 + 5.439
AchE levels difference (unit/mL) 32.48-517.96 214.622 + 171.601

Characteristics

Frequencies (n = 6)

Sexes:

— boys; 5 (83.3 %)
— girls 1 (16.7 %)
Surgeries:

— Duhamel; 4 (66.6 %)
— TAEPT 2 (33.4 %)
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Table 2. The comparison of AchE levels, unit/mli

AchE levels Min-max Mean = SD (95% Cl) p-value Cohens?zg effect
Pre-surgery 135.4-526.1 299.875 + 164.070
- 0.014 1.250
Post-resection 8.1-213.5 85.267 + 81.467

in this study, it was 7—84 months [6]. Body weight is col-
lected in this study because it is one of the risk factors of
Hirschsprung’s-associated enterocolitis (HAEC), a compli-
cation after surgery [9].

The mean age of participants in this study was 34.83
months, which is lower than in the previous study (50.33
months). But it is in accordance with the literature, which
stated that most Hirschsprung’s disease cases occur between
1 month and 5 years [17]. Furthermore, an epidemiology
study about Hirschsprung’s disease revealed that the median
age of participants was 24 months [14]. The false positive of
AchE levels was most common in patients less than 3 months
old. Acetylcholinesterase is a very important substance in
early life to increase cell adhesion and neurogenesis in the
enteric nervous system development. Therefore, high AchE
levels are common in early life. It is the reason why blood
AchE levels examination in Hirschsprung’s disease must be
conducted thoroughly and consider the patients’ age. The
age distribution in this study revealed that there was no sig-
nificant difference regarding AchE levels.

The length of the aganglionic segment affects
Hirschsprung’s disease. The longer aganglionic segment
correlates with the rapid onset of clinical manifestations.
One of the possible causes is that Hirschsprung’s disease is
a congenital disorder, and the age at diagnosis is not a factor
that correlates with the pathophysiology of Hirschsprung’s
disease [19]. This study also found that the mean agangli-
onic augment length was 19.25 cm. It is important to pay
close attention to the length of the aganglionic bowel seg-
ment because short aganglionic segments produce lower se-
rum AchE than the longer ones. Therefore, Hirschsprung’s
disease patients with short aganglionic segments had small
or insignificant increases in serum AchE levels [19]. A long
aganglionic bowel segment (> 30 cm) is one of the risk fac-
tors for enterocolitis after surgery. Longer bowel segment
requires a wider resection, decreasing sigmoid indentation,
affecting defecation control mechanism, and increasing the
risk of defecation complications after surgery [9].

The mean pre-surgery AchE level in this study was
299.875 £ 164.070 units/mL that is higher than in the previ-
ous study (95.89 = 51.11 units/mL) [19]. It may be due to
the difference in sample size, and the studies about blood
AchE levels in Hirschsprung disease are still lacking.

The mean post-resection AchE levels in this study was
85.267 + 81.467 units/mL. There has been no study about
post-surgery AchE levels recently. The absence of ganglion
cells in the affected colon leads to increased Ach levels and
increased expression of AchE in the nerve plexus and blood.
The blood AchE levels increase due to excessive AchE direct
release from the aganglionic bowel segment. The AchE le-
vels may be affected by systemic factors, one of which is the
length of the aganglionic bowel segment [3]. Theoretically,
AchE concentration in the colon area increases due to the

presence of the aganglionic segment; therefore, when this
segment is resected, the AchE levels will decrease. The prin-
ciple of Hirschsprung’s disease management is to resect the
aganglionic part or segment and pull-through the ganglionic
proximal bowel segment [14].

Clinical evaluation is required after aganglionic segment
resection, which results in clinical improvement. The clini-
cal status of participants improved significantly with a sig-
nificant decrease in AchE levels. The statistical test result
demonstrated the significant difference in AchE levels pre-
and post-surgery, with a p-value of 0.014. It can be conclu-
ded that surgery was able to decrease the AchE levels. Co-
hen’s d effect size analysis was conducted for further study,
and Cohen’s coefficient in this study was 1.250. It means
that aganglionic segment resection surgery had a huge im-
pact on AchE levels.

This finding is in accordance with our hypothesis that the
serum AchE levels will decrease after resection because of an
increase in AchE transcriptional gene activity that leads to
increased Ach and AchE synthesis in Hirschsprung’s dis-
ease. The increased AchE levels due to AchE transcriptional
gene occur directly and are not a response to Ach increase
[15]. The amount of tissue with signaling tract dysfunction
will decrease after aganglionic bowel segment resection;
therefore, the excessive local or systemic Ach secretion will
decrease. Furthermore, aganglionic bowel segment resec-
tion decreases the AchE gene activity that leads to decreased
AchE secretion.

The gold standard examination of Hirschsprung’s di-
sease diagnosis is full-thickness biopsy, but it is considered
a high-risk procedure because it requires invasive surgery to
get representative specimens [13]. The AchE level examina-
tion may be an alternative for its diagnosis. Previous studies
have determined the sensitivity and specificity of AchE le-
vels examination as an additional work-up of Hirschsprung’s
disease. Chalkkon et al. demonstrated that blood AchE le-
vels had a sensitivity of 83.3 and 70.6 %, respectively. The
sensitivity showed the percentage of Hirschsprung’s disease
patients with high serum AchE levels, while its specific-
ity demonstrated the percentage of healthy patients with
low AchE levels [19]. Based on the above-mentioned fin-
dings, it can be concluded that serum AchE levels have a
promising prospect as an alternative diagnostic method for
Hirschsprung’s disease.

The significant difference of pre- and post-resection
AchE levels in positive patients means that AchE evaluation
supports the diagnosis of Hirschsprung’s disease and may
be a diagnostic tool for it. Serum AchE level examination
is considered a cheap, easy, and non-invasive method for
Hirschsprung’s disease diagnosis.

One of the post-resection complications in patients with
Hirschsprung’s disease is HAEC. Age is one of the risk fac-
tors for HAEC. A study found that Hirschsprung’s disease
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diagnosis in a one-week-old baby has a higher incidence of
HAEC and a higher risk of more severe clinical manifesta-
tions. However, other studies stated that there was no asso-
ciation between age at Hirschsprung’s disease diagnosis and
the development of HAEC before or after surgery. Erykman
et al. also revealed that severe HAEC leads to thymus invo-
lution, spleen lymphopenia, and B lymphopoiesis suppres-
sion; therefore, early diagnosis is required [6]. The reported
incidence of HAEC was around 27.8 % [5].

The HAEC pathogenesis is not well understood, but
it may be related to the complex interaction between the
dysfunctional enteric innervation, mucin production ab-
normality, selective immunoglobulin deficiency, gastroin-
testinal microflora imbalance, bacterial translocation, and
partial mechanical obstruction. Huang et al. demonstrated
28.73 % of enterocolitis cases in Hirschsprung’s disease pa-
tients who had undergone surgery. Long aganglionic bowel
segment (> 30 cm) is one of the post-surgical enterocolitis
risk factors (p = 0.017). Long aganglionic bowel segment is
associated with the severity of proximal obstruction, with
the potency of increased intraluminal pressure that may
lead to increased bacterial stasis and intestinal dysmotility
[12]. Patients with long aganglionic bowel segments have a
significantly higher incidence of HAEC compared to those
with shorter ones [5]. The presence of the aganglionic bowel
segment is the cause of increased AchE levels. Based on the
several findings of the above-mentioned studies, high post-
resection AchE levels correlated with higher risks of HAEC.
This study demonstrated that AchE has the potency to be
applied as a valuable examination for Hirschsprung’s di-
sease, but this study was a single-centre, small (6 samples);
therefore, further studies with a bigger sample size in several
places are required to increase the generalizability of these
findings.

Conclusions

Patients with Hirschsprung’s disease who had under-
gone aganglionic bowel segment resection had lower AchE
serum levels compared to pre-surgery. The AchE levels
may be potentially used as a diagnostic and prognostic tool
for Hirschsprung’s disease examination. Further studies
are required on the clinical applications of AchE levels in
Hirschsprung’s disease in order to have more accurate fin-
dings.
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PiBeHb ALEeTUAXOAIHECTEPA3U B CUPOBATLI KPOBI AO TA MICAS pe3ekuii
B NALiEHTIB i3 xBopo6oto lNpLunpyHra

Pe3tome. AxryambnicTb. XBopo6a IipiumnpyHra € oHieo 3 Haii-
MOIIMPEHIIIUX TPUYMH HEOHATATbHOI KUIIIKOBOI HEMPOXiAHOCTI.
B Innonesii mopiuHo peectpyeTbes npubiauzHo 1400 Bumaakis
miei matosorii. JJIst CKpUHIHTY i DiarHOCTUKU 3aCTOCOBYIOTHCSI
Ppi3HI METOIU, ajie BOHU MalOTh IeBHI OOMEXEHHsI, TOMY ITOTpPi0-
Hi anpTepHaTuBHI minxoau. IlamieHTu 3 xBopoboto [ipiimpyHra
3a3BMYail MaloTh BMILI piBHI aueruixoiiHecrepasu (AXE), mo
MOXe OyTM BUKOPHUCTAHO SIK TTOTCHILIMHUI TiarHOCTUYHUI Map-
kep. Meta: BusHauutu piBHi AXE B mauieHTiB i3 xBopo6oro T'ip-
LITPYHTa 0 Ta MiC/Is XipypriyuHoro BTpy4yaHHs. Marepiajiy ta me-
ToaM. Lle npocriekTnBHE KOropTHE AOCTIAKEHHS OYJI0 TPOBENEHO
B PerioHanbHill TikapHi 3arajbHoro mmpodinto iMmeHi Dr. Soetomo
(Cypabas, Inmonesist) 3 mucromnana 2024 poky no ciuHs 2025 poky.
30upanu maHi 1MOA0 AeMorpadiuHuX XapaKTepUCTUK, Xipyprid-
Horo BTpy4yaHHs Ta piBHIB AXE no i micia pesexuii. st omiHKA

Bmicty AXE BukopuctaHo Ha0ip mist iMyHO(EepMEHTHOIO aHaIi3y
(Elabscience E-EL-H6031). Otpumani aaHi mpoaHaii3oBaHO 3a
JIOTIOMOTO10 KpUTepito Xi-kBaapart, a piBHi AXE no Ta micns pe-
3eKii — mapHoro t-tecty. 3HayeHHs p < 0,05 BBaxkaau craTuc-
TUYHO 3HauylmM. Pe3yabTaTtd. Y 1IbOMY IOCTIIKCHHI B3SIH
y4acTh 6 natieHTiB. binbliicTs i3 Hux Oyu xaomunkamu (83,3 %)
i3 cepenHim BikoMm 34,830 + 34,143 micsus. AHajli3 BUSIBUB 3Ha-
yHy pidHuIo B piBHsAX AXE mo ta micma pesexuii (299,875 i
85,267 on/mn, p = 0,014) i3 myxke CWJIbHUM 3B’SI3KOM (PO3Mip
d-edekry Koena 1,250). BucHoBKH. PiBeHb alieTuixosinecrepa-
31 3HUXKYETBCS Ticst XipypriuHoro BrpydaHHs. Ymict AXE moxe
OyTU TTOTEHIIMHO BUKOPUCTAHUI K HIarHOCTUIHMIA i IIPOTHOC-
TUYHUI MapKep IIpy XBopooOi [MipimpyHra.

Kimo4oBi cjioBa: anetunxoninectepasa; xsopoba [ipiumnpyHra;
orepallist 3BeIcHHS; XipypriaHe BTpyYaHHsI
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Association between tricuspid regurgitant pressure
and heart failure severity in children with acyanotic
congenital heart disease receiving sildendfil therapy

Abstract. Background. Acyanotic congenital heart defects (ACHD) often lead to right ventricularvolume overload and
elevated pulmonary pressures, contributing to pediatric heart failure. Tricuspid regurgitant pressure (TRP) estimated by
echocardiography serves as a non-invasive marker of pulmonary hypertension and right-sided heart stress. Sildenafil, a
phosphodiesterase-5 inhibitor, is commonly used to lower pulmonary vascular resistance in children with congenital heart
disease. The purpose was to evaluate the correlation between echocardiographic TRP and the severity of pediatric heart
Sailure, as measured by the Modified Ross Score, in children with ACHD receiving sildenafil therapy. Materials and
methods. A cross-sectional observational study was conducted in 45 children with ACHD and clinical signs of heart failure
at Dr. Soetomo General Hospital between January and May 2025. TRP was assessed via Doppler echocardiography, and
heart failure severity was quantified using the Modified Ross Score. Data were analyzed using Pearson correlation and
multiple linear regression. Results. TRP showed a moderate positive correlation with the Modified Ross Score (r = 0.401,
p = 0.006). TRP > 38 mmHg was predictive of more severe heart failure and malnutrition. Sildenafil therapy was used
for > 3 months in 66.7 % of patients. A regression model indicated TRP as an independent predictor of heart failure
severity (B = 0.030, p = 0.007), while body weight had no significant effect. Conclusions. Elevated TRP correlates with
increased heart failure severity in children with ACHD on sildenafil therapy. Echocardiographic TRP may serve as a

useful non-invasive marker for monitoring disease progression and therapeutic response.
Keywords: pediatric heart failure; Modified Ross Score; congenital heart disease

Introduction

Acyanotic congenital heart defects (ACHD) are
prevalent congenital anomalies in pediatric populations,
characterized by abnormal blood flow without cyanosis
[1-3]. These conditions affect over 4 million children un-
der five worldwide, with the greatest burden in South Asia
and Southern Latin America between 1990 and 2021 [4, 5].
CHD often result in increased volume or excessive pressure
in the right heart chambers, potentially leading to pulmo-
nary hypertension and subsequent right ventricular failure
[6, 7]. Tricuspid regurgitant pressure (TRP) is a non-inva-
sive surrogate metric for measuring right ventricular systolic
pressure and pulmonary artery pressure, which provides im-
portant information about the hemodynamic condition of
affected infants [8, 9].

Pediatric heart failure is a leading cause of mortality in
children with heart disease, particularly in those with severe
heart failure, with a mortality risk of 50—65 % [10]. It re-
mains a significant complication in children with ACHD,
impacting their growth, activity levels, and overall quality
of life [11—13]. The Modified Ross Score (MRS) is widely
utilized to assess the severity of heart failure in pediatric pa-
tients, integrating clinical signs and symptoms into a stan-
dardized scoring system [14, 15]. Sildenafil, a phosphodi-
esterase-5 inhibitor, has emerged as a promising therapy for
managing pulmonary hypertension and right-sided heart
failure in children with congenital heart disease. By promo-
ting pulmonary vasodilation, sildenafil can potentially im-
prove hemodynamic parameters and clinical outcomes [16].
Sildenafil was also considered safe, well tolerated, and asso-
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ciated with clinical improvement, particularly in pulmonary
hypertension related to CHD [17—19].

This study aims to explore the relationship between
TRP and the severity of heart failure, as measured by the
Modified Ross Score, in pediatric patients with ACHD.
Furthermore, it investigates the impact of sildenafil therapy
on such parameters, providing insights into its role in ma-
naging these children and optimizing their cardiovascular
health.

Materials and methods
Study design

A consecutive sampling cross-sectional study was con-
ducted at Dr. Soetomo General Hospital, Surabaya, be-
tween January and May 2025.

Participants

This study included 45 children aged less than 18 years
with acyanotic congenital heart disease confirmed through
echocardiography. Eligible participants exhibited clini-
cal signs of heart failure, with MRS of 3 or higher. Exclu-
sion criteria were cyanotic CHD, pulmonary hypertension
unresponsive to therapy, history of renal failure, musculo-
skeletal injury, sepsis, lung infection, human immunode-
ficiency virus infection, pulmonary stenosis, and the lack
of parental consent. Patients were considered for sildenafil
therapy if they presented with signs of moderate heart failure
(MRS > 4), echocardiographic evidence of elevated TRP
(> 36 mmHg), and no contraindications to phosphodieste-
rase inhibitors. The decision was made collaboratively by the
cardiology teams. Written informed consent was obtained
from parents before recruitment.

Ethical issues

The study was approved by the Institutional Ethics
Committee of Dr. Soetomo Hospital under approval num-
ber 3551/105/3/111/2025. Written informed consent was
obtained from the parents or legal guardians of all partici-
pating children.

Measurements and data collection

All patients underwent transthoracic echocardiography
using a standard protocol on Vivid E95. The echocardio-
grams were performed by experienced pediatrician cardi-
ologist blinded to the clinical data. The tricuspid regurgi-
tant jet velocity was measured to estimate the peak pressure
gradient across the tricuspid valve. The subjects routinely
received sildenafil at a dose of 0.5—1 mg/kg three times
daily along with standard heart failure treatment. Demo-
graphic details such as age, sex, and specific type of ACHD
were recorded. Duration of congenital heart disease was
defined as the duration of symptoms experienced before
being diagnosed based on history. A thorough clinical eva-
luation was performed, focusing on signs and symptoms
of heart failure. The severity of heart failure was assessed
using MRS, which considers symptoms such as tachypnea,
hepatomegaly, feeding difficulty, and growth failure. De-
pending on their severity, the heart failure symptoms were
ranked from 0 to 1 or 2 points. Patients were categorized
using this score as having mild (3—6 points), moderate

(7-9 points), severe heart failure (10—12 points), or no
heart failure (0—2 points) [6].

Statistical analysis

Data analysis was performed using statistical software,
e.g., RStudio version 4.2.3 (2023-03-15). Continuous vari-
ables were expressed as mean = standard deviation (SD) and
compared using paired t-tests or Wilcoxon signed-rank tests
as appropriate. The relationship between TRP and MRS
was analyzed using Pearson’s (r) or Spearman’s correlation
coefficient, depending on data distribution. A p-value of less
than 0.05 was considered statistically significant.

Table 1. Characteristics of children with acyanotic
congenital heart disease receiving sildenafil therapy

Characteristic n (%)
Gender
Male 17 (37.8)
Female 28 (62.2)
Age (months)
Median (min-max) | 60.0 (24.0-132.0)
Nutritional status
Body weight (kg), mean + SD 18.1+11.4
Severe malnutrition 8(17.8)
Moderate malnutrition 19 (42.2)
Mild malnutrition 11 (24.4)
Normal 1(2.2)
Type of defect
Isolated ASD 12 (26.7)
Isolated VSD 10 (22.2)
Isolated PDA 7 (15.6)
Aortopulmonary window 1(2.2)
AVSD 8(17.8)
ASD + PDA 3(6.7)
VSD + PDA 4 (8.9)
Duration of CHD
<1 year 17 (37.8)
> 1 year 28 (62.2)
Duration of sildenafil therapy
< 3 months 18 (40.0)
> 3 months 27 (60.0)
MRS

Mean + SD, points 4.96 +1.95
No heart failure 2(4.4)
Mild heart failure 35 (77.8)
Moderate heart failure 8(17.8)
Severe heart failure 0 (0.0)

Notes: ASD — atrial septal defect; VSD — ventricu-
lar septal defect; PDA — patent ductus arteriosus;
AVSD — atrioventricular septal defect.
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Results
Demographic and clinical characteristics
of research subjects

A total of 45 pediatric patients with ACHD and clini-
cal heart failure were included in the analysis. The majo-
rity were female (n = 28, 62.2 %), with males comprising
37.8 % (n = 17). The median age was 60 months (range:
24.0—132.0), and the mean body weight was 18.1 + 11.4 kg
(Table 1). The most common congenital heart defect was
isolated ASD in 12 patients (26.7 %). Nutritional assessment
showed that 19 patients (42.2 %) had moderate malnutri-
tion, 11 (24.4 %) had mild malnutrition, and 8 (17.8 %) had
severe malnutrition.

All patients were evaluated using MRS to quantify heart
failure severity. The mean total MRS was 4.96 & 1.95, with
scores ranging from 2 to 9. Analysis of subcomponents
showed the following distributions: diaphoresis involving
only the head (57.8 %), tachypnea several times per day
(77.8 %), and hepatomegaly measuring 2—3 cm (73.3 %).
These findings indicate a moderate burden of heart failure
symptoms in this cohort (Table 2).

Table 2. Characteristics of MRS components

Components n (%)
Diaphoresis
Head only 26 (57.8)
Head and body at exertion 19 (42.2)
Head and body at rest 0 (0.0)
Tachypnea
Rare 4 (8.9)
Several times 35 (77.8)
Frequent 6 (13.3)
Breathing pattern
Normal 36 (80.0)
Retraction 6 (13.3)
Dyspnea 3(6.7)
Vital signs
Respiratory rate, mean (breaths/min) 39.0
Heart rate, mean (bpm) 135.2
Hepatomegaly size
<2cm 6(13.3)
2-3cm 33 (73.3)
>3cm 6 (13.3)

All patients had complete clinical and echocardiographic
data, including TRP, body weight, and MRS. The mean TRP
estimated via echocardiography was 50.9 + 26.4 mmHg
(range: 15—109 mmHg). Pulmonary artery systolic pressure
(PASP) averaged 56.3 £+ 26.1 mmHg. Ejection fraction was
preserved in all patients, with values mostly exceeding 60 %,
confirming intact left ventricular systolic function (Table 3).

The association between TRP and MRS

To assess the association between echocardiographic
and clinical parameters, Pearson correlation coefficients
were calculated (Table 4). A moderate positive correla-
tion was identified between TRP and MRS (r = 0.401,
p = 0.006), indicating that elevated TRP was associated
with higher MRS. This finding suggests that increased right
ventricular afterload and estimated pulmonary artery pres-
sure, as inferred from TRP, may correlate with worsened
clinical symptoms of heart failure as reflected in MRS. By
contrast, the association between TRP and body weight
was weak and statistically non-significant (r = —0.148,
p = 0.332) implying that in this sample, variations in body
weight were not linearly associated with TR gradients and
may be more reflective of age or nutritional status rather
than hemodynamic compromise.

To determine whether TRP and body weight indepen-
dently predicted MRS, a multiple linear regression model
was constructed using these two variables as predictors. The
model was statistically significant overall (F(2, 42) = 4.04,
p =0.025), explaining approximately 16.1 % of the variance
in MRS (R?=0.161; adjusted R?=0.121).

Among the predictors, TRP emerged as a statisti-
cally significant independent variable (§ = 0.030, 95% CI:
0.009—0.051, p=0.007). This means that for every | mmHg
increase in TRP, MRS was expected to increase by approxi-
mately 0.03 points, after controlling for body weight. This
result reinforces the clinical relevance of echocardiographi-
cally estimated right heart pressures in predicting symp-
tomatic severity in pediatric heart failure. Conversely, body
weight was not a significant predictor of MRS ( = —0.0007,
95% CI: —0.050 to 0.049, p = 0.976). The extremely wide
confidence interval and near-zero slope suggest a negligible
association, reaffirming the correlation findings and high-
lighting that body weight alone does not explain MRS vari-
ability in this population (Table 5).

Standardized beta coefficients further supported the
primary role of TRP in the regression model. TRP had a
standardized B of 0.419, whereas body weight had a near-
zero standardized B of —0.003. This finding reinforces the
interpretation that TRP is the dominant factor in predicting
heart failure severity as measured by MRS.

Table 3. Characteristics of echocardiographic findings

Echocardiographic findings

TRP gradient (mmHg), mean + SD 425+ 152
PASP (mmHg), mean + SD 56.3 + 26.1
Ejection fraction (%), mean + SD 75.9 £ 9.1

Mild

19 (42.2 %)

TR grading Moderate

11 (24.4 %)

Severe

15 (33.3 %)
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Table 4. Pearson correlation results

Variable comparison Pearson’s r p-value Interpretation
TRP vs MRS 0.401 0.006 Moderate, statistically significant correlation
TRP vs body weight -0.148 0.332 Weak and non-significant correlation

Table 5. Multiple linear regression results

Predictor B coefficient 95% CI p-value Interpretation
TRP 0.030 0.009-0.051 0.007 Significant predictor of higher MRS
Body weight —0.0007 —0.050 to 0.049 0.976 Not a significant predictor

The comparison by duration of sildendafil therapy
and ACHD diagnosis

A total of pediatric patients with ACHD receiving silde-
nafil therapy were evaluated to investigate the association
between TRP and heart failure severity, as assessed by MRS.

Patients were divided into two groups based on the dura-
tion of sildenafil therapy: < 3 months and > 3 months. The
median MRS was significantly higher in the < 3 months
group (1.0) compared to the > 3 months group (1.0), with
a p-value of 0.014, indicating more severe heart failure
symptoms in the shorter duration group (Table 6). How-
ever, the difference in TRP between the two groups (69.0
vs. 40.5 mmHg) was not statistically significant (p = 0.373).

Patients were also grouped by the duration of ACHD
diagnosis: < 1 year and > 1 year (Table 7). There was no
significant difference in MRS between the two groups (me-
dian 1.0 in both; p = 1.000). Although TRP tended to be
higher in those with a diagnosis duration > 1 year (43.0 vs.
30.0 mmHg), the difference did not reach statistical signifi-
cance (p = 0.090).

Discussion

This study aimed to evaluate the correlation between
TRP and heart failure severity, as measured by MRS, in chil-
dren with ACHD undergoing sildenafil therapy. Most of our
subjects had mild heart failure and the majority of abnorma-
lities were atrial septal defects. A previous study found that
most of their subjects had moderate heart failure according
to their MRS and ventricular septal defects were the most
common abnormality. This difference may have been due to
our clinical practice of using the original Ross score to di-

Table 6. Comparison by duration of sildenafil therapy

. Median
Variable p-value
< 3 months | > 3 months
MRS 1.0 1.0 0.014
TRP 69.0 40.5 0.373

Table 7. Comparison by duration of ACHD diagnosis

. Median
Variable p-value
<1 year > 1 year
MRS 1.0 1.0 1.000
TRP 30.0 43.0 0.090

agnose heart failure before the symptoms were reevaluated
using MRS [20]. MRS has been used in previous studies to
monitor heart failure severity and response to therapy in pe-
diatric patients with congenital heart disease, reinforcing the
utility in clinical and research settings [20, 21].

Our findings provide valuable insights into the hemody-
namic effects of sildenafil in this specific pediatric popula-
tion. The results showed a significant positive correlation
between TRP and MRS for 3 months prior to sildenafil the-
rapy, suggesting that elevated pulmonary pressures are asso-
ciated with more severe heart failure symptoms. This aligns
with the pathophysiology of ACHD, where volume overload
and pulmonary hypertension contribute to increased right
ventricular pressure and subsequent tricuspid regurgitation
[22—24]. Following sildenafil therapy, both TRP and MRS
showed a statistically significant reduction. Sildenafil, a
phosphodiesterase-5 inhibitor, is known to lower pulmonary
vascular resistance by enhancing nitric oxide-mediated vaso-
dilation [16, 25]. A previous study demonstrated that silde-
nafil significantly reduces mean pulmonary arterial pressure
in children with pulmonary hypertension, leading to greater
hemodynamic improvement compared to conventional
therapy [26]. The improvement in TRP indicates effective
pulmonary vasodilation, which may have reduced the right
ventricular afterload, indirectly improving left ventricular
filling and systemic perfusion [27]. This is further supported
by hemodynamic measurements showing sildenafil-induced
increases in cardiac index, stroke volume, and right ventricu-
lar direct flow fraction [28]. Furthermore, the reduction in
MRS reflects a clinical improvement in heart failure symp-
toms, likely due to decreased pulmonary congestion and
enhanced cardiac output [29]. The observed correlation be-
tween the changes in TRP and MRS supports the hypothesis
that sildenafil has a dual benefit — hemodynamic improve-
ment and symptomatic relief. These findings are consistent
with previous studies that demonstrated the efficacy of silde-
nafil in pediatric pulmonary hypertension and heart failure
management [16, 30, 31]. However, this study uniquely em-
phasizes its role specifically in ACHD-related heart failure,
where the interplay between pulmonary pressures and sys-
temic symptoms is particularly pronounced.

Limitation

Despite the promising results, several limitations should be
acknowledged. This study did not compare TRP measurements
with invasive catheter-based pressures or serum biomarkers
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such as BNP/NT-proBNP, which may provide additional he-
modynamic insight. The sample size was relatively small, and
the study design did not include a control group. Additionally,
the duration of therapy and follow-up was limited, which may
not capture long-term effects or adverse outcomes. Further
randomized controlled trials with larger cohorts and extended
follow-up are needed to validate these findings.

Conclusions

In conclusion, this study demonstrates a significant cor-
relation between TRP and MRS in children with ACHD
and highlights the potential therapeutic benefits of sildenafil
in reducing pulmonary pressure and improving heart failure
symptoms. These results support the consideration of silde-
nafil as a part of the management strategy in selected pedi-
atric ACHD patients with evidence of elevated pulmonary
pressures and clinical heart failure. Future studies should
consider a multicenter, longitudinal design with a larger and
more diverse pediatric population to validate these findings.
Prospective cohort studies are recommended to investigate
the temporal relationship between TRP changes and pro-
gression or improvement in heart failure symptoms during
sildenafil therapy. Incorporating cardiac catheterization
data could provide more accurate pressure measurements
to complement echocardiographic estimations. Moreover,
subgroup analysis based on specific types of acyanotic con-
genital heart disease (e.g., VSD, ASD, PDA) may help cla-
rify pathophysiological differences. It would also be valuable
to assess the impact of sildenafil therapy duration, dosage,
and combination with other pharmacologic treatments on
clinical outcomes. Exploring biomarkers or genetic factors
contributing to variability in response could offer further in-
sights into individualized treatment strategies.
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3B’930K MiXK TUCKOM NPU TPUKYCMIAQABHIN perypritauii i TIXKICTIO cepLeBoi HEAOCTATHOCTI B AiTen
3 AUIOHOTMYHOIO BPOAXKEHOIO BOAOIO CepL, SKi OTPUMYIOTb TEPAnito CUAAEHADIAOM

Pe3iome. AkryajbHiCTh. ALiaHOTMYHA BpOIXKEHA Baga Cepls
(ABBC) yacTo npu3BoauTh 10 00’€MHOIO IepeBaHTAXKEHHS Tpa-
BOTO LIUIYHOYKA i MiZABUIIIEHHSI TUCKY B JIET€HSIX, IO 00YMOBIIIOE
PO3BUTOK cepLEeBOi HEIOCTATHOCTI B AiTeil. TUCK MpU TPUKYCITi-
nmanpHil perypritamii (TTP), BU3HaueHMiT 3a ITOIIOMOTOIO €XO-
Kapaiorpacii, € HeiHBa3UBHUM MapKepoM JIETeHEeBOI TimepTeHsii
Ta TiepeBaHTaXKeHHs MMpaBUX BiIIiIiB cepls. [HTiGiTOP hocdo-
niectepasn-S cwiaeHadil IMPOKO BUKOPUCTOBYETHCS TSI 3HU-
JKEHHSI JIETeHEBOTO CYIMHHOTO OTIOPY B [IiTei i3 BpOIXKEHUMU Ba-
namu cepiist. MeTa: oLiHUTH KOPeAIIiio MiX exokapaiorpadiu-
HuMU nokazHukamu TTP i TsoKKicTIo ceplieBoi HeIOCTaTHOCT,
OlliHeHOI0 3a MoaudikoBaHOIO mKaio Pocca, y mireit 3 ABBC,
SIKi OTPUMYIOTB Tepartiio cuiaeHadiiom. Martepiaau Ta MeToau.
ITonepeuHe oOcepBaliiiHe AOCTIIKEHHS 3a ydyacTio 45 miTeit 3
ABBC Ta kJ1iHIYHMMM O3HaKaMM CepLIeBOi HEJIOCTATHOCTI OYyJI0
MPOBEICHO B JIiKapHi 3arajgbHoro npodito Dr. Soetomo (Cypa-
Oas, [Hmone3sis) 3 ciuns mgo TpaBHs 2025 poky. TTP BuzHauanu 3a
JIOMIOMOTOI0 JI0TUIEPiBChKOI exokapaiorpadii, a TSXKKICTb ceplie-

BOI HEOCTATHOCTI OLiHIOBaJIM 3a MOAM(iKOBaHOIO IIKax0io Poc-
ca. JlaHi mpoaHajizoBaHO 3a J0MoMorolo kopesiii [TlipcoHa ta
MHOXWHHOI JiHiitHOi perpecii. Pe3yabTaTu. BuspieHo momip-
HUIT To3uTUBHUI 3B’5130K Mixk TTP Ta ominkoro 3a MmoaudikoBa-
Hoto mikajowo Pocca (r = 0,401; p = 0,006). TTP > 38 MM pT.CcT.
acolIiloBaBCs 3 OLIBII TSKKOIO CEPLIEBOIO0 HEAOCTATHICTIO Ta He-
noimaHHsM. Tepamnito cuiaeHadiioM moHa 3 Micsili OTpuMyBa-
66,7 % nauientiB. Perpeciitna Moaenb nokasana, mo TTP e
HEe3aJIeXXKHUM TPEIUKTOPOM TSIKKOCTI CepleBOi HeIOCTaTHOCTI
(B =0,030; p = 0,007), Tomi AIK Maca Tijia He MaJia CTATUCTHY-
HO 3Hauyloro BruiuBy. BucHoBku. IMigsuiienuit TTP kopeiioe
3i 30UIBIIEHHSIM TSKKOCTI CeplieBOi HENOCTaTHOCTI B HiTeil 3
ABBC, sxi otpuMyloTh Tepariio criaeHadinom. Exokapmiorpa-
¢iuyne BuzHaueHHsS TTP Moxe OyTM KOpMCHUM HEiHBa3UBHUM
MapKepoM JUIsl MOHITOPUHTY Tepediry 3axBOprOBaHHS i edek-
TUBHOCTI JIiIKyBaHHSI.

Ki11040Bi €J1I0Ba: cepuesa HemocTaTHICTE y aiTeil; Moangikosa-
Ha mikana Pocca; BpoakeHi Baau ceplst
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Effect of NORM in snack foods
on children’s health in Iraq

Abstract. Food products contained varying amounts of naturally occurring radioactive materials (NORM), and these
differences were ascribed to such as climate, farming techniques, and background radiation levels. It is acknowledged that
these radionuclides are the primary reasons why people are exposed to radiation internally. Of the radionuclides found
in nature, the ones from the decay series of *U, *?Th, and “K are the ones that should be protected against radiation
the most. The levels of natural radioactivity in snack foods consumed by primary school-age (6— 12 years) children
is measured with a detector for Nal(Tl) gamma-ray spectroscopy. The range values of activity per unit mass (specific
activity) of U, %2Th, and *’K were 12.32 to 28.41, 1 to 17.4, and 375.16 to 686.8 Bq/kg, respectively. According to
UNSCEAR and ICRP, the excess lifetime cancer risk and total annual effective dose rate were below acceptable levels in

the majority of the samples under study.

Keywords: radionuclides; foodstuff; effective dose; cancer risk

Introduction

There are naturally occurring radionuclides in all human
environments, including the air, water, and land, as well as
food [1]. Since humans are products of our environment,
they may also be present in us. Radionuclides found in na-
ture are made up of both primordial and cosmogonic com-
ponents, depending on where they came from [1]. There is a
detectable level of radioactivity in these environmental com-
ponents. In addition to the potential growing risk to the hu-
man population as a result of the food chain, the particular
metabolic trait of the plant species may cause radionuclides
to aggregate in their organs, which may also depend on the
physico-chemical properties of the soil [2]. A single series of
radionuclides, such as K, and long-term radionuclide de-
cay series, such as 2*U and 2*?Th, exist in different amounts
on Earth and in the atmosphere [3]. However, due to the ex-
tended half-life of nuclides, this chain continues to exist to-
day. The radioactive “K is only 0.012 % of the total weight of
natural potassium, which is mostly composed of the stable
isotope ¥K. However, two uranium radionuclides and one
thorium radionuclide decay to produce radionuclide decay
chains that start in three different series [3]. 2?Th, “K, and
28U have half-lives of 7.13 x 108, 1.39 x 10'°, and 1.28 x 10°

years, respectively. [4]. Humans may acquire cancer of the
bone and hazard cavity following extended exposure to cer-
tain dosages of U, 22Th, and K. When radium enters the
body by the mouth or nose, its metabolism is similar to that
of calcium, which settles in the bone and leaves behind a
residue fraction that is uniformly distributed throughout the
soft tissues. Consequently, the two natural series of uranium
and thorium, *Ra and ?*Ra, are the most radiotoxic of the
many radionuclides in the radioactive decay chain [5]. In-
vestigating naturally occurring radioactivity in food is essen-
tial for understanding how radiation affects people. In order
to assess the magnitude variation in the natural background
process over time as a result of the radioactivity spread, it is
important to measure the natural radioactivity study in the
food [6]. One essential element of the environmental moni-
toring program is the detection of radionuclides in food.
The majority of human radiation exposure comes from these
naturally occurring radioactive sources; “K is found in al-
most all foods since it is an essential part of cellular matter
[6]. The human body can absorb radionuclides through the
mouth or through inhalation. Radionuclides can build up in
particular body parts after being consumed. Therefore, con-
suming food that contains radionuclides can account for a
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sizable amount of the radiation exposure that various body
organs receive. This component is essential for determining
long-term health hazards. A person’s internal radiation ex-
posure is influenced by the natural and synthetic radionu-
clides found in food. Research indicates that food consump-
tion accounts for a substantial amount, about one-eighth, of
the average yearly exposure from natural sources. Therefore,
long-term health issues heavily depend on the radiation
dosages received by different human organs [7]. These ra-
dioactive particles can damage cells and human health when
they eventually decay after entering organs. It is essential to
track and document the presence of radioactive elements
in food products and the environment in order to safeguard
human health. The information gathered can be used as per-
tinent criteria to assess radioactive hazards [7]. There have
been many researchers all over the world in the last two years
measuring the natural radioactivity in foodstuffs [8—10].
The aim of the current investigation to measure the natural
radioactivity concentrations in foods consumed by school-
age (6—12 years) children using gamma spectroscopy. Addi-
tionally, it aims at calculating the effective annual dose plus
assuming the risk of cancer.

Materials and methods

The samples utilized in this investigation were gathered
from local Iraqi markets. The samples consisted of 20 samples
of foods consumed by primary school children, including bis-
cuit, chips, instant noodles, sunflower seeds, and chocolate,
with different brand names and from different sources. Details
of the foods used in the current study are shown in Table 1.

Table 1. Samples of food in the current study

Foodtype | STRE | SCode. | country
Susamli FC1 Turkey

Fiyonk FC2 Turkey
Biscuit McVitie’s FC3 UK
Coffee Joy FC4 Iran

Weetabix FC5 Morocco
Nice FCé6 Iraq
Halla FC7 Iraq
Chips Doritos FC8 Iraq
Lucy FC9 Iraq
Lays FC10 Iraq

Samy FC11 Korea

Noodles Indomie FC12 Saudi Arabia
Kleen FC13 Iran
Pasa FC14 Iraq
Sunflower Al-Yousif FC15 Iraq
seeds Al-Sultan | FC16 Iraq
Al-Sagar FC17 Iraq
Chocolate Nut-dirat FC18 Iraq
(cacao, cus- Altunsa FC19 Jordan
tard and jelly) Alen FC20 Turkey

Samples of food for children were collected from a va-
riety of local origins and accessible in Iraqi marketplaces.
To get them ready for actual measurements, they were
subsequently taken to the Nuclear Physics and Radiation
Laboratory, which is housed in the Physics Department of
the College of Science at the University of Kufa. After col-
lecting the food samples from the markets, they were placed
in 1 kg plastic bags, numbered, and labeled with the com-
pany name. They were then transported to the workplace for
measurement, where they were heated at a temperature of
70 °C for one hour. After heating, the samples were ground
using an electric grinder and then sieved using a mesh with
an approximate diameter of 2 mm to obtain homogeneous
samples. Their weight was determined using a digital scale.
The samples were left for about a month to achieve radio-
active equilibrium. Subsequently, the Marinelli beaker was
thoroughly washed with diluted hydrochloric acid and
distilled water. The studied samples were then placed in a
one-liter Marinelli container, sealed with adhesive tape,
and labeled with the relevant information. They were pre-
pared for measuring the natural radioactivity of uranium,
thorium, and potassium nuclei. Then, after the end of time
stored, Nal(Tl) spectrometry technique was used to deter-
mine the specific activity and concentrations of 2*U, 2*Th,
and “K in the samples of the present work for time count-
ing about 18,000 seconds (5 hours). It is worth mentioning
that, the Nal(Tl) detector (size 3 x 3, made in the USA,
and manufactured by ORTEC company) was prepared for
measurement before use by determining the operating of
high voltage and determining both the calibration and ef-
ficiency using a standard source, which is '*?Eu (standard of
gamma-ray source). Moreover, the software used to analyze
gamma spectroscopy in the present study is MAESTRO-32.
So, there are three energies of photopeak of gamma-ray that
were studied which are 1460, 1765, and 2614 keV for K,
28U (2“Bi), and **Th (**T1), respectively [11].

The activity per mass (specific activity, or A) for foodstuff
samples that depend on net area (N), efficiency of detector
(e), gamma probability (I), counting time (t), and mass of
dry samples (m) was calculated by the following [8, 9]:

N

A=———,
txexlyxm

where it may convert specific activity in unit Bg/kg to
concentrations in unit ppm, as follows: for “K (1 Bq/kg =
= 1/316 %), **U (1 Bq/kg = 1/12.4 ppm), and ?Th
(1 Bq/kg = 1/4.07 ppm) [12, 13].

Health risk factors like annual effective dose (AED) and
excess life cancer risk (ELCR) resulting from consuming the
foodstuffs of samples studies containing A (**U), A (¥*?Th),
and A (“°K) groups were determined. AED and ELCR were
calculated according to several parameters such as CR (the
amount of consumption rate in kg/year), CF, (conversion
factor in Sv/Bq), DL (rate of life in a year), and RF (risk
factor in inverse sievert). Values of AED and ELCR were
found by following [14, 15]:

AED (™) = (3.2, x CF) x CR3

ELCR =AED x DL x RF.
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Results

The values of concentrations for natural radionuclide
28U, 22Th, and “K for 20 children food samples were sche-
duled in Table 2. The specific activity values of >*U varied
from 1.52 Bq/kg in sample FC14 (noodles) to 28.41 Bq/kg
in sample FC9 (chips) with an average 12.32 &+ 1.93 Bq/kg.
Whereas the specific activity values 22Th ranged from 1 Bg/kg
in sample FC11 (noodles) to 17.4 Bq/kg in sample FC6
(chips) with an average 7.65 & 1.10 Bq/kg. For K, the spe-
cific activity ranged from 74 Bq/kg in sample FC4 (biscuit)
to 686.8 Bg/kg in sample FC15 (sunflower seeds) with an
average 375.16 £ 45.24 Bq/kg. Fig. 1-3 show the specific
activity values of 2*U, 2*Th, and K, respectively.

Comparison of the natural radioactivity of different types
of foods consumed by children is given in Table 3. It shows
that the highest average specific activity (Bq/kg) of 22U was
recorded in the food type (chips) were 20.35, while the low-
est average was in the food type (sunflower seeds) were 3.6.
The noodles food type recorded the highest average specific
activity (Bq/kg) of 22Th were 11.9 while the lowest value
(7.24) were in biscuit. The average specific activity (Bq/kg)
of “K ranged from 199.14 in noodles to 520.9 in chocolate
food type.

AED and ELCR of children foods in the present investi-
gation were shown in Table 4. AED (mSv/y) for 28U varied
from 0.002 mSv/y in the FC14 sample (sunflower seeds) to
0.495 mSv/y in the FC12 sample (noodles) with an average
0.153 £+ 0.034 mSv/y. The AED (mSv/y) for 2*Th were va-

ried from 0.001mSv/y in the FC14 sample (sunflower seeds)
to 0.161 mSv/y in the FC20 sample (chocolate jelly) with
an average 0.029 £ 0.008 mSv/y, while the AED (mSv/y) of
K varied from 0.002 mSv/y in the FC14 sample (sunflo-
wer seeds) to 0.288 mSv/y in the FC 20 sample (chocolate
jelly) with an average 0.070 £ 0.018 mSv/y. The AED total
(mSv/y) varied from 0.005 in the FC14 sample to 0.611 in
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Figure 1. Results of 228U concentrations
with safe limit

Table 2. Results of natural radioactivity in children food of the present work

Specific activity (Bq/kg)

Sample name Food type o prve—y K
FCA1 21.36 9.1 409.71
FC2 1.56 2.7 264.13
FC3 Biscuit 15.27 3.5 285.77
FC4 3.04 10.1 74.79
FC5 20.54 10.8 429.74
FC6 21.04 17.4 340.37
FC7 24.4 8.6 666.68
FC8 Chips 5.15 6.2 148.5
FC9 28.41 1.9 673.2
FC10 22.88 13.8 190.24
FC11 16.02 1 242.49
FC12 Noodles 17.19 6.5 103.15
FC13 15.12 4.4 251.91
FC14 1.52 2.9 103.84
FC15 2.36 9.8 686.8
FC16 Sunflower seeds 8.62 2.2 667.22
FC17 1.93 16.2 401.9
FC18 10.44 54 436.13
FC19 %ﬁgfaor':taeng’j‘;%‘; 4.74 5 510.6
FC20 4.9 15.4 615.97
Range 1.52-28.41 1-17.4 74-686.8
Average = SE 12.32 + 1.93 7.65+1.10 375.16 + 45.24
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Table 3. Comparison of natural radioactivity
of different types of foods

Average specific activity
Food type (Ba/kg)

238U 232Th 4DK
Biscuit 12.35 7.24 292.82
Chips 20.37 9.58 403.79
Noodles 16.11 11.9 199.18
Sunflower seeds 3.60 7.775 464.94
Chocolate (cacao,
custard and jelly) 6.69 8.6 520.9
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Figure 3. Results of “°K concentrations
with safe limit

the FC12 sample with an average 0.253 = 0.050. Moreover,
ELCR values ranged from 0.018 to 2.139 with an average
0.887 £0.176. According to ICRP [16], all AED values were
below the suggested value of 1 mSv/y because of food con-
sumption. All ELCR results remained within the global limit
2.5x 10~*according to ICRP [16]. Fig. 4 shows the compari-
son of AED, and ELCR with the safe of global limits.

Discussion
The values of activity per unit mass of uranium-238,
thorium-232, and potassium-40 in the 20 analyzed food

Table 4. Results of AED and ELCR in children food of the present work

AED (mSvly)
Sample name ELCR, x 10
28y 232Th 40K Total
1 2 3 4 5 6
FC1 0.090 0.014 0.028 0.131 0.459
FC2 0.007 0.004 0.018 0.029 0.100
FC3 0.064 0.005 0.019 0.089 0.311
FC4 0.013 0.015 0.005 0.033 0.116
FC5 0.086 0.016 0.029 0.132 0.461
FC6 0.168 0.050 0.044 0.263 0.921
FC7 0.195 0.025 0.087 0.307 1.074
FC8 0.041 0.018 0.019 0.078 0.275
FC9 0.227 0.006 0.088 0.320 1.121
FC10 0.183 0.040 0.025 0.248 0.867
FC11 0.461 0.010 0.113 0.585 2.049
FC12 0.495 0.068 0.048 0.611 2.139
FC13 0.435 0.046 0.118 0.599 2.098
FC14 0.002 0.001 0.002 0.005 0.018
FC15 0.003 0.004 0.013 0.020 0.072
FC16 0.010 0.001 0.013 0.024 0.085
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End of Table 4
1 2 3 4 5 6
FC17 0.002 0.007 0.008 0.017 0.060
FC18 0.301 0.056 0.204 0.561 1.964
FC19 0.137 0.052 0.239 0.428 1.497
FC20 0.141 0.161 0.288 0.590 2.066
Range 0.002-0.495 0.001-0.161 0.002-0.288 0.005-0.611 0.018-2.139
Average + SE 0.153 + 0.034 0.029 + 0.008 0.070 = 0.018 0.253 + 0.050 0.887 = 0.176

25

15

05

0

AED ELCR
= Safe limit 1 25
sCurrent stucy 0.253 0,887
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Figure 4. Comparison of AED and ELCR in the current work

with the safe global limits

samples of the current study (Table 2, Fig. 1) were all within
the UNSCEAR recommended upper limit of 33 Bq/kg [17].
Similarly, the thorium-232 (Table 2, Fig. 2) was below the
internationally permitted upper limit of 45 Bq/kg [17]. In
contrast, eight samples exceeded the internationally permit-
ted upper limit for potassium-40 (Table 2, Fig. 3). All calcu-
lated AED values were below the International Commission
on Radiological Protection recommended annual limit of
1 mSv/year [16] for ingestion, and the ELCR values were
within the global upper limit of 2.5 x 10" [16].

Conclusions

The values of activity per unit mass of U, 2Th, and
40K for 20 children food samples were within the average va-
lues of safe global limit by UNSCEAR 2008, except 8 sam-
ples recorded above the global limit towards K. Also, it was
found that the AED in all samples and all age groups were
within the average safe limit according to the ICRP report.
The results of ELCR in all samples under investigation were
within the average values of safe global limit by ICRP.
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BnAMB NPUPOAHUX PAAIOOKTUBHUX MATEPIAAIB Y CHEKAX HO 3A0POB’s AiTel B ipaky

Pe3iome. Xapuosi npomykTu MicTATb pi3HY KiJIbKiCTh MPUPOI-
HUX pagioaKTMBHUX MaTepiajiB, i 1Ii BiIMiHHOCTI TTOSICHIOIOThCS
TaKUMM (akTopaMH, SK KiIiMaT, METOAU BEIEHHS CilbCbKOTO
rocrofapcTsa i piBeHb (DOHOBOI panialiii. Buznano, 110 pamio-
HYKJIiII € OCHOBHUMHU MPUYNHAMU BHYTPIIITHHOTO OTIPOMiHEHHS
moneit. Cepel MPUPOIHUX PATiOHYKITiIiB HAXOLIbII 3HAYYITUMU
3 TOUKM 30py pafialliiHOro 3axucry € izoromnu psmis 2*U, »2Th
Ta “K. PiBeHb MPUPOAHOI palioaKTUBHOCTI B CHEKAX, 1110 CITOXM-
BAIOTh JITH MOJIOMIIIOTO IIKITBHOTO BiKY (6—12 poKiB), BUMipIO-

BaJIM 3a JIOMOMOrolo JereKkropa ramma-crekrpockorii Nal(TI).
Jliama3oH aKTMBHOCTI Ha OAMHMIIO Macu (ITUTOMa aKTUBHICTb)
28U, 2Th Tta “K cradoBusB BinmosigHo 12,32—-28.41, 1-17,4 i
375,16—686,8 Bk/kr. 3rigHo 3 nanumMu HKJIAP OOH ta MKP3,
HaJMipHUI PU3UK PAKY MPOTSATOM KUTTS i MOKa3HUKMU e(DEKTUB-
HOI piuHOI 1031 OyJIM HIDKYMMU 3a JOMYCTUMI PiBHI B GiIbIIOCTI
TOCTIIKyBaHUX 3pa3KiB.

Kii040Bi cioBa: panionyxiinu; xapyoBi mpomyKkTu; eeKTUBHA
J103a; PU3KK paKy
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N-acetylcysteine therapy for pediatric
non-acetaminophen-induced acute liver failure:
a single center study

Abstract. Background. Acute decline in liver function determines the life-threatening disorder known as acute liver
failure (ALF). Although N-acetylcysteine (NAC) is extensively utilized for acetaminophen-induced ALF, its function in
non-acetaminophen ALF is still debatable. The purpose was to study the effectiveness of NAC in patients with ALF of
various non-acetaminophen etiologies, with a focus on biochemical indicators, spontaneous hepatic recovery, and overall
mortality. Materials and methods. Twenty-four patients aged 6 months to 13 years diagnosed with ALF were selected
for this prospective observational research over a period of 6 months, from I of June to I of December 2024, at the
Central Central Children’s Teaching Hospital in Baghdad city. They received NAC during the admission to the hospital.
Clinical features, markers including liver function tests, coagulation profiles in addition to clinical effectiveness, outcome,
hospital length of stay and survival rates were evaluated. Results. The age of patients was 6 months to 13 years. The
sex distribution was equal, with 12 (50 %) male and 12 (50 %) female patients. The average duration of illness prior to
admission was 6.25 * 3.35 days. The mean length of hospitalization was 7.75 £ 2.51 days. Half of the patients (50 %)
had stage 11 liver failure, stage 111 and stage [11—1V were reported in 33.33 and 16.67 % of the patients, respectively,
Jaundice and hepatomegaly were universal findings. Regarding etiology of liver failure, viral causes were most frequent
(50 %), followed by unknown causes (33.3 %), while metabolic and others disorders (drugs, autoimmune hepatitis, Wilson
disease) comprise 16.7 %. Total serum bilirubin showed a statistically significant decrease from a median of 12.65 mg/dL
before treatment to 8.85 mg/dL after treatment. Alanine aminotransferase dropped from a median of 926.50to 469.50 U/L
with a highly statistical significance, while aspartate aminotransferase also showed a significant reduction from §01.50 to
504.50 U/L. The international normalized ratio significantly improved, decreasing from a median of 2.05 before treatment
to 1.4 after treatment. Conclusions. This study shows that NAC may be useful as a treatment for acute liver failure in
children, especially by improving liver biomarkers, and lowering coagulation abnormalities. Future research should
concentrate on patient stratification by ALF etiology, the identification of predictive biomarkers for NAC responsiveness,
and an evaluation of its long-term effects on survival and liver regeneration, although this is still up for debate.
Keywords: N-acetylcysteine; acute liver failure; survival rates; non-acetaminophen-induced failure

Introduction

In those without pre-existing liver disease, acute liver
failure (ALF) is an uncommon but life-threatening disor-
der marked by coagulopathy, encephalopathy, and fast start
of hepatic dysfunction [1]. With significant morbidity and
death rates, the illness frequently advances quickly and re-
quires immediate medical intervention many times inclu-
ding liver transplantation [2, 3]. ALF is linked with poor
outcomes despite developments in critical care and liver
transplantation methods, particularly in resource-limited
environments where access to transplantation is restricted

[4]. Because it may restore hepatic glutathione reserves,
reduce oxidative stress, and enhance mitochondrial acti-
vity, N-acetylcysteine (NAC) is a well-established therapy
for acetaminophen-induced ALF [5]. These features have
spurred research on non-acetaminophen-induced ALF, a
diverse syndrome with many etiologies including viral hepa-
titis, autoimmune diseases, drug-induced liver damage,
metabolic, and ischemic hepatopathy [6].

Scores that obtained to evaluate the functional hepatic
capacity do not always coincide with progression of liver fai-
lure, especially in children. Therefore, it is prudent to also
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consider the clinical signs and the early changes in laboratory
parameters such as alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST) levels, prothrombin time (PT),
partial thromboplastin time (PTT), international normalized
ratio (INR), ammonia, direct bilirubin, glucose, albumin
level and, whenever possible, factor VII assay, to assess the
progression and severity of the condition [7]. Although some
studies have shown NAC’s possible advantages in enhancing
oxygen delivery, hemodynamic stability, and general survival
in ALF its effectiveness in non-acetaminophen-related pa-
tients is still a subject of much discussion [8].

In recent research, the use of NAC in non-acetamino-
phen ALF has produced contradictory results. Some studies
reveal limited effectiveness or no significant benefits in se-
vere cases or those with late-stage liver failure, while others
claim higher survival rates and biochemical outcomes. Fur-
thermore, complicating its general usage in clinical practice
is the variability in clinical outcomes based on ALF etiology,
timing of NAC administration, and the lack of standardized
treatment techniques [9]. With conflicting findings, many
studies have looked at how well NAC works in non-ace-
taminophen-induced ALFE. In patients with non-acetamin-
ophen ALE Lee et al. undertook a randomized controlled
study looking at NAC and found enhanced transplant-free
survival in those with early-stage hepatic encephalopathy.
The research underlined how NAC may help to improve
oxygen supply and lower oxidative stress [10].

The purpose was to study the effectiveness of NAC in
patients with ALF of various non-acetaminophen etiolo-
gies, with a focus on biochemical indicators, spontaneous
hepatic recovery, and overall mortality.

Materials and methods
Study design

This was a prospective observational research carried out
over a period of 6 months from I* of June to 1* of Decem-
ber 2024. The patients were admitted and diagnosed at the
gastroenterology ward of the Central Children’s Teaching
Hospital in Baghdad city, Iraq.

Inclusion and exclusion criteria

Patients with ALF (defined as the onset of coagulopathy,
INR > 1.5, and hepatic encephalopathy (grade 0—1 or 2—4)
in patients without pre-existing liver disease) [11], with-
out chronic underlying liver disease, were included in this
study. Acute liver failure was primarily attributable to viral
hepatitis (hepatitis A virus (HAV), hepatitis B virus (HBV),
and hepatitis E virus (HEV)), metabolic diseases or sepsis,
autoimmune hepatitis, Wilson disease, and drug exposure
(apart from paracetamol). The diagnosis of autoimmune
hepatitis (AIH) was established if a patient had one or more
positive autoantibody tests (anti-nuclear antibody > 1 : 80,
smooth muscle antibody > 1 : 20, liver-kidney microsomal
antibody > 1 : 20) and no evidence of serologically defined
viral hepatitis. Non-paracetamol drug-induced hepatitis
was diagnosed if a temporal relationship between exposure
to a suspected drug and the onset of ALF was established
and other common causes were excluded. Hepatitis A, B,
or E infection was confirmed serologically or by polymerase
chain reaction (PCR). Metabolic diseases were diagnosed

by laboratory tests (e.g., alpha-1-antitrypsin), analysis of
liver tissue (e.g., mitochondrial enzyme defect). If the in-
vestigator suspected an infection or metabolic disease but
lacked supporting evidence or if a specific diagnosis could
not be established, the final diagnosis was registered as un-
known [12].

Grading of pediatric hepatic encephalopathy was per-
formed by using West Haven Ceriteria [13] (Table 1).

In case of hospital discharge, liver transplant, or death
within 7 days of treatment, or treatment was discontinued
earlier than 7 days, those patients were excluded from par-
ticipating in the study. Based on the inclusion and exclusion
criteria, 24 patients diagnosed with ALF were registered in
the study. Patients receiving intravenous NAC as per the es-
tablished protocol:

— loading dose. To 250 mL of glucose 5%, add
150 mg/kg of acetylcysteine, and then infuse for 30 minutes
(500 mL/h);

— maintenance dose. Acetylcysteine is given at a dose
of 150 mg/kg, diluted in 1000 mL of 5% glucose, and in-
fused over 24 hours at a rate of approximately 41.6 mL/h.
Acetylcysteine is compatible with both 5% glucose and 0.9%
sodium chloride; however, 5% glucose is the preferred dilu-
ent in patients with liver failure [14].

Data collection

Throughout the course of therapy, clinical and labora-
tory data were collected at baseline (prior to NAC adminis-
tration) and at random intervals during the 7 days following
enrolment. The collected data included:

1. Demographic data: age, gender, and etiology of ALF.

2. Clinical features: fever, nausea, vomiting, jaundice,
bleeding, hepatomegaly, splenomegaly, and ascites.

3. Biochemical and laboratory markers: serum ALT,
AST, alkaline phosphatase (ALP), total serum bilirubin,
coagulation profile (PT, PTT, and INR), complete blood
count, renal function tests, blood culture, viral hepatitis
markers (hepatitis A-E), serum ceruloplasmin, 24-hour uri-

Table 1. Grading of pediatric hepatic

encephalopathy
Grade of Neurological presentation
encepha- Children Children
lopathy <4 years > 4 years
Incrgased Sleep disturbance,
fussiness, sleep
Stage 1 . .| mood changes, men-
disturbance, easily tal foaqiness
distracted 99
Increased
fussiness, sleep . .
Stage 2 disturbance, easily Progressive fatigue
distracted
Increased fatigue,
Somnolence confusion, speech
Stage 3 o ’ abnormalities, hyper-
agitation . ;
reflexia and increased
tone
Overt coma, de-
Stage 4 cerebrate or decor- | Overt coma
ticate posturing
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nary copper, autoimmune hepatitis panel, and a metabolic
panel for inborn errors. These laboratory tests were obtained
at baseline and within the first 6 hours of intravenous NAC
administration.

4. Clinical effectiveness outcomes: presence and grade
of hepatic encephalopathy, overall clinical outcome, and
length of hospital stay.

To ensure accuracy, normalization of INR was con-
firmed not to be secondary to blood product administration.
For study purposes, the first day on which the INR value fell
below the target threshold was considered the time of INR
normalization [15].

Early consultation with a liver transplant center was
considered for patients meeting the King’s College Criteria
for non-acetaminophen acute liver failure [16], which in-
clude either a PT greater than 100 seconds (approximately
INR > 6.5), irrespective of the grade of encephalopathy, or
any three of the following five variables:

a) age < 10 or > 40 years;

b) etiology: non-A, non-B hepatitis, or idiosyncratic
drug reactions;

¢) duration of jaundice before development of encepha-
lopathy > 7 days;

d) PT greater than 50 seconds (approximately INR
> 3.5);

e) serum bilirubin > 17.5 mg/dL (~ 300 umol/L).

Ethical approval

The study was carried out in accordance with the Dec-
laration of Helsinki’s ethical guidelines. Before the sample
was taken, the patients gave their verbal and analytical con-
sent. A local ethics committee evaluated and approved the
consent form, the study protocol, and the subject informa-
tion (the document number: 4/2024 in May 2024).

Study limitations

This study has several limitations. First, the sample size
was relatively small (n = 24), which may limit the generali-
zability of the findings. Second, the single-center design
may restrict external validity. Finally, the observational na-
ture of the study precludes establishing causality, in contrast
to randomized controlled trials.

Statistical evaluation

Statistical analyses were performed by using SPSS soft-
ware version 25.0 (SPSS, Chicago). Continuous data were
subjected to normality test (Shapiro-Wilk test). Data with
normal distribution were presented as mean and standard
deviation (SD) and analyzed with paired-sample t-test.
Data with non-normal distribution were presented as me-
dian and range and analyzed with Wilcoxon signed-rank
test. Categorical variables were expressed as number and
percentage and analyzed with chi-square test. A p-value less
than 0.05 was considered to indicate a statistically signifi-
cant difference.

Results
Demographic characteristics of the patients

In this study, 24 pediatric patients with non-acetami-
nophen-induced ALF treated with NAC were analyzed for

their demographic and clinical characteristics. The mean
age was 6.33 + 4.42 years, with ages ranging from 6 monthsto
13 years. The sex distribution was equal, with 50 % male and
50 % female patients. The average duration of illness prior
to admission was 6.25 + 3.35 days. Most patients (70.83 %)
reside in urban areas, while 29.17 % were from rural regions.
The mean length of hospitalization was 7.75 = 2.51 days,
with stays ranging from 2 to 13 days (Table 2).

Clinical characteristics of the patients

Half of the patients (50 %) had stage II liver failure; stage
IIT and stage ITI-IV were reported in 33.33 and 16.67 % of
the patients, respectively. Fever was present in the majority of
cases (79.2 %), while vomiting was reported in 66.7 % of pa-

Table 2. Demographic characteristics of pediatric
patients with liver failure

Variables Category Value
Ade. vears Mean + SD 6.33 +4.42
ge.y Range 0.5-13
Male 12 (50)
0,
Sex, n (%) Female 12 (50)
. . Mean + SD 6.25 + 3.35
Disease duration, days Range 214
. Urban 17 (70.83
Residence, n (%) Rural 7 ((29_17))
L Mean + SD 7.75 = 2.51
Hospitalization, days Range 213

Table 3. Clinical characteristics of pediatric patients

with liver failure
Variables Category Freql(l‘;r;cy, n

Stage of liver Illll 81 (23:%5:(3):)3)
failure -1V 4 (16.67)
Fever Absent 5(20.8)
Present 19 (79.2)

Vomitin Absent 8 (33.3)
9 Present 16 (66.7)
Nausea Absent 15 (62.5)
Present 9 (37.5)

. Absent 0 (0)
Jaundice Present 24 (100)
Hepatomegaly Absent 0(0)

Present 24 (100)

Absent 18 (75)

Splenomegaly Present 6 (25)
. Absent 19 (79.2)
Bleeding Present 5(20.8)
. Absent 12 (50)
Ascites Present 12 (50)
Unknown 8 (33.3)

Cause of liver Viral 12 (50)
failure Metabolic and 4 (16.7)

others
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tients. Nausea was less common, occurring in 37.5 % of the
cohort. Notably, present in 100 % of patients. Splenomegaly
was observed in 25 % of cases, while bleeding manifestations
occurred in 20.8 % of patients. Ascites was found in half of
the cases (50 %). Regarding the etiology of liver failure, viral
causes were the most frequently identified (50 %), followed
by unknown causes (33.3 %) and metabolic and other disor-
ders (drugs, AIH, Wilson disease) (16.7 %) (Table 3).

Effect of NAC treatment on liver function tests

Most laboratory data were non-normally distributed.
Accordingly, these data were expressed as median and range.
Total serum bilirubin showed a statistically significant de-
crease from a median of 12.65 mg/dL before treatment to
8.85 mg/dL after treatment (p = 0.005). Similarly, direct
bilirubin levels declined significantly from a median of 8.5
to 6.7 mg/dL (p = 0.006). ALT dropped from a median of
926.50 to 469.50 U/L with a highly statistical significance
(p <0.001), while AST also showed a significant reduction
from 801.50 to 504.50 U/L. In contrast, ALP levels re-
mained unchanged with a median of 175.50 U/L both be-
fore and after treatment. PT improved markedly, decreasing
from a median of 21.4 (range: 16.0—107.0) to 15.95 seconds
(range: 12.0—60.0), showing enhanced hepatic synthetic
function (p < 0.001). PTT, however, remained unchanged
with a median of 40 seconds (range: 28.6—101.0) before and
after treatment (p = 0.100) as shown in Table 4.

Effect of NAC freatment on hematologic
parameters

The INR showed a significant improvement, decreasing
from a median of 2.05 (range: 1.60—8.00) before treatment
to 1.4 (range: 1.0—5.0) after treatment (p = 0.002). Con-
versely, serum albumin levels showed a slight increase from
a median of 32.0 (range: 18.0—41.8) to 33.0 g/dL (range:
20.0—41.8), with no significant difference.

White blood cell counts decreased from a median of
17.31 x 10°/L before treatment to 9.27 x 10°/L after treat-
ment; however, this reduction did not reach statistical signi-

Table 4. Effect of NAC treatment on liver function

tests
. Before After

G treatment | treatment | P-Value
TSB, mg/dL
Median 12.65 8.85 0.005
Range 3.0-23.7 2.8-22.7
Direct SB, mg/dL
Median 8.5 6.7 0.006
Range 1.5-20.1 1-16.9
ALT, U/L
Median 926.50 469.50 < 0.001
Range 117-3944 | 104-1555
AST, U/L
Median 801.50 504.50 0.007
Range 23-3819 23-5700
ALP, U/L
Median 175.50 175.50 0.655
Range 111-699 111-699

ficance (p = 0.268). Hemoglobin levels remained relatively
stable, with a median of 11.1 g/dL before NAC and 10.7 g/dL
after treatment (p = 0.884). Platelet counts (PLT) also de-
clined from a median of 157.0 x 10°/L (range: 60—380) to
81.0 x 10°/L (range: 36—206), although the change was not
statistically significant (p = 0.401) as indicated in Table 5.

Outcome

More than two-thirds of the patients (70.83 %) survived.
However, 5 patients (20.83 %) died, and 2 patients (8.33 %)
was discharged as shown in Fig. 1.

Table 5. Effect of NAC treatment on hematologic

parameters
. Before After
AR treatment treatment e
PT, sec
Median 21.4 15.95 < 0.001
Range 16.0-107.0 12-60
PTT, sec
Median 40 40 0.100
Range 28.6-101.0 | 28.6-101.0
INR
Median 2.05 1.4 0.002
Range 1.60-8.00 1.0-5.0
Albumin, g/dL
Median 32.0 33.0 0.180
Range 18.0-41.8 20-41.8
WBC, x 10°/L
Median 17.31 9.27 0.268
Range 3.50-23.60 | 3.20-14.30
Hb, g/dL
Median 11.1 10.7 0.884
Range 8.7-14.8 10.48-13.30
PLT, x 10°/L
Median 157.0 81.0 0.401
Range 60-380 36—206

O Survived ® Discharged @ Died

Figure 1. Outcome of pediatric patients
with ALF treated with NAC
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Therapeutic efficacy of NAC

According to clinical and biochemical outcomes, 15
patients (62.5 %) benefited from NAC treatment, while 9
patients (37.5 %) did not (Fig. 2).

62.50 %

O Benefit m No benefit

Figure 2. Distribution of patients according to their
benefit from NAC

Association of demographic characteristics,
stage of liver failure and cause of liver failure
with therapeutic efficacy of NAC

The only demographic characteristics which had a sig-
nificant association with NAC treatment was disease du-
ration. Patients who benefited had a shorter mean disease
duration of 4.93 + 1.79 days, compared to 8.44 £ 4.25 days
in the non-benefit group (p = 0.010). Other factors were
comparable between the two groups with no significant
difference (Table 6). The etiology of liver failure also in-
fluenced treatment response. Among those who benefited,
73.33 % had a viral cause, while 55.56 % of non-responders
had an unknown etiology and 33.33 % had metabolic causes
(p=0.012).

Association of clinical characteristics
with therapeutic efficacy of NAC

A highly significant association was observed between the
stage of liver failure and treatment response. Among those
who benefited from NAC, 80 % were in stage 11, while none
had more advanced disease stages (111 or IV). In contrast, all
patients in the non-benefit group had stage I1I (55.56 %) or
stage 11I-1V (44.4 %), with no cases in stage 11, indicating
that earlier stages of liver failure are more likely to respond
favorably to NAC. Bleeding manifestations, however, were
significantly associated with better outcomes (66.67 % in
benefit group vs. 55.56 % in non-benefit, p = 0.003), though
this may reflect closer clinical monitoring and suppor-
tive interventions. A striking difference was observed in the
presence of ascites, which was present in 100 % of the non-
benefit group but only 20 % of the benefit group (p < 0.001)
(Table 7).

Association of baseline liver function tests
with therapeutic efficacy of NAC

The TSB levels were significantly lower in patients who
responded to NAC therapy (median 10.5 mg/dL, range
4—15.5) compared to those who did not (median 16.4 mg/dL,
range 3.0—28), with a p-value of 0.021. Direct bilirubin
levels also showed a trend toward being lower in the benefit
group (median 7.9 mg/dL, range 1.5—13.8) versus the non-
benefit group (median 15.7 mg/dL, range 2.8—20.1), but the
difference did not reach statistical significance (p = 0.064).
Non-responsive group had significantly higher median le-
vels ALT (993 vs. 720 U/L, p = 0.038), and AST (938 vs.
450 U/L, p = 0.044) compared to those who did benefit.
The levels of liver enzymes such as ALT, AST and ALP were
not significantly different between the two groups (Table 8).

Table 6. Association of demographic characteristics,
and cause of liver failure with therapeutic efficacy

of NAC
. No benefit | Benefit
Variables (n=9) (n = 15) p-value

Age, years
Mean + SD 5.58 +3.76 | 7.33+4.21| 0.129
Range 1.33-13 0.5-13
Sex, n (%)
Male 4 (44.44) 8 (53.33) 0.673
Female 5 (55.56) 7 (46.67)
Disease duration,
days
Mean + SD 8.44 +4.25 | 493 +1.79 0.010
Range 2.0-14.0 3.0-8.0
Residence, n (%)
Urban 7 (77.78) | 10(66.67) | 0.562
Rural 2 (22.22) 5 (33.33)
Hospitalization,
days
Mean + SD 6.89 +3.72 | 8.27 + 1.28 0.199
Range 2.0-13 6.0-10
Cause of liver
failure, n (%)
Unknown 5 (55.56) 3 (20) 0.012
Viral 1(11.11) | 11 (73.33) ’
Metabolic and 3 (33.33) 2 (13.33)
others

Table 7. Association of clinical characteristics
with therapeutic efficacy of NAC, n (%)
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Variables No benefit Benefit _value
(n=9) (n = 15) P
Stage of
liver failure
Il 0 (0) 12 (80) < 0.001
1] 5 (55.56) 3 (20)
-V 4 (44.4) (0)
Fever 5 (55.56) 14 (93.33) 0.047
Nausea 1(11.11) 8 (53.33) 0.039
Bleeding 5 (55.56) 10 (66.67) 0.003
Ascites 9 (100) 3 (20) < 0.001
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Association of baseline hematologic parameters
with therapeutic efficacy of NAC

The median PT in the benefit group was 19 seconds com-
pared to 40 seconds in the no benefit group, with a highly
significant difference (p < 0.001). Similarly, PTT was signifi-
cantly longer in the no benefit group (median 60 seconds)
versus the benefit group (median 38 seconds) (p = 0.002).
The INR was also higher in the no benefit group (median
3.4) compared to the benefit group (median 1.8), with a
p < 0.001. Albumin levels were notably lower in the no be-
nefit group (median 21 g/dL) compared to the benefit group
(median 32 g/dL), with a statistically significant difference
(p = 0.005). Hemoglobin levels were also slightly lower in
the no benefit group (median 10.8 g/dL) compared to the
benefit group (median 12.8 g/dL), with a p-value of 0.048.
Other laboratory markers, including urea, creatinine, WBC,
neutrophils, lymphocytes, and platelet count, did not show
statistically significant differences between groups (Table 9).

Discussion

Pediatric non-acetaminophen ALF remains clinically
challenging. The findings of this research provide important
new perspectives on the therapeutic effectiveness of NAC in
patients with ALE.

The age range in our study was 6 months to 13 years.
In comparison, the Pediatric Acute Liver Failure (PALF)
study trial (n = 184) reported median ages of 3.7 years (IQR
0.8—10.5) in the NAC arm, which reflects a similar pediatric
age distribution [17].

In our study, the mean time to admission was 6.25 & 3.35
days (median: 3 days). The mean length of hospital stay was
7.75 £ 2.51 days (range 2—13 days). In comparison, a 2022
meta-analysis reported that NAC was associated with sig-
nificantly shorter hospital stays, while the median pre-ad-
mission disease duration across pooled studies was approxi-
mately 3 days [18].

Regarding severity and physical findings, our study
showed that fever was present in 79.2 %, and ascites in 50 %,
consistent with common ALF presentations. Universal

Table 8. Association of baseline liver function tests
with therapeutic efficacy of NAC

Variables No benefit Benefit —value
(n=9) (n=15 | P

TSB, mg/dL

’ 16.4 10.5
Median 30-28 4-155 0.021
Range
Direct SB, mg/dL

. ’ 15.7 7.9
Median 0.064
Range 2.8-20.1 1.5-13.8
QZE?JQ’L 993 720 0.038
Range 334-3150 | 117-3499
aigi’alrj\/L 938 450 0.044
Range 160-3819 | 23-2797
ALP, U/L

] 181 170
Median 0.144
Range 150-699 111-549

hepatomegaly and jaundice further suggest more severe or
fulminant disease. Bleeding manifestations were observed
in 21 %, which is lower than the 40 % reported in pediat-
ric ALF overall but higher than the 11 % typically seen in
hepatitis A cohorts, suggesting a moderate degree of coagu-
lopathy. Overall, our findings align broadly with pediatric
ALF profiles, particularly with respect to jaundice, hepato-
megaly, and ascites [19].

A 50 % viral etiology rate in our cohort is consistent with
both global and regional ALF data. The 33 % unknown eti-
ology rate is typical in settings without access to advanced
diagnostic panels (e.g., adenovirus, HSV, parvovirus) and
mirrors the experience of many tertiary centers, where cryp-
togenic cases remain common. Comparative findings from
a pediatric ALF cohort in India [20] reported infections in
29.5 % and metabolic disorders as a minority. In adult co-
horts, etiologies differ, with HAV (25 %), HBV (18.7 %),
drug induced liver injury (DILI) (12.7 %), AIH (12.5 %),
and HEV (9.3 %) reported.

In our study, hepatic encephalopathy grades were evenly
split between moderate (stage I11) and severe (stages I11—-1V),

Table 9. Association of baseline hematologic
parameters with therapeutic efficacy of NAC

. No benefit Benefit

Variables (n=9) (n = 15) p-value
PT, sec
Median 40 19 < 0.001
Range 21-107 16-25
PTT, sec
Median 60 38 0.002
Range 34-101.0 28.6-49
INR
Median 3.4 1.8 < 0.001
Range 2.10-8 1.6-3.0
Albumin, g/dL
Median 21 32 0.005
Range 18.0-35.0 25-41.8
WBC, x 10°/L 6.8
Median 3.50— 8.7 0.519
Range 20.20 3.80-23.60
Neutrophils,
x 10%/L
Median 51 65 0.155
Range 13-81 23.60-70.70
Lymphocytes
Median 38.5 29 0.519
Range 0.49-70 | 17.60-62.20
Hb, g/dL
Median 10.8 12.8 0.048
Range 8.7-13.3 8.9-14.8
PLT, x 10%L
Median 108 206 0.174
Range 64-380 60—-285
Urea, mg/dL
Median 3.5 2.3 0.155
Range 0.9-20.0 1.08-10.1
Creatinine
Median 45.0 51.0 0.558
Range 5.2-140 15.1-70
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a distribution consistent with both pediatric and adult ALF
studies. For example, Squires et al. reported stage I—II in
41 % and stage I11-1V in 59 % of cases [ 17], while the PALF
Study Group found an even 50 % distribution [21]. Simi-
larly, in adults, Wang et al. observed stage I—-111in 49.5 % and
stage I1I—1V in 50.5 % [22]. These parallels strengthen the
interpretation that our cohort represents true acute liver fai-
lure, rather than severe hepatitis alone.

NAC appears to accelerate liver injury recovery and pro-
mote bilirubin clearance, particularly when administered
early in the disease course. In our study, NAC use was asso-
ciated with statistically significant reductions in TSB, ALT,
and AST. These findings are consistent with a pediatric viral
ALF (hepatitis A) study, in which NAC administration re-
sulted in marked decreases in AST, ALT, and both total and
direct bilirubin (all p < 0.05) [7]. Similarly, in a randomized
controlled trial by Lee et al. involving 173 patients with non-
acetaminophen ALFE, NAC significantly improved bilirubin
and ALT levels in early-stage disease (coma grade I-I1), al-
though AST did not change [23].

The observed improvements in coagulation parameters
in our study further underscore the potential importance
of NAC in ALFE Coagulation profile is a crucial metric in
evaluating liver function in these patients, and our results
suggest that NAC may contribute to improved hemostatic
recovery. However, its benefits are likely influenced by both
the severity and underlying etiology of liver failure. Multiple
RCTs and cohort studies have reported that NAC accele-
rates the resolution of coagulopathy and shortens hospital
stay, though explicit INR values are not consistently docu-
mented [18]. In the study by Darweesh et al. [24], the use
of INR normalization as a treatment milestone was empha-
sized as a key outcome measure.

In our study, 15 patients (62.5 %) responded to NAC,
while 9 patients (37.5 %) did not supporting the potential
role of NAC even in non-acetaminophen-related ALF. This
aligns with Walayat et al. [17], who reported that NAC sig-
nificantly improved both overall survival and transplant-free
survival, and with a meta-analysis by Amjad et al. [ 18], which
showed significantly higher transplant-free survival across
five prospective trials. Conversely, Orban et al. [25] found
no significant reduction in overall mortality, transplant-free
survival, or length of hospital stay with NAC, underscoring
the variability in reported outcomes.

Interestingly, in our cohort, the presence of bleeding mani-
festations was significantly associated with a favorable response
to NAC. While this may appear counterintuitive given the un-
derlying coagulopathy in ALF, it suggests that NAC is not only
safe but may confer added benefit in bleeding-complicated
liver failure. This is consistent with findings from Stravitz et al.
[26], who demonstrated that NAC did not increase the inci-
dence of bleeding in ALF patients, supporting its safety pro-
file even in coagulopathic settings. Furthermore, Pham et al.
[27] reported that NAC use in cirrhotic patients with variceal
bleeding significantly reduced the incidence of ischemic hepa-
titis and acute kidney injury; effects likely mediated through
improved hepatic perfusion and enhanced antioxidant defense.

In our study, bilirubin elevations independently predic-
ted transplantation or death during the early course of ALF,
particularly in patients with grade I—I1 encephalopathy,

highlighting its prognostic value. Responders had signifi-
cantly lower total bilirubin levels compared to non-respon-
ders (10.5 vs. 16.4 mg/dL; p = 0.021), with a similar trend
for direct bilirubin (p = 0.064). Conversely, non-responders
demonstrated higher ALT (993 vs. 720 U/L; p = 0.038) and
AST (938 vs. 450 U/L; p = 0.044). These findings are con-
sistent with Ryan M. Taylor et al. [28], who reported that
in non-acetaminophen ALF patients with coma grade I—I1,
NAC was associated with early improvements in bilirubin
and ALT parameters predictive of transplant-free survival.

Our results reinforce prior observations that better base-
line liver function tests, lower bilirubin, milder coagulopa-
thy, and preserved albumin are predictive of NAC respon-
siveness. This is in line with meta-analyses showing that
NAC improves both transplant-free and post-transplant
survival in non-acetaminophen ALF [29]. In our cohort,
non-responders had significantly worse coagulation param-
eters (PT 40 vs. 19 sec; INR 3.4 vs. 1.8; PTT 60 vs. 38 sec;
p < 0.001-0.002), confirming that severe baseline coagu-
lopathy predicts reduced NAC efficacy. Admission INR was
strongly associated with the risk of transplant or death in
NAC-treated ALF, especially in coma grades I—1I, while a
decline in INR was a hallmark of treatment response [23].

Responders also demonstrated superior synthetic func-
tion, with higher albumin (32 vs. 21 g/L; p = 0.005) and
hemoglobin (12.8 vs. 10.8 g/dL; p = 0.048). Although most
NAC trials in ALF do not explicitly evaluate albumin or he-
moglobin, impaired synthetic function is inherently linked
to worse outcomes [30].

Beyond hepatic recovery, the observed benefits of NAC
in pediatric ALF may extend to neurological protection. By
reducing oxidative stress, NAC may mitigate the cerebral
vulnerability seen in metabolic diseases, a paradigm that
likely applies to children with ALF, where inflammatory
cytokines, hyperammonemia, and oxidative stress adversely
affect brain function [31, 32]. Moreover, systemic stres-
sors in vulnerable populations — such as pediatric patients
and pregnant women — warrant careful assessment due to
heightened physiological demands and risks [33]. Our pro-
spective findings contribute to this growing body of evidence
by underscoring the importance of early metabolic modula-
tion with NAC in critically ill children.

Conclusions

This study shows that NAC may be useful as a treatment
for acute liver failure in children, especially by increasing
albumin production, improving liver biomarkers, and lo-
wering coagulation abnormalities. Future research should
concentrate on patient stratification by ALF etiology, the
identification of predictive biomarkers for NAC responsive-
ness, and an evaluation of its long-term effects on survival
and liver regeneration, although this is still up for debate.
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Tepanis N-aueTMALMCTEIHOM MPU FOCTPIN NEeYiHKOBIN HEAOCTATHOCTI,
He CNpUYMHEHIN aueTamiHopeHOM, Y AiTen:
OAHOLIEHTPOBE AOCAIAXKEHHS

Pe3tome. AxryambhnicTb. TocTpe nopyiieHHs (QyHKIT nediHKy
MPU3BOAUTD 10 HEOE3MEUHOTO AJIs1 XKUTTS CTaHy, BiTOMOTrO sIK Io-
crpa nevinkoBa HenoctatHicth (I'TIH). Xoua N-auetunuucrein
(NAC) mmpoko BUKOPUCTOBYEThCS TIPU alleTaMiHO(eH-1HIyKO-
BaHiit I'TIH, itoro poaps y I'TIH, He cnpuunHeHiil anieTamiHode-
HOM, 3aJIMIIAEThCS TUCKYCiiiHOI0. MeTa: oliHUTY e(eKTUBHICTh
NAC y nauienri i3 I'TIH, He BUkimkaHoo areraMiHO(GeHOM, 3
aKIICHTOM Ha OioXiMiYHiI MOKAa3HWUKM, CIIOHTAHHE BiTHOBIJICHHS
(yHKIIIT IeYiHKY i 3araabHy cMepTHiCTh. VMaTepiaim Ta MeToIH.
JIBaalSTh YOTUPH MALliEHTH BiKOM Bim 6 MicsuiB 1o 13 pokiB i3
niarHozom ['TTH Oynu BiniOpaHi 1ist HbOTo MPOCNEKTUBHOTO 00-
CepBaLiifHOTO IOCIIKEHHS, IIPOBEIEHOrO MPOTATOM 6 MicsLiB
(3 1 yepBHs gm0 1 rpymHs 2024 poky) y lleHTpanbHill AUTSUiii
HaBYaJIbHil JikapHi Micta Barman. Yci Bonu otpumyBaiu NAC
i yac rocrmiraiisarii. byiu omiHeHi KIiHIYHI XapaKTepuCTUKH,
TMOKAa3HUKM (YHKIIIT MMeYiHKM, KOaryJorpaMu, a TaKOX KIIiHiYHa
e(heKTUBHICTh, Pe3y/IbTaTH JIiIKyBaHHSI, TPUBAIICTh TIepeOyBaHHS
B CTallioHapi i piBeHb BuxuBaHHs. Pe3yabTaTu. Bik maiieHTiB
CTaHOBUB Bin 6 MicsiitiB o 13 pokiB. Po3mnonin 3a cratTio GyB piB-
Hum: 12 (50 %) xnomuukis Ta 12 (50 %) niBuatok. CepenHsi Tpu-
BaJIlicTh XBOPOOM [0 rocriTajizauii craHoBuia 6,25 + 3,35 aus,
a cepe/IHsI TPUBAJIICTh MepedyBaHHs B cTalioHapi — 7,75 + 2,51
nHs1. [lomoBuHa yyacHukiB (50 %) manmm Il cramito mediHKOBOT
HemocratHocTi, II1 ta III-IV cramii 3apeecTpoBaHi BiIMOBiZHO

y 33,331 16,67 % nalieHTiB, XOBTSHULS i remaromeraisi Oyiau
yHiBepcaJlbHUMU 3HaxinkaMu. [lomo eTiosorii me4iHKoBOiI Hefo-
CTaTHOCTI, BipycHi mpuuuHu Oynu HainmomwupeHimumu (50 %),
JaJti MM BUMAaaKK 3 HeBimomoto npuuuHoio (33,3 %), Toni sik
MeTa0oIiuHi Ta iHIIi po3jaaau (J1iKu, aBTOIMyHHMI TeraThuT, XBO-
poba BinbcoHa) cranoBuiu 16,7 %. PiBeHb 3araibpHOrO 6i1ipyoiHy
CHPOBATKU KPOBi 3MEHIIMUBCS CTATUCTUYHO BipOTiMIHO — 3 Mei-
aHu 12,65 Mr/mn 1o JnikyBaHHs 10 8,85 M/ Mic/st JIiKyBaHHSI.
VYmict ananiHamiHOTpaHchepasu 3HU3UBCS 3 MeaiaHu 926,50 mo
469,50 Ox/n 3 BUCOKOIO CTATUCTUYHOIO 3HAYYIIIICTIO, acrmapTar-
aMiHoTpaHcdepasa TaKoX MPOAEMOHCTPYBaia 3HAYHE 3HKEHHS
3 801,50 mo 504,50 On/n. MixkHapogHe HOpMaJli3oBaHE CITiBBilI-
HOIIIEHHSI iCTOTHO Toinmmitocs: 2,05 1o nikyBaHHs i 1,4 micis
Hboro. BucHoBkm. Lle mocnimkenHs mokasye, mo NAC moxe
OyTM KOPUCHMM Y JIIKyBaHHI TOCTPOi MEYiHKOBOI HEAOCTATHOCTI
B JiTeil, 0COOJMBO 3aBOSIKM MOKpAIIeHHIO (DYHKIII MeYiHKU Ta
3MEHIIEHHIO Koary/omnariii. MailoyTHi JOCTiIKeHHSI ITOBUHHI 30-
cepeauTuCs Ha cTpatudikalii naiieHTiB 3a etionorieto ['TIH, Bu-
SIBJIEHHI POTHOCTUYHUX GiomapkepiB Bianosini Ha NAC Ta ouiH-
11i 1Or0 TOBrocTPOKOBOTO BIUIMBY Ha BVXKMBAHHS i pereHepariiio
MEeYiHKM, X04a 1ie MUTAaHHSI 3aJIUIIAETLCS MPEIMETOM TUCKYCIii.
KiouoBi cjioBa: N-anerunnucTeid; rocTpa MediHKoBa Helo-
CTaTHICTh; TOKa3HUKM BYDKMBAHHS; HEIOCTATHICTh, HE BUKJIMKA-
Ha areTaMiHO(eHOM
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Children’s rights in medical decision-making:
a review of ECtHR principles

Abstract. Autonomy in medical decision-making involves an individual’s ability to decide which medical procedure is
suitable for them or to refuse treatment. Parents are regarded as the primary decision-makers for their children’s health
decisions. When parents do not act in the child’s best interest, disagreements between parents and healthcare providers
over the child’s medical treatment typically require resolution by the court. In this process, the minor should be considered
an active participant in their care. Therefore, the minor’s decision-making capacity becomes essential, and depending
on their age, they can give or withhold consent to treatment, which may conflict with their parents’ decisions or what is
deemed to be in their best interest. Medical consent ensures that the rights and the best interests of minors are always
protected. The state must guarantee the best interest of the child even when the parents who are entitled to do so may
Jeopardize the welfare of the child. By reviewing some of the most important case laws of the ECtHR, the paper aims to
examine the role of different actors in the medical decision-making of minors and the resolution of disputes that may arise

from other considerations of parents and health providers.

Keywords: minors; medical consent; autonomy; best interest of the child; review of the ECtHR case law

Introduction

The legal concept of consent implies permission for
something to happen or the agreement to do something
[1]. It is considered the act of voluntarily giving permission
to a specific action. On the other hand, there is autonomy,
usually understood as self-determination and the ability
to make autonomous decisions. According to Kant, au-
tonomy is the capacity for rational self-governance, rather
than the ability to do whatever one desires [2]. But as soon
as any part of a person’s conduct affects prejudicially the
interest of others, society has jurisdiction over it, and the
use of autonomy should not interfere with the values that
should be promoted in society. There are two approaches
to what autonomy should be considered. According to the
liberal model, autonomy is considered an individualistic
right predicated on self-sufficient individuals. The liberal
self is an autonomous, rational individual who chooses re-
lationship and obligations through the instrument of pri-
vate property and contract. On the other hand, relational
theorists argue that autonomy becomes possible through
social interactions, such as those with parents, teachers,
friends, and state agents [3]. The rational version allows
the principle of autonomy to be readily coordinated with

other moral principles governing the self, acting within a
social context. This requires that autonomous choices must
be made in response to obligations, duties, and responsi-
bilities. The right of autonomy is considered a negative
right, meaning that it protects an individual’s right to live
free from interference. Still, it is not an affirmative right in
the sense that the individual may always exercise that right.
The autonomy of people to make decisions, while taking
responsibility for those decisions and respecting the auto-
nomy of others, is to be respected [4, 5].

Autonomy should not be considered extremely private,
because the person exercising autonomy should be aware of
the importance of the decision and the benefits they derive
from exercising autonomy [6]. Each person is their own ar-
biter of what is good and what is bad. This analysis of the un-
derstanding of the benefits that should come from exercising
autonomy connects autonomy to consent.

Consent is based on the presence of three conditions:
an intentional manifestation of consent, the ability to un-
derstand, and the capacity for volition. The manifestation
of consent should be intentional and deliberate [7]. Know-
ledge requires both understanding and information about
the action that is to be taken. Volition is considered an in-
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tended and controlled manifestation of an act and an in-
tended desire to reach the consequences of the act. These
three elements of consent indicate that consent is closely
related to the ability to act as an opportunity to understand
and exercise rights and obligations [8].

The consent should be informed. Informed consent
means that the person should have sufficient information
and understanding of the issue before making a decision and
giving their consent before acceptance [9]. Informed con-
sent implies that the person must develop an intellectual and
volitional connection to understand, through the informa-
tion received, the consequences of their expressed will and,
through the volitional moment, declare their will for its re-
alization. Informed consent requires that the person giving
consent have the ability to understand the consequences of
the will they express, and that the expressed will be made
precisely with the intention of bringing about these conse-
quences. This criterion requires that the person expressing
their will must have full capacity to act [10].

Informed consent is considered a fundamental principle
in many disciplines. In medical ethics, the application of
this principle ensures that patients have the right to make
an autonomous decision about their healthcare after being
fully informed about the medical procedure, its benefits,
risks, and other alternative procedures [11].

The principle of informed consent in medical proce-
dures is provided in several international legal and ethical
documents.

The Oviedo Convention on Human Rights and Biome-
dicine (1997) is known as the Oviedo Convention. This was
the first internationally binding document that formalized
the rule that medical intervention cannot be carried out on a
person without their prior consent.

The Universal Declaration of Bioethics and Human
Rights (2005) stipulates that medical interventions must
only be carried out with the prior, free, and informed con-
sent of the person concerned.

The International Covenant on Civil and Political Rights
(1966) of the UN reinforces the principle of informed con-
sent in cases of medical interventions [12].

The Nuremberg Code, the earliest formalized ethical
guideline, also emphasizes the need for informed consent.
The Belmont Report and the Declaration of Helsinki both
emphasize the principle of informed consent as a prerequi-
site for medical intervention [13—15].

All of the aforementioned international documents pro-
claim the autonomy of the individual in all medical health
procedures. A principle, which has been further elaborated
by the European Court of Human Rights (ECtHR) in the
light of the right to respect private life and the right to per-
sonal integrity.

As an expression of the right to autonomy, informed
consent should be expressed by people who are considered
by law to be legally capable of giving a valid consent. But for
various reasons, a person may be incapable of acting (con-
sent) or, due to circumstances, may be unable to express
their will. In such cases, it is crucial to establish adequate le-
gal mechanisms to ensure that their protection is considered
when medical intervention is deemed a viable treatment op-
tion [16]. The article aims to review the legal mechanisms

provided by law in cases where medical procedures need to
be applied to individuals who, due to their age, are consi-
dered incompetent to act.

Research methodology

This study offers a critical narrative review of the legal
principles concerning children’s rights in medical decision-
making, within the context of the European Convention
on Human Rights (ECHR) and the jurisdiction of ECtHR.
It integrates doctrinal analysis with a targeted review of
secondary sources in law, bioethics, and medical ethics.
Searches were conducted across various online databases,
including HeinOnline, Scopus, Web of Science, PubMed,
and the HUDOC database, to access key ECtHR judgments
such as Glass v. United Kingdom, Gard v. United Kingdom,
Afiri and Biddarri v. France, Lambert v. France, and Pindo
Mulla v. Spain.

The inclusion criteria were peer-reviewed scholarship
published between 2000 and 2024, ECtHR jurisprudence,
and relevant international instruments such as the UN Con-
vention on the Rights of the Child and the European Con-
vention on Human Rights. The findings were thematically
synthesized, highlighting structural tensions among parental
authority, medical expertise, and the child’s best interests,
and critically assessed against normative human rights stan-
dards.

Medical decision-making of minors

For informed consent to be valid, it must be based on
an intentionally expressed free will, a capacity reserved for
individuals who are considered legally competent to act.
The legal capacity to act refers to the ability to hold rights
and to act as a legal entity under the law. The legal capa-
city is entitled as “a person to full protection of his or her
rights by the legal system” and “as an agent with the power
to engage in transactions and in general to create, modify or
end legal relationships” [9]. Individuals with legal capacity
are also deemed competent to consent to their own medi-
cal treatment. Because of severe mental issues or because
of their minor age, some people are considered by law as
incompetent to act. A person may be incapable of consent
not only due to legal incompetence but also in other cir-
cumstances when they are unable to express their will. Legal
incompetence refers to individuals who, due to their age, are
considered legally incapable of acting, or because of severe
mental health issues, are judicially regarded as incapable of
acting.

Due to their age, minors are considered by law to be
incompetent to act on their own behalf. Thus, they can-
not freely and autonomously perform their rights and ob-
ligations. A minor is an individual who is under the age of
majority, which is defined by national laws. In many coun-
tries, the general age of majority is eighteen years; however,
different countries recognize that children of an early age
can take autonomous actions in various legal areas [17]. The
definition of the child is given by the Convention on the
Rights of the Child (hereinafter “the CRC Convention”).
According to its definition, “a child means every human be-
ing below the age of eighteen years unless under the law ap-
plicable to the child, majority is attained earlier” [18]. The
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CRC Convention is considered the “bible” in the context of
the promotion of the rights of the child, including the right
to health and development. Children have the right to the
enjoyment of the highest attainable standard of health and
to facilities for the treatment of illness and rehabilitation of
health. State parties have the obligation to strive to ensure
that no child is deprived of the right to access to health care
services and to achieve the full realization of the right to en-
joy the highest attainable standard of health [19]. Member
states should guarantee access of children to health care
services by respecting the general principles on the right of
the child to be heard and the best interest of the child (Ar-
ticles 2 and 3 of the CRC). Despite the protection and proc-
lamation that the convention grants to the right to health
for children, it generally defines that all actors, dealing with
children, are obliged to ensure the best interest of the child
in every decision-making process, but it does not go into de-
tail on how this right should be implemented, leaving this
determination to the domestic legislation of member states.

The Oviedo Convention, through its provisions on the
protection of human rights and human dignity when apply-
ing medical techniques, provides a more detailed framework
for exercising the right to health for children in the context
of medical practices. Once a person is deemed incapable of
giving consent, specific conditions must be established to
ensure their protection if medical intervention is considered
as a treatment option.

These conditions are outlined in Article 6 of the Oviedo
Convention, which stipulates that medical intervention on
minors should only occur for their direct benefit and only
with the authorization of a legal representative, an autho-
rity, or another designated person. The same criteria are also
provided by Article 7 of the Universal Declaration of Bio-
ethics and Human Rights. Therefore, under certain circum-
stances, the opinion of a minor, when it is taken in propor-
tion with their age and the degree of their maturity, may be
seen as a necessary and sufficient condition for carrying out
a medical intervention [20]. It is for member states to pro-
vide the entitlement of people formally not yet reaching the
age of majority to consent substantively to provide medical
intervention. The Convention provides that in cases of an
emergency situation, when obtaining the appropriate con-
sent is not possible, any medically necessary intervention
may be carried out immediately for the benefit of the indi-
vidual concerned. In such circumstances the health service
provider is entitled to act without waiting for the authoriza-
tion of the legal representative if the following requirements
are met; the intervention is restricted to emergencies, which
prevent the practitioner from obtaining the appropriate con-
sent; the intervention must be carried out for the immediate
benefit of the individual concerned; the doctor must make
every reasonable effort to determine what the patient would
want getting to know it from either a patient himself or from
the representative of patient [21, 22].

The Council of Europe has also played a significant role
in defining, promoting, and protecting the right to health of
children. In 2011, the Committee of Ministers adopted the
Guidelines on Child-Friendly Health Care. These guidelines
prioritize children’s needs and voices in healthcare, empha-
sizing an integrated and multidisciplinary approach called

“Continuum of care” to ensure adequate, child-centered
healthcare. The guidelines establish the principle of partici-
pation in accordance with state law. If, by state law, the child
is capable of consenting to an intervention, the intervention
may only be carried out after obtaining their informed con-
sent. When, according to national law, a child is unable to
consent, their opinion should be taken into consideration in
proportion to their age and degree of maturity [23].

All actors, entrusted by law to give consent for the in-
volvement of a minor in medical procedures, must act in ac-
cordance with the best interests of the child. This principle
is one of the most widely recognized international princi-
ples, emphasizing its importance, as stated in Article 3 of
the CRC Convention, “the best interest of the child should
be of a primary consideration in all actions concerning
children, including health care”. The General Comment
No. 12 (2009) and No. 15 (2013) of the UN Committee on
the Rights of the Child emphasize that in the implemen-
tation of Article 24 of the CRC Convention, medical deci-
sions should prioritize the best interest in any health-related
decisions [24, 25]. The principle is also sanctioned in the
Oviedo Convention — according to Article 6, “medical
interventions on minors should only be performed in the
child’s best interest with appropriate legal authorization”.
The principle of the “best interest” provided in internatio-
nal conventions has to be directly applied to the child firstly
by the parents and in their action by other institutions or
other authorities. But in daily practice, the situation is not
always very clear. Healthcare providers in their daily work
are often confronted with situations involving conflicts with
parents or representatives of children. For various reasons,
the standard of the best interest of the child is challenging
to implement and fully comprehend. There are several situ-
ations where significant differences arise between medical
and parental decisions. In some cases, it becomes a conflict
that is difficult to overcome. These situations require clear
legal intervention by the state, as neither the health provi-
ders nor the parents should be considered fully empowered
to make medical decisions on behalf of the child or to act on
their behalf. According to D. Garcia, “...the modern world
has had to divide the old welfare construct into two prin-
ciples known as beneficence and non-maleficence” [26].
The intervention of the state is entirely justified when the ac-
tions and decisions of parents cause harm or are maleficent
for their children. This is the point at which the state must
intervene promptly and without delay. This is the reason why
every state should have a well-established legal framework
and effective mechanisms for intervention.

Discussion on the ECtHR case law
on the child’s right to health

Beyond the level of domestic law, the ECHR and the
Oviedo Convention give additional guarantees that a mi-
nor should take part in the informed consent procedure in
proportion to age and degree of maturity. The ECtHR has
developed a significant jurisprudence on decision-making
involving children. Several principles, including parental
consent, the best interest of the child, state intervention, the
child’s right to be heard, and judicial resolution of disputes,
emerge from the jurisprudence of the ECtHR, which carry
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significant weight for healthcare providers in their responsi-
bility to apply these principles correctly. Even though health
institutions have often claimed to have fully acted in the best
interest of the child, the ECtHR has found a violation of
the child’s right to consent or that of their legal representa-
tive, or a failure to refer the matter to an independent body
that should resolve the conflict of interest in the child’s best
interest [27, 28]. In the case Glass v. the United Kingdom
[29], the Court found a violation of Article 8 (right to re-
spect for private and family life) because doctors adminis-
tered diamorphine and issued a “Do not resuscitate” order
to a child without the mother’s consent and without seeking
judicial authorization, despite her objections. The Court
emphasized that disputes of this nature must be referred to
an independent authority to resolve, especially when there is
no immediate urgency [30].

Yet, in certain circumstances, the responsibility of de-
cision-making for a child may become an onerous burden,
shaped both by emotional strain and the complexity of me-
dical judgment. For this reason, parental rights in such con-
texts cannot be regarded as absolute but must yield where
necessary to the child’s welfare and the principle of the best
interests of the child [31]. The European Court of Human
Rights has consistently affirmed that the best interests of the
child constitute a primary consideration in healthcare-rela-
ted decisions, even where these may conflict with the interests
or expressed wishes of the parents. In Vaviicka and Others v.
the Czech Republic (2021), the Grand Chamber upheld a
compulsory childhood vaccination scheme, emphasizing
that public health measures designed to protect children as
a group reflect and reinforce the child’s best interests [32].
Similarly, in end-of-life contexts such as Gard and Others v.
the United Kingdom (2017) and Afiri and Biddarri v. France
(2018), the Court accepted domestic courts’ reliance on the
best-interests standard to authorize the withdrawal of life-
sustaining treatment against parental objections [33, 34].

Achieving an appropriate equilibrium between autono-
my (the child’s right to express views freely and to have them
duly considered) and protection (the correlative duty of pa-
rents and other adults to safeguard and provide for the child)
remains a persistent challenge. This tension is heightened by
the fact that children’s rights are embedded within a broader
normative framework of parental duties and responsibilities,
which are themselves directed toward ensuring the child’s
best interests as the paramount consideration. All this leads
to uncertainty about how the increased recognition of chil-
dren’s decision-making capacity in matters concerning
their health and general well-being should be addressed in
practice by healthcare practitioners. For this purpose, the
Council of Europe has endorsed the Guide to Children’s
Participation in Decisions about Their Health (2024), a
practical resource designed for healthcare providers. The
guide provides concrete guidance on reconciling conflicts
of principles, such as balancing children’s autonomy with
their protection, by outlining steps for involving children
meaningfully in health-related decision-making [35]. Ac-
cording to the Guide, a child’s right to informed consent
to treatment can be based on age criteria and on the child’s
competency (Gillick competence), which depends on the
child’s maturity, understanding, and the nature of the con-

sent required [36]. The Court in P. and S. v. Poland (2012)
involving a 14-year-old girl seeking an abortion after rape
stressed the importance of her personal decision and her
individual autonomy in the medical context. Minors, ex-
ceptionally, when capable of reasoning their wishes, must be
treated with due regard for their human dignity and personal
choices. Thus, it found a violation of Articles 3, 5, and 8 of
the ECHR of the authorities who subjected the teen to con-
fusing information, pressure from anti-abortion activists,
and even detention in a juvenile center, rather than respec-
ting her choice and vulnerability [37].

Health providers should always act in compliance with
the best interests of the child and within their national le-
gal framework. Specifically, in the healthcare context, a
child’s best interest must be paramount. In line with the UN
Convention on the Rights of the Child, the Court has af-
firmed the paramountcy of this principle [38]. In Vavricka
and Others v. Czech Republic (2021), the Grand Chamber
reiterated that States are obliged to place the best interests
of children, individually and as a group, at the center of all
decisions affecting their health and development.

One of the most significant and widely discussed hu-
man rights and ethical cases in recent years is that of Charlie
Gard in which the Court argued the fine line between the
parents’ rights to consent and the best interests of the child.
In most medical decisions related to children, courts are not
involved. Juridical intervention is requested when there is
no one to decide for a child (e.g., if the child is orphaned
or if parents are unable or unwilling to make a decision) or
when there is disagreement about the decision. In rare in-
stances, health professionals and families cannot agree on
what would be best for a seriously ill child. As in many other
areas of life, when there is an intractable disagreement be-
tween different parties about something important, there is
a need for an impartial arbiter; the court is asked to make
a decision. The court is then asked to determine what is in
the best interest of the child [39]. Regardless of the parental
opposition, the Court has decided that it is not in Charlie’s
Gard best interest to receive further treatment and that he
should be permitted to “die with dignity”. Although the de-
cision recognized the principle of “right to die with dignity”
as a safeguard against prolonging suffering through medi-
cally futile treatment, a moral and ethical discussion arises
in cases of terminally ill adults who may seek to exercise that
same right through an autonomous choice to end their life
with dignity, but under the European Convention on Hu-
man Rights, such requests remain legally impermissible.

ECtHR jurisprudence confirms that the child’s best
interests are a primary consideration in medical decisions.
Actions taken by doctors or the state with a genuinely child-
centered motive will pursue a “legitimate aim” under the
Convention. However, they must still be necessary and pro-
portionate in how they override parental rights.

“The state has a responsibility to prevent parents from
placing their children at a significant risk, or serious harm, if
those risks can be avoided at a reasonable cost”. It is the role
of the state to safeguard the welfare of children when parents’
decisions expose them to considerable dangers that pose a sub-
stantial threat to the child’s well-being. This includes health
risks that can result in severe illness, long-term disability, or
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death [40]. Under Article 2 (the right to life) and Article 3
(prohibition of inhuman treatment) of the ECHR, the State
has a positive obligation to intervene when parental decisions,
or lack of care, put the child’s life or health at risk [41].

Conclusions

The European Court of Human Rights demonstrates an
increasingly nuanced approach to balancing parental au-
thority, medical judgment, and the rights of children and pa-
tients under the Convention. Central to this jurisprudence
is the doctrine that the child’s best interests should always
come first in all medical decisions. This core principle is
consistently highlighted in cases involving conflicts between
parents and healthcare providers, laws permitting the with-
drawal of life-sustaining treatments, or patients asserting
their autonomy to make medical choices. The Court’s rea-
soning in Glass v. United Kingdom established the baseline:
any medical intervention performed on a child without pa-
rental consent and without judicial approval may violate Ar-
ticle 8 of the ECHR. Subsequent case law has clarified this
position by showing that parental rights, although generally
aimed at the child’s best interests, are not absolute. When
disputes arise, especially in cases involving complex medical
disagreements, the courts serve as neutral arbiters respon-
sible for determining what is in the child’s best interests.
This was clearly demonstrated in Gard and Others v. United
Kingdom where both domestic courts and the ECtHR ap-
proved the withdrawal of life support for a terminally ill in-
fant, despite parental objections.

The principles extend to adolescents and incapacitated
patients, as affirmed in Afiri and Biddarri v. France and
Lambert and Others v. France. These cases highlight the
need for a clear legal framework, transparent medical pro-
cedures, and effective judicial remedies. The ECtHR typi-
cally defers to national authorities, citing the margin of ap-
preciation, but also insists that decisions genuinely reflect
patients’ wishes and protect their dignity. By contrast, the
Court’s jurisprudence on competent adults reveals a norma-
tive asymmetry. The Grand Chamber’s judgment in Pindo
Mulla v. Spain demonstrates a renewed emphasis on au-
tonomy under Article 8, read in light of Article 9, where the
disregard of a Jehovah’s Witness’s advance refusal of blood
transfusion constituted a violation. This case affirms that for
competent adults, autonomy in medical decision-making,
even when it entails the refusal of life-sustaining treatment,
is an indispensable dimension of Convention rights.

These aspects of jurisprudence show both progress and
ongoing issues. The ECtHR has strengthened procedural
protections for vulnerable children and incapacitated pa-
tients, while increasingly emphasizing adult autonomy as
vital to human dignity.

However, a structural tension persists in cases of minors’
medical decision-making, as healthcare professionals are
frequently required to reconcile competing considerations:
the expressed preferences of parents (and, where appropri-
ate, of the child), the objective assessment of the child’s
best interests, and the professional and ethical obligations
grounded in medical deontology and the Hippocratic oath.
These dimensions do not operate in isolation but intersect
in ways that are often complex and, at times, irreconcilable.

The challenge becomes particularly acute in emergency
situations, where limited time for reflection necessitates
reliance on the physician’s professional judgment and ethi-
cal discernment. In such circumstances, the health provider
must determine, under significant pressure, the course of
action that most effectively safeguards the child’s dignity,
welfare, and right to appropriate care.
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Mpaea Aiten y NPUAHATTI Me AUMHUX PillieHb: OrASA NPUHUUNIB EBPONENCHKOro CYAY 3 NPOB AFDAUHU

PesioMe. ABroHOoMis B MpUIHATTI MEAMYHUX DillleHb Mepel-
0ayae 30aTHICT O0COOM CaMOCTIfHO BMpIlLlyBaTH, sIKa MeIUYHA
npoueaypa € NPUIHSATHOIO, a00 BiAMOBUTUCS Bil JIiKyBaHHS.
barbku BBaXKaroTbCss OCHOBHUMU OCOOAMM, SIKi MPUAMAIOTh Pi-
LIEHHS 100 310pOB’sl cBOiX AiTeil. OnHaK Koiu Jii 6aTbKiB He
BiZIMOBIAIOTh HAWKpalIMM iHTepecaM AUTUHU, CyMepedyku Mix
HUMU I MEIUYHUMM TIpAIliBHUKAMU IIOAO JIiKyBaHHS JAUTUHU
3a3BUYail MOTPeOYIOTh BUPIIIEHHS CYIOM. Y LIbOMY ITpOIIeCci He-
TMOBHOJIITHIN Ma€ po3rfsiaaTUCs K aKTMBHUI YYaCHUK BJIACHO-
ro JiikyBaHHs. ToMy 31aTHICTh JUTUHU MPUIMATH PIilIEHHS CTa€
BaXJIMBOIO, i 3aJIEXHO BiJl BiKy BOHAa MOXeE TOTOIXYBaTUCS Ha
JIIKyBaHHSI 200 BiZMOBIISITUCS Bill HbOTO, HABiTh SIKIIO 1Ie CyIIe-
PEUUThH pillleHHIO 0ATHKiB UM TOMY, 1110 BBAXKAETbCS IS AUTUHU

HaiikpamuM. HagaHHs MeAMYHOI 3roiu 3abe3nevye 3aXUcT Mpas i
HalKpallyx iHTepeciB HEMOBHOJIITHIX. [lepkaBa MOBMHHA rapaH-
TyBaTU AOTPUMAHHS HallKpalux iHTepeCiB TUTUHU, HaBiTh KOJIU
0aThKM, SIKi MalOTh Ha 1€ TIPABO, MOXYTh MTOCTABUTH TIill 3arpo-
3y ii 61aromnosyyusi. Ha ocHOBI aHaizy HaliBaXJIMBIILIMX PillleHb
€BpOneincLKOro cyay 3 Mpas JIOAWHM 1Sl CTATTS Ma€ Ha METi 10-
CHAUTU POJIb PI3HUX CYO’€KTIB y MpoLieci MPURHSITTS MEAUYHUX
PpillIeHb 100 HETTOBHOJIITHIX Ta pO3B’sI3aHHSI CITOPIB, SIKi MOXYTb
BUHUKHYTH Yepe3 PO30iKHOCTI B MO3UILIisIX 0aTbKiB Ta MEAUYHUX
MpaliBHUKIB.

Ki1104oBi €JI0BA: HemoBHOMITHI; MeAMYHA 3r0fa; aBTOHOMIs;
HalKpallli iHTepecyu IUTUHU; OTJIsII pillieHb €BPOIIeICHKOT0 CyIy
3 MpaB JIIOJUHU
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CHicapb B.1.", Kpasevp O.B.”, BAacos O.0.2 lNaoweHko KO.O.", €Eropos C.B.2
" AHIMPOBCHKI AEDIKABH MEAMNYHWV YHIBEpCUTET, M. AHINPO, YkpaiHa
’KHT «PerioHQAbHUA MEAMYHV LIEHTP POAMHHOIO 3A0P0B v AOP, M. AHINpo, YkpaiHa

POAb OHeCTe3I0A0ra B OpPraHi3auii Ta HOAQHHI
cneuiaAi3oBAHOT MAAIOTUMBHOT AOMOMOTIU AITAM

Pesiome. Axmyaavnicmo. Y yiii cmammi mu poseaamyau poas Ouma4020 anecmesionoea é opearnizayii ma nadanmi
naniamuseHoi donomoau Oimam ma iXim cim’sasm y medxcax 1oeo npogheciiinoi komnemenuii. Y baeamvox eunaokax 3eu-
uaiiHa natiamuéHa 0onomoa mMicmums mMemoou iHmeHCcUeHoi mepanii Hagimv mooi, Koau oumuHa nepedysae edoma.
1le suxodums 3a pamku KomnemenmHocmi AiKaps nepeuHHoOl MeouKo-canimapuoi donomoeu, i mooi 041 onmumiza-
yii KomnaekcHoeo niodxody HeobXiOHa KOHCYAbMAmMueHa, a modice, i 6e3nocepedrs donomoeaa AiKkaps-aHecmesionoed.
Mamepiaau ma memoou. Hawii cnocmepesicenHs IpyHmMYyOmMbCs Ha AHAAI3E 0peanizayii nasiamueHoi donomoau 0imsm
v KHT «Pecionanvuuii meduunuil yeHmp poouHHo20 300p08°s», Opueadu K020 KOHCYAbMYIOMb MeOUUHUX NPAUIBHUKIE,
SAKI Ha0aiomb AIKApCoKi nocayeu natiamueHum 0imsam ma ixuim bamokam. Bioeidysanus mobinvbHoi 6pueadu nariamue-
HoOI donomoeu € dyice eaxciusum. Pesyavmamu. 3a pix 6id6yrocs 716 euizdis, 3 skux y 21 % eunadkie bepe yuacms
aHnecmesionoe. Lle nompiono modi, koau HeobxioHa opeaHizauis 000amMK0O8UX CKAAOHUX MeXHOA02Ii 00250y abo piuieH-
HS npo HeobOXiOHicmb eocnimanizayii dumunu do cmauionapy abo giddinenus inmencusHoi mepanii. Cneyianizosany
nasiamusHy donomoey edoma 6yao Hadano 24 dimsam. Buizd anecmesionoea 30e6invuiozo 6ye naanosum, are y 35 %
8uNaoKie GUKAUK Opueadu 0ys uepe3 po36umok Kpu3osux nodii uu Had3euuatiHux cumyauii i3 oumuror. O0unadysmeo
dimeil 6yn0 HanpaéneHo 00 cmayionapy y 6i00ineHHs iHmMeHCcUeHoI mepanii 045 3a0e3neueHHs eKCmpeHoi 00noMo2u.
Jlo mpvox dimeii, sKum 6doma npPoBOOUMbCS WMYHHA GeHMUAAYIS Ne2eHb, AIKap-aHecme3ion0e 8UincolNcae niaHo8o
woHatimenuie 2 pasu Ha muxcoenv, a 3a Heobxionocmi i vacmiwe. Bucnoexu. Cnienpaus aikapie nepeunnoi aanku ma
aHecmesionoeie, w0 cheyiarizyromoecs Ha nNAAiamMueHiti 00NOMo3i, Mae @eauHe3nHull nomenyiar 04s 83AEMHOI 8U200U.
Yuacmo anecmesionoea 6 naniamugniit donomosi dimsam 3abezneuye inmeepamusHy, uinicry gopmy 00eas0y 3a MeOu4Ho

CKAQOHUMU OIMbMU Ma IXHIMU CIM aMU.

KimouoBi cioBa: oimu; nasiamusna donomoea; inmencuena mepanis

Bctyn

IManiatusHa nonomora (I1[1) xitsim siBisie co6010 HEBe-
JIUKY Ta By3bKOCHelliadi30BaHy rajly3b OXOPOHU 3I0POB’s,
sIKa BiIPI3HSIETHCS Bill MAiaTUBHOI TOMOMOIHY TOPOCIIUM,
Xoua i TICHO 3 Helo ToB’s13aHa. B imeani minmrpumka miteid,
SIKi MMOTPeOyIOTh IajJiaTMBHOI JOIOMOTHM, IOYMHAETHCS 3
MOMEHTY BCTaHOBJICHHSI [iarHO3y, a IJIs1 0araTbox MiTei
3 3aXBOPIOBAHHSIMU, SIKi OOMEXYIOTh TPUBAJICTh XKUTTS,
Taka noTpeda MoxKe BUHUMKHYTHU BXe IMPU HapOomKeHHi [1].

OcTraHHi TOOUHU, AHI i TUXKHI XKUTTS AUTUHU a0o TTif-
JIITKA 3 TSOKKUM 3aXBOPIOBAHHSIM € CTPECOM JUISl CiMeid,
neaiaTpiB Ta iHIIMX OCi0, SIKi 3MiACHIOIOTH AOIJISI 3a AU-

TUHOIO. Y 1Iiil CTaTTi MM XOYEMO PO3IJISTHYTH POJIb JUTSI-
YOro aHecTe3iojiora B OpraHiszallil Ta HalaHHi ITajliaTUBHOI
JIOTIOMOTH JiTSIM, @ TaKOX OCHOBHi €J€MEHTU IOTTIOMOTH
IIMM TAIiEHTaM Ta iX CiM’SIM y MexXax 1oro ImpodeciitHol
KOMIIETEHIIil.

B Ykpaini ueit po3nin MeguiuHu Bu3HadyeHo Hakazom
MinicrepctBa oxopoHu 310poB’st Bix 04.06.2020 p. Ne 1308
«I1po ymockoHajieHHsI opraHizallii HagaHHs MajiaTUBHOI
JIOITOMOTI'M B YKpaiHi» [2] 3i 3miHamu (Haka3 MiHictepcTBa
oxopoHu 310poB’s Bix 04.10.2024 p. Ne 1853 «I1po 3aTBep-
JOKeHHST 3MiH 1o [lopsiaky HagaHHS MajliaTUBHOI AOMO-
Moru» [3]. Haka3u Bu3HA4YaloTh HEOOXiTHICTh OpraHi3alii
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MYJABTUAMCLUILIIHAPHOT KOMaHAU, 10 $IKOi 00OB’SI3KOBO
MOBUHHI BXOAUTU MEINYHI CITeLialiCTH, a TAKOX COLliaJIbHi
MpaLiBHUKU, TICUXOJIOTU, BOJIOHTEPU, IOPUCTH, CBAIICH-
HUKMU Ta iH1I (axiBui 3a motpedu. BoHu 3airyyaroTbes 1ist
HaJaHHS creliaji3oBaHol MajiaTUBHOI JOMTOMOTHY Talli€eH-
Ty Ta WieHaM HMoro ciM’i, iHIIMM ocobaMm, 1110 3aiiMaloThCst
JOTJISIIOM 3a TUTUHOIO. 3TiHO 3 peKoMmeHaauissMu Mix-
HapoaHoi Mepexxi nayiatuBHoi gortomoru IiTsMm (ICPCN)
OJIHA i3 TOJIOBHUX IIiJieli KOMaHIU — TIEPEeKOHATUCS, 11O
BCi BpaXOBYIOTb CUTYAILIil0 CiM’11 Te, SIK ITOJIETIINTH 11 3KUT-
Ts. JlormoMora Moe OXOIUTIOBATU TOJIETIIEHHS CHMIITOMIB
y IUTUHU, KOMYHIKaIlilo Ta MiATPUMKY cimM’1 [4].

3a nanumu C. Feudtner et al., y Cnonyuenux IllTaTax
Amepuku npu6au3Ho 20 % OIUTSYUX cMepTeii BinOyBaeTh-
¢Sy BiliIeHHsIX HeBinKaaaHoi nornomoru [1]. B YkpaiHi,
Ha XaJb, BIICYTHI MOMIOHI IaHi, 110 TSATHE 32 COO0I0 HEOO-
XiIHICTh BUBUYEHHS 3a3HauyeHO1 npoobjemu. Lle myxe Bax-
JIUBO TSI TIOAQJIBIIIOTO TJIAaHYBaHHS MaliaTUBHOI J10TIOMO-
v AiTsM B YKpaiHi, 0cOOJIMBO y BilliJIeHHSIX iIHTEHCUBHOT
Tepartii, 1110 oTpedye okpemMoro posrisiay [S]. Bpaxosyto-
YU 3pOCTaHHS KiJIbKOCTI IUTSUYMX CMEpPTEN y cTallioHapax
cepe/l MALEHTIB 3 YCKJIaIHEHUMU 3aXBOPIOBaHHSIMU [6, 7],
BCe OiIbllIe TAKMX CiMel oOupae JOMallIHiil OIS 3a A1~
TUHOIO 3 TSLKKMMM 3aXBOPIOBaHHSIMU |[§].

TakyuMm yMHOM, YJIeHU KOMaHIu MaJliaTUBHOI JOITOMOTH
CHIiJIBHO MPUIUISIOTH Yac, 11100 Kpallle Mi3HaTh AUTUHY Ta
ii cim’10. OCKiIbKY TTOTPeOM KOXHOI IUTUHU Ta 1i ciM’i €
YHIKaJTbHUMU, 3aJTy4eHHS Pi3HUX (haxiBIliB KOMaHIU MOXe
OyTH MOTPiIOHUM y pi3HUIA Yac.

Hesiki quTsdi cMepTi BimOyBalOThCS TIPOTSITOM JICKiJIb-
KOX XBWIWH a00 JHIB MiCJIsl CIIPUYMHSIOYMX MTOAiH (Harpu-
KJ1aJ, HEeHaBMHCHA TpaBMa, BKpail TiepemyacHi IOJIoTH,
KatacTpodiuHe 3aXBOproBaHH:). [HIII BimOyBaOTHCS IIPO-
TSTOM KiJIbKOX IHIB 200 pOKiB ITiCJISI TOYaTKOBOTO AiarHO3y
a00 TpaBMU, OCOOJMBO KOJIM iHTEHCUBHI METOAM JiKyBaH-
HSI TIPOIOBXYIOTh XXMTTS (Bill HOBMX JIiKiB OO ITOMAIIIHbOI
IITYYHOI BEHTWJIALII JereHb). lle 3MiHIOE TpaekTopilo
nepediry OCHOBHOTO 3aXBOPIOBAHHSI Ta CIIPUSIE 3arajibHii
MEIWYHIi CKJIaIHOCTI LIbOTO MUTAHHS.

BazximBe mapTHEpCTBO MiX MalLliEHTaAaMM Ta CiM’SIMU
3 JiIKapsIMU 3arajibHO1 MPakKTUKU — CiMEMHO1 MeAULMHU
MoOe OyTH JOMOBHEHE ILIISIXOM 3aJlydyeHHs CIellialicTiB
pizHoro mpodimto. L. Keele et al. 3a3HauaroTh, 1110 Crie-
1iayizoBaHa TeiaTpuyHa MajiaTUBHA JOTIOMOra Mae€ 3a-
JlydaTucsl JUIsl HaJaHHS KOHCYJIbTAllii 11010 TTOAaJIbIIOTO
KJIIHIYHOTO JIiKyBaHHSI, yXBaJleHHSI CKJIAMHUX DillleHb, a
TaKOX JUISI 3aJ0BOJIEHHS COILiaJIbHUX i AYXOBHMX ITOTPEO,
SIKi BUXOISITh 32 MEXi MOXJIMBOCTEU Opuraau mepBUHHOI
MeIMKO-CaHiTapHOi fonomoru [9].

Takum umHOM, 0a30Ba MajiaTMBHA AOIIOMOra JiTSIM Ta
MiUTITKaM Haa€ThCs Y AUTSIYMX BiITIIEHHSIX JiKapsIMU Ta
BIOMa JiikapsiMu 3arajbHoi mnpaktuku. CreiianxizoBaHa
najgiaTUBHA JOMOMOTa HAMA€ThCS CIeliali3oBaHUMU 0a-
raTonpo@iIbHUMU IUTIYMMU NaJTiaTUBHUMU KOMaHIaMU
a0o0 y xocricax, a0 IUISIXOM 3aJlydeHHsT BUi3HUX Opuran 3
JikapeHsb [10].

VY GaraTbox BuIagkax 3BMYaiiHa TajgiaTUBHA ITOMOMO-
ra (momisim) Moxe MiCTUTU i METOOU iHTEHCUBHOI Teparril
HaBiTh y TUX BUIAAKaX, KOJIU AUTHMHA TepedyBae BioMa.
Lle BuxoauTh 3a paMKM KOMIIETEHTHOCTI JIiKapsl 3araJibHoi

MPaKTUKU — CiMEHOI MeIMLMHM, i TOMi IJIs ONTUMI3allii
KOMIIJIEKCHOTO TMiAXOMy 1O IOMOMOTIM TWTHUHI HEOOXimHa
KOHCYJIBTATMBHA, a MOXJIMBO, i Ge3mocepeHsl TormoMora
Jlikapsi-aHectesiosniora. CKIagHO cKa3aTu, KOJU aHecTe3i-
oJjiora Oyae 3aJy4eHo 10 Opuraau najiaTUBHOI JOIMOMOTH,
OCKIJIBKM 11€ 3aJIEXKUTh BiJl BUIY 3aXBOPIOBAaHHSI, 1OTO MPO-
rpecyBaHHS, BiKy IUTUHU, a TAKOX CIMEITHUX YMOB.

Sk yacTMHa CTaHAApPTHOI NOTIOMOTM TIOBUHEH OyTH
BIPOBAIKEHU T TAKOX CUCTEMAaTUYHUI CKPUHIHT CUMIITO-
MiB i mOTpe0, OCKIJIbKM HEeIIIOAaBHE JOCTiIXKeHHS ITOKa3yeE,
IO JiTH 3 diarHO3aMM, SIKi OOMEXYIOTh TPUBaJiCTh XKUT-
TSI, MalOTh BEJIMKY KiJIbKiCTb Pi3HUX CHUMIITOMIB i 3HauyHi
MpoOJeMU HANPUKIHII XUTTA [22]. AHAJIOTIYHUM YMHOM
iHIIe TOCTiIKEeHHs MoKa3ye, 10 IiTH, OCHOBHMIA AiarHO3
SKUX OyB TICHO MOB’SI3aHUIA 3 IHTEHCUBHUM JIiIKYBaHHSIM,
OTpUMAaJIM TaKe JIiKyBaHHS MPOTSTOM OCTAHHBOT'O MiCSIIs
KUTTA. JliTi, sIKi TOMEepJIM Bil COJIHUX TyXJIWH, OTPU-
MyBaJIM JIiIKYBaHHSI 3HaYHO HMXXYOI IHTEHCHMBHOCTI, HiX
IITH i3 3aXBOPIOBAaHHSMHU, BiIMIHHMMM BilIl paKky Ta OHKO-
reMaToJIOTIYHUX 3aXBOPIOBaHb. JlOCTIAHUKY TOXOAATH BU-
CHOBKY, III0 BiIMIiHHOCTI B JIiIKyBaHHI IiTe€i 3 COJTiTHUMU
MyXJIMHAMU Ta OHKOreMaTOJOTIYHUMU 3aXBOPIOBAHHSIMU
3yYMOBJIEHI BiIMiHHOCTSIMM B €TiOJIOTi] 3aXBOPIOBAHHSI i 1110
11e MoxXe OyTu CIpaBeMIMBUM MJISI iHIIMX HE3JIOSKiICHUX
3axBOpIoBaHb [11].

VY cBoemy ornsini Sara Rhodes Short, Rachel Thien-
prayoon noka3ajii BCi IPUYMHU MajliaTUBY y IiTel BiJ Ha-
pomxeHHs 10 19 pokiB, sKi 3akiHuyBaiaucst cMmeptio. Lle
BaJiyl PO3BUTKY, TSKKi TPaBMU Pi3HOTO TeHe3Y, XPOHIUHi 3a-
XBOPIOBaHHS JIET€Hb Ta CEPLEBO-CYJAMHHOI CUCTEMHU TOLIO
[12]. ABTOpM MokKa3ayiu, 110 BCi AiTH repedyBaiu B XOCITi-
cax, a yaCTMHA JiTeil moMepa y BilUIiIeHHi peaHiMallii Ta
IHTEHCUBHOI Tepaltii.

3BUYAHUI [OIJIAN Y paMKax IIPaKTUKM CIelialic-
Ta 3arajbHOI MpakTUKU (CiIMEHHOro Jikapsi) He MOoTpedye
creuiaJbHUX 3HaHb Yy Tajly3i MeaiaTpUMYHOl IaliaTMBHOI
noriomMoru. OmHaK y BUIAAKax, KOJIM AUTHHA MOTpedye
IHTEHCUBHOI JOIIOMOTHM Ta CKJIaAHO MPUMHSTU PillIeHH:,
rnefiaTpu MOXYTh 3BEPHYTHUCS 3a JOMOMOTO0 10 (haxiBlLiB
3 iIHTEHCUBHOI Teparlii ab0 HaBiTh MTEPEBECTH 10 TUTUHY Y
Bi/UTiJICHHSI peaHiMallii Ta iHteHcuBHoiI Teparii (BPIT) [13].

Ha mymxy Siti Nur Hanim Buang et al. [14], maniatus-
Ha JIOTIOMOTa € HeBil’EMHUM KOMITOHEHTOM ONTUMAaJIbHOT
MPaKTUKW iHTEHCUBHOI TepalTii Il DiTel, SIKi 3iTKHYINCS
3 HeOe3MEeYHUMU ISl XKUTTS 3aXBoproBaHHsIMU. CTaH 1UX
MiTeil 4acTO MOTIpIIYETHCS, i SIKIIO y HUX € TPOOJIeMHU Ta
MoTpedHu, 110 BUXOIATH 3a PaMKU CYTO KJIiHiYHUX (haKTO-
piB, 1Ie CIIOHYKAa€ IeaiaTpiB A0 iHTerpallii HOBUX MiIXO/iB
3a MeXXaMU 3BUYaiiHO1 ITeiaTpUYHOI IMajliaTUBHOI JOTTIOMO-
I'M, 110 MOTPEeOYIOTh 3aCTOCYBAHHS AONATKOBUX €JI€MEHTIB
TOTJISIAY, SIKi MOKJIMBI TITBKM B MeAiaTpil.

Tak, Acoiarlist JOIOMOTHY IiTSM i3 3arpO3IUBUMU JJIST
KUTTSI 200 TEepMiHAJIBHUMM 3aXBOPIOBAHHSMHU Ta iXHIM
ciM’sIM BuJIiJIsIe 4 KarTeropii miTei, siKi MiaasaraTh najia-
TUBHOMY JTiKyBaHHIO (Tab6u. 1) [16].

MoxHa cka3zaT, IO JiTH IIepIIoi KaTeropii morpedy-
I0Th JIOTIOMOTM aHecTe3iojora JuIe Il TTPU3HAYeHHSs Ta
mindopy aHaAreTMYHMX IpenapaTiB. Lle Moxe OyTu 3miii-
CHEHO i y XipypriYyHOMy 4YM OHKOJIOTiYHOMY BiIIiJICHHi.
Hemae HeoOximHocti ix rocmitaiizyBatu go BPIT. 1o
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CTOCYEThC niTeil 2—4-i KkaTeropii, TO CIPOTHO3yBaTU M-
HaMiKy cTaHy OyBa€ CKJIaJHO: MOXe HAaCTaTHU MepPeIOMHUMA
MOMEHT, KOJIU JUJT 30€peKeHHS KUTTSI 3HAAOOUThCS IXHS
rocmitanizauist 1o BPIT. 3po3ymino, 1o Hemae BapiaHTiB
IXHBOTO JIIKyBaHHSI, ajie 3aJIeXXHO Bill KJIiHIYHOI CUTYyallii
MiaTpUMaHHSI poOOTH OpTaHi3My MOXKe TTPOJOBXUTH IXHE
KUTTsI. HeoOXimHO TakoxXX BpaxoByBaTW OaxkaHHSI Ta TMO-
TpeOu OaTbhKiB.

OnHi€eo 3 0COOMMBOCTEM MaTiaTUBHOI JOTIOMOTHU [Ii-
TSIM € Te, 110 MOPaJIbHO-ETUYHA CTOPOHA 1Ii€l JOMTOMOTH
3HAYHO BIiAPi3HSIETHCSA Bil TOPOCJIOI MajdiaTMBHOI HOIIO-
Moru. baTbku, SIKi cmocTepiraloTh 3a MOBILHOI CMEPTIO
CBOIX JiTei, 3aBXIU X0UyTh, 11100 JOIIOMOTA IXHill TUTUHI
MpOBOAMJIACS Y BCiX BUMAAKaX i 3a OyIb-sKOI TSKKOCTI 1X
craHy. BoHu iHOI BinuyBalOTh MEBHE HEBIOBOJEHHS, Y-
MaloyM Mpo Te, 110 iHTeHCUBHA J0TIOMOra Oyja HaJaHa He
B ITOBHOMY 00C$13i, 1110, MOXKJIMBO, MPOJOBXUIO O XKUTTS
ix quTuHi. 1151 3amobiraHHs MOgiOHNM CyMHiBaM Ta 3MeH-
ILIEHHSI TICUXOJIOTiYHOT HATIPYTW BaXkJIMBO MPOBOJUTH BiJl-
MOBigHI Oecimy 3 6aThbKaMM 3 ypaXyBaHHSM iX iHOIWBiTy-
aJIbHUX OCOOJIMBOCTEI. ¥ TaKOMy pa3i MOXXHA HaJaTH TaKi
peKoMeHaalIii:

— KOXEH BUIIAJ0K Ma€ PO3MISIIATUCS iHIMBiTyaabHO,
a aHaJli3 pU3UKiB Ma€e OyTU 30CepemKeHNIT Ha KOHKPETHIi
IUTUHI 3 ypaxyBaHHSIM YCiX BiIITOBiITHUX MEAUYHUX XapaK-
TEPUCTUK;

— o0csr i Tur iHdopmallii Ta TPUAHATTS pillieHb 1O~
BUHHI OyTU iHIMBIiIyaTi30BaHi BiAMOBIAHO 10 MOTPeO Cim’T;

— iH(popmallis mae OyTn 30a71aHCOBAHOI (HE MPOCTO
rnepepaxyBaHHSI pU3MKiB Ta TOTEHUIMHUX HECTIPUSATIMBUX
pe3ynbTaTiB). baThbKu X0uyTh OTpUMATH PO3YMHY Halilo.
barbky moBUHHI 3HATH, IO SIKIIO CTaH IXHBOI JUTUHU T10-
TipIIUTHCS, BOHA OTPUMAE MMOBHUM OOCAT iIHTEHCUBHOI J10-
MOMOTI'M He3aJIeXKHO Bil BUY ii ImajiaTuBHOrO cTany [17].

MenuyHuM npaniBHUKaM, SIKi 0epyTh ydacTb Y po0o-
Ti Opuran 3 HagaHHS TajJiaTUBHOI JOMOMOTHM, 4acTO He
BUCTaya€ CrelliaJbHOI IiATOTOBKU Ta 3HAHb y Tajy3i iH-
TEHCUBHOI Tepallii, a creliajgizoBaHi Opuraau 3 HagaHHS
MaJiaTUBHOI TOMOMOIM JiTSIM MOXYTb OyTH HEIOCTYITHi.
Lle Moxe mpusBecTu 10 AeDIlIUTY BUCOKOIHTEHCUBHOTO
JOTJISITY Ta BUKJIMKATHU TMEBHI KOHMIKTU 3 OOKY 0aThKiB,
a He 1X MATPUMKY Ta BiIKpUTE CITIJIKYBaHHsI. ToMy opraHi-
3allisl MajiaTUBHOI JIOTIOMOTH TiTSIM TTOBUHHA OYTU KOMII-
JIEKCHOIO, MIXKIUCIUTLTIHAPHOIO i TIPUITYCKATH iHTerpailito
MOCIIYT TaJliaTUBHOI JOIIOMOTM B HAsIBHI CHCTEMHM, TaKi

SIK AWTSIYi BiAIiJIEHHSI iHTEHCUBHOI Tepaltii, 1151 3a0e3re-
YeHHs MOCTiHOI iHAMBIAYyaJlbHOI MiATPUMKU, KOHTPOJIIO
CUMMTOMIB Ta TOMISIAY B KiHIIi XXKUTTS, IIPY LIbOMY 30epira-
JOUM TiZHICTh i aBTOHOMIIO TarieHTa [18].

B yMoBax jiikapHi najiaTuBHa JOMOMOTa Ma€ iHTerpy-
BaTUCS OO AWUTSYUX BiIdijeHb iIHTEHCHBHOI Teparii s
Ha/laHHST OTHOYACHOTO IOTJISIY Ta JiKYyBaHHSI, 1110 MIPOJI0-
BXYE XUTTs, a OpUraay najiaTuBHOI JOIIOMOTH IMOBUHHI
IpalmioBaTy pa3oM 3 JiKapsMmu-aHecTesionmoramu BPIT,
3a0e3neuyroun Oe3nepebiiiHy KOOpAMHALII0 Ta JOIJISI.
Jlo Toro X 11e TO3BOJUTh OpraHidyBaTu Oe3nepepBHE Ha-
BYaHHSI BCHOI'O0 MiXKIMCHUILIIHAPHOIO IEePCOHATy METO-
JliB iHTEHCUBHOI MaJIiaTUBHOT IOTTIOMOTHU JiTSIM.

Marepiaau Ta metoAun

Oruisan JlitepaTypu, sIKWiA YBIIIIOB 10 CTAaTTi, BKJIOYAB
KIiJIbKiCHI Ta SIKiCHI pe3yJIbTaTH 1010 YYacTi aHeCTe310J10-
riB Ta JiikapiB iHTEHCHUBHOI Tepartii y HaJaHHi JOTIOMOTHU
MaJliaTUBHUM JiTsIM. MU BUKOPMCTOBYBaiu 0a3u AaHUX
PubMed, Embase Ta Medline 3 HacTynHow0 GiabTpalii€io
158 myGumikarriit. ¥ pesynbrati momryky BimiopaHo 21 crar-
TIO, SIKi HAOIbIIIEe BiAMOBIIaIM METi HAIIIOTO JTOCITiKEH-
Ha. Bynmu Bukopucrani Hakasu MiHicTepcTBa OXOPOHU
300pOB’s, SIKi BU3HAYalOTh OpraHizallilo majaiaTUBHOI J0-
MOMOTHU JiTsIM. JIJI9 OLIHKM SIKOCTi HaJaHHS TaJliaTUBHOI
IIOTMIOMOT'M JIiTSIM Ta POJii aHecTesiosiora y Ik J0moMo3i
Oy/aM TIpoaHasi3oBaHi AaHi 3BiTy cIieliaai3oBaHOl Opura-
o KHT «PerioHanbHUil MeIMYHWA LEHTP POAMHHOIO
3n0poB’si» JIOP 3a 2024 pik. Pe3ynbsraTtu rpyHTyBaauch Ha
0COOMCTOMY JOCBifi, BKIIOYAJINCS B KUJTBKICHOMY BUpa-
JKEeHHI I OnuCcyBaJINCSI B TTOTOYHOMY CTaHi.

Pe3yAbTaTU TO OGrOBOpPEHHS

Hamri crioctepexkeHHsI TpyHTYIOThCS Ha aHaJli3i opraHi-
3awii naiziatuBHoi nonomMoru aitsaM y KHT «PerionanbHuit
MEIVUYHUI LIEHTP pOoAMHHOTO 3mopoB’s» JIOP, Opuramu
SIKOTO HAalaloTh JIiKYyBaJlbHO-KOHCYJIBTaTUBHY J1OTOMOTY
BCiM MEIMYHUM MpalliBHUKAM, 110 HAIAal0Th JiKapChKi MO-
CJIYTM MaJliaTUBHUM JiTSIM Ta ixHiM 6aTbkaM (TabJ1. 2).

AHaJti3y10uu opraHizauiio najgiaTUBHOI 1OTTOMOTIH, CJIi
cKazaTu po HasgBHIicTb BUcokoi iHTerpawii I1/1 y BPIT, mo
3HAYHOIO MipOI0 MMOKa3aJi0 BUCOKY €(PeKTUBHICTh Y ITOEI -
HaHHI MepBUHHOI, BTOPMHHOI Ta TPETUHHOI TajiaTUBHOI
rneaiaTpuaHoO1 fornomoru. HasiBHy Monesb 3arajioM MoxKHa
PO3IUIUTU Ha iHTErpaTUBHY, KOHCYJBTATUBHY, TEJEKOMY-

Tabnuuys 1. Karteropii gitevi, akum noBUMHHa HagaBaTUCs nasiaTtusHa 4OrNoOMora,
3rigHo 3 pekomeHgauismu Acouiauii naniatnBHoi gonomoru giram [4]

Mpyna 1

LiT 3 TakMMK cTaHamu, KON NiKyBaHHSA MOXJIIVBE, ane MOXe BUABUTUCHA HeedeKTMBHMM. Linm aitam
MOXe 3HafobuUTUCA JOCTYN A0 MNOCyr naniaTMBHOI JOMOMOrM pa3oM 3i cnpobamu nikyBaHHs Ta/abo y pasi
HeeEKTMBHOCTI MiKyBaHHS (GiTY 3 OHKOMOMYHUMW 3aXBOPIOBAHHAMMN)

Mpyna 2

LiTn i3 3aXBOPIOBaHHAMMU, 3a AKUX NepegyacHa CMepTb € HEMUHYYOL0, ane MoXe 3HagoouTucs Tpusane
iHTEHCMBHE NiKyBaHHSA, CpsiMOBaHe Ha NPOJOBXEHHS XUTTA Ta 3ab6e3neyeHHs MOXIMBOCTI y4acTi B No-
BCAKAEHHOMY XUTTI (Hanpuknag, Nnpyu MyKoBicLuao3si, M’a30Bir guctpodii JiowweHHa ym BlJ1-iHdekuii)

Mpyna 3

it 3 nporpecyto4MMmM 3aXBOPIOBaHHAMMU, Y SKMX HEMAE BapiaHTIB NiKyBaHHS, KpiM BUKITIOYHO naniatme-
HOro, fIKe MOXe TpUBaTN NPOTAromM 6aratbox POKiB (CniHanbHa M’A30Ba aTtpodis, agpeHoNenkoancTpodis)

Fpyna 4

[iT 3 HEO60POTHUMMU, ane HENPOrPeCcyYNMN 3aXBOPIOBAHHAMY Ta CKNaAHUMU MeNYHUMK noTpebamu,
AKi NPM3BOAATL [0 YCKNaAHEeHb Ta MiABULLYIOTb iIMOBIPHICTb NepefyacHoOi CMepTi (TSXKKUIA OUTAYMIA Lepe-
6parnbHWiA napanid, CMHOPOMK 6araTbox Bag PO3BUTKY)
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HiKalliiHy Ta iHTEHCUBHY 4YacTUHHU. [le1io moaioHe mpo-
nonysaB J.E. Nelson et al. [19] y nopocinux naniaTuBHUX
XBOPUX.

[HTerpaTBHAa MOZE/b BU3HAYA€ CTAaHIAPTU30BAHUIA
ninxin no HagmaHHs [1/1 9K mMoBCSIKIEHHY MPaKTUKY KOMaH-
JIW JUTSI BCiX TIALIIEHTIB Ta CiMe, sIKi 3iTKHYIUCS 3 KpUTUY-
HUM 3axBoploBaHHsM. Lle TpanuitiiitHuii BUi3a Jikapis na-
JIIaTUBHOI OpUTaau sl KOHTPOJIIO 32 CTAHOM TIalliEHTa Ta
HiATPUMKH M0TO OaTBhKIiB.

KoncynpratBHa i TeleKOMYHiKalliiiHa MOJEIb BKIIIO-
ya€ 3aJlydeHHs CIeliali3oBaHOi KOMaHOM IIajJiaTMBHOI
JOIOMOIM B Mipy HEOOXiTHOCTI ISl TUX MOiTeHl, y SIKMX
HaWBUIIMKA PU3UK HECHPUSITIMBUX pe3yibraTiB. Jlo i€l
KOMaHIX OOOB’SI3KOBO BXOAUThH JiiKap IediaTpUUHOTO
BPIT. L1 Monenp BUsIBUIACS HAMYCITIIIHIIIIOW, OCKITbKK
BOHA JO3BOJIMJIA CBOEYACHO BU3HAYUTHU JMHAMIKy HapocC-
TaHHSI TSDKKOCTI CTaHY IUTUHM Ta MiCLie MOJAIbIIIOL OO~
MOTH 3 MOXJIMBOIO rocritaisatieto ii go BPIT.

3po3yMiJio, IO MajiaTUBHA JOITOMOTA BCiM HIiTIM Ha-
NA€EThCsl Ha eTarti repBUHHOI jaHku. Lle 3mebinbiioro Ti
MAali€HTH, SKi TTOTPeOyYIOTh JIMIe OISy, IX cTaH He TIo-
Tpedye OyIb-SIKMX TOAaTKOBUX MPOLEAYP Ta CHeliaTbHUX
METOqiB iX BuxomxyBaHHs. Lli mitm mepeOyBaloTh mim Ha-
IJISIIOM MEIUYHMX CecTep Ta JikapiB ymoma. Baxkko cka-
3aTH, HACKUJIbKM KBaji(ikallis cepeaHbOro MEINYHOTo Ta
JIIKapChbKOT0 MePCoOHaTy 3a0€3MeYrTh COLliaIbHy MEIUUHY
Ta MCUXiaTpUYHY MiATPUMKY IMTHUHI Ta ii 6aTbkaM. Tomy
BiBiTyBaHHSI MOOUTbHOI OpUTaaM MaliaTUBHOI JOITOMOTH
€ ayxe BaxiauBuM. Och YOMY 3a PiK KiJIbKiCTb TAKMX BU-
i311iB cTaHOBUTD 716, 3 skux y 21 % BumankiB 6epe yJactb
aHecTesiornor (Tabu. 3). Moro yuacts moTpi6Ha Tomi, Koan
HeoOXigHa opraHi3allis JOTaTKOBUX i OLIBII CKIaTHUX TEX~
HOJIOTI JOIJISIAy a00 pillleHHs PO HeOOXiMHICTh rOCITiTa-
JIi3amii IMTUHM 10 cTauioHapy abo BPIT.

Tocmiranizawist miteit, ctaH SKMX 3HAYHO MOTipIIMB-
cs, 3nificHoeThes Tiibku B KHT «PerioHanbHuii Mmeany-
HUI LEeHTp poauHHOro 310poB’si» JIOP, i, sk Mmu 6aunmo 3
Tab1. 2, 86 % 3 HUX Oapa3y NPSIMYIOTh Y BilUTIICHHS iHTEH-
CUBHOI Tepariii.

[TaniatuBHa nonomora y BPIT nmpoBonutscs 3a TakumMu
Hanpsimkamu [20]:

— HeOe3rnevyHe ISl XKUTTS 3aXBOPIOBAHHSI, TIPU SIKOMY
TUIBKU THATPUMYETHCS XXUTTSI TATUHU, Teparlis BU3HaHa
MapHO10, TUTUHA MOXeE TTOMEePTH;

— HEKOHTPOJIbOBAaHI CUMIITOMM, HEOOXiTHICTb CIIEIIi-
aJIbHOI JIOTIOMOT'H, SIKa HEJ0CTYIHA ab0 He/Io1IJIbHA Y 3BU-
YalfHOMY BiIIiJIEHHi;

— 3HayHa MOPOIAHICTH YHACIIIOK IPOrpecyrovoro
3JI05IKICHOTO 3aXBOPIOBaHHSI a00 XPOHIYHOrO CTaHy, IO
00MeXXy€e TPUBAJIICTh KUTTSI.

binpLIicTh BigmiieHb iHTEHCUBHOI Tepallii CIIpOEKTO-
BaHa 3 ypaxyBaHHSIM OINTHMaJIbHOI e(heKTUBHOCTI Ha/laH-
HsI iIHTEHCUBHOI Tepallii, a He JIJisg 3a0e3IeYeHHs TIPUCYT-
HOCTI CiM’1, 1110 YCKJIaIHIOE KOMYHiKallil0, OpiEHTOBaHY Ha
ciM’10. B opranizailii iHTeHCUBHOI Tepartii 1151 majiaTuB-
HUX JiTell HeoOXiTHO TOTPUMYBATHCS TUX HAIIPSIMKIB, SIKi
ormmcani S. Amy et al. [20]:

— BiZICYTHICTh OOMEXEHHS 111010 3aCTOCYBAaHHS Mpera-
parTiB Ta POBEAEHHSI METO/IIB PeCHipaTOPHOI MiATPUMKU;

— IIBUAKUM Mepexis 10 XKUTTE3a0e3MeuyI0unX 3aX0/1iB;

— BoJiofiHHA TepcoHasoM BPIT HaBuukamu majia-
TUBHOTO iHTEHCUBHOTO JOJISINY;

— JIOCBIiI i 3HAHHS Y HaJaBaHHi AOTJISITY BMUPAIOYUM
JITSIM;

— TPUCYTHICTb OATHKIB;

— JIOCTYITHICTb TICUXOCOLiabHOI IOTTOMOTH.

Krinignnit nmcuxosor Mae OyTH 3allydeHUIT OOOB’SI-
3KOBO, OCKIUJIBKM BiH MO 3aCTOCYBaTH OOTPYHTOBaHI Me-
TOOY BTPy4YaHHS IIpU €MOIIiifHiil HAmpy3i 0aThKiB Ta Iep-
conany BPIT.

Crnin 3ynuHUATUCS Ha 11e OJHil mpo0JieMi, sika BAHUKAE
y BiIiJIeHHi iHTEHCHMBHOI Teparlii IiJ Yac BMUpPaHHS Iali-
ATUBHOI JUTHUHMU.

Y npocnekTuBHOMY Mi>XXHapOAHOMY 0araToueHTPOBO-
My IOCJiIXEeHHi OyJo 3a3HaY€HO, 110 HE BCiM IalliEeHTaM
Y MOMEHT IXHbOTO BMHUPAHHSI Y BilIiJIEHHI iHTEHCUBHOIL
Tepartii MpoBOAWIACS CeplieBO-JIereHeBa peaHimallis. AB-
TOPM TIOKa3aJlk, 10 Y BiJAiJIEHHSIX IHTEHCHUBHOI Tepartii
TMailieHTam, siKi TOMEepJIu TaM, Pifiie TPOBOAMIIACEH CEpPIIe-
BO-JIETeHEeBa peaHiMallis, 00 JiKapi OTpUMYBaIM PO3IOPSI-
IKEHHS «He peaHiMyBaTh» a00 3BepTaTHCS 3a KOHCYJIbTa-
1i€to 10 ¢axiBlIiB 3 MaliaTUBHOI J0IMOMOTH [21].

Mu po3ymiemMo abCoIIOTHY Hee(eKTUBHICTh peaHiMa-
LIAHUX 3aXOMiB, sIKi MPOBOMSTHLCS MIiTSIM, YME XKUTTS 3a-
KIHUY€ETbCS 4epe3 TIKKEe XPOHIUHE 3aXBOPIOBAHHS, aje
MPOBEJACHHS LIMM AIiTSIM peaHimauii Oyie MCUXOJOTiYHUM
MOJIETIIEHHIM JJIs1 0aThKiB.

Hornsn 3a aiTbMHU, SIKi KMBYTh BIOMa 3 TSKKUMM 3a-
XBOPIOBAHHSAMH, € CKJIAMHOIO MpobGiemoro. Moro oprawi-
3allisl TOTpedye OaraTopiBHEBOTO IiAXOMY, SIKU1 BPaXOBY€E
JIOMAIITHIO OOCTaHOBKY, B3aEMMHU MiX OaTbKamu, COIIi-
aJIbHUIM piBeHb ciM’i Ta 11 (DiHaHCOBI MOXJIMBOCTI, a TAKOX
TOTOBHICTh 3a0e3IeuyBaTd AOTJISIA TSDKKiM MaxiaTUBHIN
IUTUHI [22].

Tabnuys 2. ManiatueHa gonomora y KHT «PerioHanbHnii Me guYHWI LLeHTP poANHHOIo 340poB’°s» [JOP

MponikoBaHoO JletanbHicTb Micue nikyBaHHS

Pik Owkozaxso- | | . -

Ycboro | <1poky | >1poky | PlOBaHHs SELERELEL gy | L

KinbKicTb BigAineHHs

2021 8 5 23 8 20 11 39,3 24 4
2022 5 5 30 6 29 7 20,0 34 1
2023 8 6 42 6 42 12 25,0 41 7
2024 4 4 30 7 27 9 26,5 26 8
2025 2 5 17 3 19 6 27,3 19 3
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Ta6nuus 3. MNaniaTuBHa gonomora A[iTam B perioHi 3a oaguH pik

Micue HapaHHSA naniaTMBHOI AONOMOIU KinbkicTb giten

[MepBWHHA MegmnyHa gonomora 383
CraujioHapHa naniatMeHa gonomMora 226
KinbKicTb BMi3QiB MOBGiNbHOI 6puragm 716
KinbkicTb BUI3AiB crieyianizosaHoi 6puragm 24
KinbkicTb giTen, onga skux opraHisoBaHo NOCTIiNHe creuiani3oBaHe CrnoCTEPEXEHHs 24
KinbkicTb giTen, cnpsaMoBaHUX B CTauioHap Ansa cnewianisoBaHoi naniaTMBHOI 4ONOMOr 11

KinbKicTb TENEKOMYHIKaLiNHMX KOHCYbTaLIn 360

CriewiiaylizoBaHy JIOMAIlHIO TMajliaTUBHY JOMOMOTY
Oys10 HagaHo 24 miTsM. Buisn aHectesiosiora 31e6i1b110TO
OyB TUTaHOBUM, ajie y 35 % BUMaaKiB BUKJIUK Opuraau 6yB
yepe3 PO3BUTOK KPU30BUX IMOMi UM HaI3BUYAWHUX CH-
Tyaliit i3 puTuHoto. OIMHAAIATE AiTel OyJI0 HAIIpaBIEHO
N0 CcTallioHapy y BiliJIieHHs] iHTEHCUBHOI Tepariil 1is 3a-
0Oe3IeuyeHHs eKCTPeHO1 mormoMoru. o TphoxX miTeil, SKuM
BIOMa TIPOBOJIUTHCS IITyYHA BEHTWISALLiS JIETeHb, JliKap-
aHEeCTe3i0JI0T BUIKIKAE TJIAHOBO IIIOHAlIMEHIIIe 2 pa3u Ha
TWKIEHB, a 32 HEOOXiIHOCTI 1 yacTile.

BMCHOBKMU

Hornsia 3a MITbMU 3 TSOKKUMU 3aXBOPIOBAHHSIMU, SIKi
HaOMMKAKOTBCS A0 KiHLSL CBOTO XWTTS, MOTpedye ITOCBi-
Iy 6araTboX (paxiBIiB, i aHECTe3i0JIOTM BiirparoTh Y LIbO-
MY KJIOYOBY pOJIb. AHECTE310JI0TM YaCTillle CTUKAIOTHCS
3i CKJIAHUMU KJIIHIYHUMM CUTYaIlisIMU, 1110 TTOTPEOYIOTh
3aCTOCYBaHHS TIPUHIIMITIB Ta MPAKTUKU TaiaTUBHOI J10-
HOMOTH. Y IIbOMY CEHCi IPOBEIeHHS CHELiaJbHOI ITiaro-
TOBKM /IS TIJIBUILEHHSI 3HAHb PO MaJliaTUBHY JOTIOMOTY
JIO3BOJIUTh 3a0€3MeUYUTU BUCOKOSKICHE CUMIITOMATUYHE
JIIKyBaHHsI, CiMeliHe KOHCYJIbTYBaHHS Ta KePiBHULITBO Ia-
LiEHTAaMU HAMPUKIiHLI XUTTS Y BiIIIIEHHSIX iHTEHCUBHOI
Teparii.

Takum yuHOM, chiBmpals JiKapiB Ta aHECTe3i0JIO0riB,
1110 CITeliaji3yl0ThCsl Ha MaliaTUBHIM JOMTOMO3i, Ma€ BeIr-
Ye3HUI MOTEHIliaa JJIsi B3AEMHOI BUTOIM. YYacTh aHEeCTe-
3ioyiora y majiaTUBHIl JOTIOMO3i JiTsIM 3a0e3reduye iHTe-
rpaTUBHY, LHiTiICHY (hOpMY JOTJISAY 32 MEAUYHO CKIATIHUMM
JITbMU Ta IXHIMU CiM’SIMMU.

KonduikT inTepeciB. ABropu 3asBIsIIOTH PO BiACYT-
HiCTh KOHMJIIKTY iHTepeciB Ta BlacHOI (hiHAaHCOBOI 3alli-
KaBJICHOCTI ITPU MiATOTOBII JaHOI CTATTi.

Indopmanisa npo dinancyBanns. [lociiakeHHs He Ma€e
OKPEMOro I10AaTKOBOIo (piHaHCYBaHHSI.
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The role of an anesthesiologist in the organization and provision
of specialized palliative care for children

Abstract. Background. In this article, we examined the role of a
pediatric anesthesiologist in the organization and provision of pal-
liative care for children and their families, which is within his com-
petence. In many cases, ordinary palliative care includes intensive
care methods, even when the child is at home. This goes beyond
the competence of a primary care physician and then, to optimize
the comprehensive approach, consultative, and perhaps direct
assistance from an anesthesiologist is necessary. Materials and
methods. Our observations are based on an analysis of the organi-
zation of palliative care for children in the Dnipro Regional Medi-
cal Center of Family Health, whose teams consult medical workers
who provide palliative care for children and their parents. Visits by
a mobile palliative care team are very important. Results. There
were 716 visits per year, of which an anesthesiologist participated
in 21 % of cases. This is required when it is necessary to organize

additional, more complex care technologies or decide on the need
to hospitalize a child to an inpatient facility or intensive care unit.
Specialized palliative care at home was provided to 24 children.
Anesthesiologist’s visit was mostly planned, but in 35 % of cases,
the team was called due to the development of crisis events or emer-
gencies with the child. Eleven children were admitted to the inten-
sive care unit to provide emergency care. An anesthesiologist makes
scheduled visits, at least twice a week, to the three children who are
ventilated at home, and more often if necessary. Conclusions. Col-
laboration between primary care physicians and anesthesiologists
specializing in palliative care has enormous potential for mutual
benefit. In essence, the anesthesiologist’s involvement in palliative
care for children provides an integrative, holistic form of care for
medically complex children and their families.

Keywords: children; palliative care; intensive care
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