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Резюме. В статье представлен обзор литературы по проблеме жестокого обращения с детьми, которая 
до недавнего времени в нашей стране замалчивалась и не имела такой актуальности, как сейчас. Указом 
Президента РФ В.В. Путина период с 2018 по 2027 годы объявлен десятилетием детства в России; одним из 
национальных приоритетов страны является обеспечение благополучного и защищенного детства. Выяв-
ление и профилактика различных форм детского неблагополучия и жестокого обращения с детьми — важ-
ная медико-социальная проблема. Для эффективного предупреждения и выявления жестокого обращения 
с детьми, а также его влияния на психоэмоциональное состояние, социальную адаптацию, детскую заболе-
ваемость и смертность, травматизм и инвалидизацию, необходим междисциплинарный подход с привле-
чением социально-правовых сотрудников, педагогов и врачей всех специальностей.
Ключевые слова: жестокое обращение с детьми; пренебрежение; запущенность; истязание; сексуальное 
насилие; физическое насилие; психологическое насилие; эмоциональное насилие; образовательное прене-
брежение; медицинское пренебрежение; вред здоровью; судебно-медицинская экспертиза.

UDK 347.627.2.023 + 364.65 + 179.2 + 340.62 + 364.043.4 + 364.28
DOI: 10.56871/CmN-W.2024.98.73.001

MEDICAL AND SOCIAL ASPECTS OF CHILD ABUSE

© Dmitry O. Ivanov, Ivan D. Lyakhov, Zlata V. Davydova, 
Ruslan A. Nasyrov, Elena Yu. Kalinina

Saint Petersburg State Pediatric Medical University. Lithuania 2, Saint Petersburg, Russian Federation, 194100

Contact information:
Zlata V. Davydova — Candidate of Medical Sciences, Associate Professor of the Department of Pathological Anatomy with a Course 
of Forensic Medicine named after D.D. Lokhov. E-mail: zlata.davydova@rambler.ru   ORCID ID: 0000-0002-6673-8230   
SPIN: 7016-7086   Scopus Author ID: 57218215648

For citation: Ivanov DO, Lyakhov ID, Davydova ZV, Nasyrov RA, Kalinina EYu. Medical and social aspects of child abuse. Children’s Medicine 
of the North-West (St. Petersburg). 2024;12(1):5-18. DOI: https://doi.org/10.56871/CmN-W.2024.98.73.001

Received: 04.12.2023  Revised: 27.12.2023  Accepted: 25.01.2024

Abstract. The article provides a review of the literature on the problem of child abuse, which until recently was 
hushed up in our country and did not have the same relevance as it does now. By decree of the President of the 
Russian Federation V.V. Putin, the period is 2018  to 2027. declared the decade of childhood in Russia, one of 
Russia’s national priorities is to ensure a prosperous and protected childhood. Identifi cation and prevention of 
various forms of childhood ill-being and child abuse is an important medical and social problem. To eff ectively 
prevent and identify child abuse, as well as its impact on the psycho-emotional state, social adaptation, childhood 
morbidity and mortality, injuries and disabilities, an interdisciplinary approach is required with the involvement 
of socio-legal employees, teachers and doctors of all specialties.
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The problem of cruelty to children is relevant 
throughout the world [1]. Issues relating to child 
malfortune are also being considered in Russia; 
they have to be resolved in the general structure 
of government tasks concerning demographic 
policy, the quality of life, creation of necessary 
and suffi  cient conditions in order to develop a full-
fl edged personality. In the last decade, ensuring 
prosperous and safe childhood has become one 
of Russia's national priorities. As a way to reduce 
child mortality, improve the health of the child 
population and improve the quality of medical 
care for children, diff erent campaigns are being 
carried out. May 29, 2017 President of the Russian 
Federation V.V. Putin signed a decree declaring 
2018–2027  the Decade of Childhood in Russia. 
The purpose of the Decree is “to improve state 
policy in the fi eld of child protection, taking into 
account the results achieved during the imple-
mentation of the National Strategy of Action for 
Children in 2012–2017”. The Russian Federation 
Government developed an Action Plan for 2020. 
One of its main directions was to create the sys-
tem in order to protect and ensure children’s 
rights and interests [2].

Nevertheless, in recent years Russia has seen 
an increase in the number of crimes committed 
against the family and minors. Annual state re-
ports "On the Situation of Children in the Russian 
Federation" provide statistical data characte rizing 
the critical situation of children in modern Russia. 
Thus, the number of children who have been vic-
tims of crime has increased for the last 3 years by 
4.5 % (2021  — 112,387; 2020 — 94,881; 2019  — 
107,571). The number of crimes against sexual in-
violability and sexual freedom of minors (2021 — 
16,887; 2020  — 15,822; 2019  — 14,755) and 
children (2021 — 12,251; 2020 — 11,287; 2019 — 
11,462) has increased annually.

The State report On the Situation of Children 
and Families with Children in the Russian 
Federation for 2021 notes that in 2021, 1,342 crim-
inal cases were initiated in respect of parents or 
other legal representatives who do not fulfi ll their 
obligations to bring up minors and who permit 
cruel treatment of children, on the grounds of 
crimes under article 156  of the Criminal Code of 
the Russian Federation (2020  — 1,288; 2019 — 
1,491).

Analysis of the situation regarging protection 
of minors from criminal encroachments shows 
that more than half of crimes against children are 
committed by parents or other legal represent-

atives (2021 — 57.5 %; 2020  — 52.6 %; 2019 — 
55.1 %). As total number of crimes against chil-
dren increased (2021  — 59,426; 2020 — 47,514; 
2019 — 54,720), the number of especially serious 
(2021 — 1,345; 2020 — 956; 2019 — 957) and seri-
ous (2021 — 477; 2020 — 434; 2019 — 421) crimes, 
medium (2021 — 313; 2020 — 274; 2019 — 327) 
and minor crimes (2021 — 57,291; 2020 — 45,850; 
2019 — 53,015) rose as well. The surveys indica-
ted 14.5 thousand facts of inadequate fulfi llment 
of duties on maintenance and upbringing.

The territorial bodies of the Ministry of Internal 
Aff airs of the Russian Federation proactively sent 
557 materials to the guardianship authorities for 
consideration of the deprivation or restriction of 
parental rights with regard to parents (other le-
gal representatives) who maliciously evade their 
childcare obligations.

The 2021  report of the Commissioner for 
Children's Rights, M.A. Lvova-Belova, states that 
the number of suicide attempts among minors 
has increased by almost 13 % over the past three 
years (from 3,253 to 3,675 cases) and the number 
of repeated attempts by rose 92.5 % (from 188 to 
362 cases) respectively. According to the Russian 
Investigative Committee, the number of child su-
icides increased by 37.4 % in 2021  compared to 
2020  and amounted to 753  cases. In 2018, the 
Investigative Committee of the Russian Federation 
recorded 788 suicides among minors, in 2019 — 
737, and in 2020 —548 [3]. Thus, the problem of 
child neglect and child abuse in Russian society is 
steadily gaining momentum.

The problems of violence against children 
in families have been discussed since the early 
1990s in Russia, when the government began to 
establish shelters, social rehabilitation centers, 
and crisis services. The majority of children enter-
ing these institutions had experienced violence or 
abuse as well as its consequences. These children 
were not as much beaten (although many were 
physically punished) as they weren’t fed, taken to 
school, cared for and loved. In this regard, the con-
cept of "violence" is used conventionally in this 
context. In the Russian language, the term "vio-
lence" usually refers to specifi c actions ("beating", 
"rape") and does not take into account the vari-
ety of actions (or inaction) on the part of adults 
that harm a child. Situations in which a toddler is 
left unattended at home or in the street, forced to 
stand in a corner for hours, regularly humiliated 
and called an "idiot", stripped and fondled, shown 
pornographic fi lms, poorly fed and clothed, not 
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provi ded with a learning environment, given ex-
cessive demands and expectations and then pu-
nished for not meeting them — all these situations 
have many similarities in their consequences, but 
some of them cannot be called violence in the or-
dinary sense of the word. They are all "bad", "cru-
el", "wrong" treatment of a child, which traumatiz-
es and negatively aff ects the child's development 
and health.

Such treatment can be both conscious and un-
conscious, can be connected with external factors 
and the characteristics of parents or a child, can 
be determined by parents’ actions or, conversely, 
by his or her inaction (for example, failure to pro-
vide safety).

In 1999, a World Health Organization report 
[4] defi ned child maltreatment as follows: "Child 
abuse, or maltreatment, includes all forms of 
physical and/or emotional ill-treatment, sexual 
abuse, neglect, negligence, and commercial or 
other exploitation, which results in actual or po-
tential harm to the child’s health, survival, deve-
lopment or dignity in the context of a relationship 
of responsibility, trust or power".

The causes of child abuse and maltreatment 
are partly attributable to numerous ethnic and 
social conflicts, a sharp decline in social mo-
res, and the loss of the best traditions of fam-
ily upbrin ging. The rising number of asocial 
families, families with low income or below the 
poverty line, their social isolation, alcoholism 
and drug addiction of parents contribute to an 
increase in the level of ge neral aggression and 
anger in the relationship between parents and 
children. From these positions, many authors 
reckon that child maltreatment is a problem of 
society [5–9].

Studies of parents among whom cases of child 
abuse were identifi ed, showed that they have the 
following psychological, behavioral or personal 
characteristics: low self-esteem, lack of restraint, 
immaturity, a tendency to dictate, aggressive-
ness, isolation from family and friends [10–12 ]. It 
was noted that child abuse is a much more com-
plex phenomenon than a simple consequence 
of patho logical development of an individual. 
Many authors identify a number of factors that 
determine the development of the “child abuse 
syndrome”, such as the relationship between a 
parent and a child, existing family patterns and 
problems, stress caused by the socio-economic 
environment, and, in a broader sense, by social 
conditions [13–21].

According to J. Bowlby, author of the At-
tachment theory, an infant must receive enough 
warmth and tenderness from those who raise 
him for further normal development. Attachment 
to a mother or a substitute is a genetically pro-
grammed process that ensures infants’ survi val. 
The formation of psychological attachment is 
realized indirectly, through socio-psychological 
factors, which include: the relationship with the 
child's father, the desirability of pregnancy, own 
socio-economic status, the presence of family 
support, mother’s expectations from th child [22].

E.G. Eidemiller, V.V. Yustitskis in their work 
"Psychology and psychotherapy of the family" 
characterized types of families, where violence 
against the child is most common:

• families where physical violence as a way of 
solving problems, becomes a part of family 
relations;

• families where the mother or father suff ers 
from alcoholism, which destroys emotional 
ties between parents and children and con-
sequently removes moral and ethical prohibi-
tions on violence against children, including 
sexual violence;

• families where marital relations are broken 
for various reasons and there is no possibi lity 
of satisfying their sexual needs outside the 
fa mily, which may lead to sexual violence or 
child molestation;

• socially isolated families, where parents them-
selves avoid any close relationships with the 
people around them including relatives;

• dysfunctional families, where a child take 
child care responsibility for younger ones due 
to necessity [23].

The role of the family in the development of 
child maltreatment has also been studied by oth-
er authors [22, 24–27].

Although, according to some researchers, sexu-
al and psychological violence is equally common 
in both affl  uent and poor families, children more 
often serve as a target of negative emotions re-
sulting in various forms of violence in families 
with low income [28]. Various manifestations of 
violence against children are especially noticea-
ble during periods of social and socio-economic 
change [29]. Traditions and customs adopted in a 
particular culture can dictate cruelty in child-rear-
ing practices. For example, female circumcision 
is practiced in some Middle Eastern and Asian 
countries. It is estimated that about 100–140 mil-
lion girls and women worldwide have undergone 
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some form of circumcision, and 2  million are at 
risk each year because of the procedure (most 
of these women are from Africa, the Middle East 
and Asia). Female circumcision can be performed 
both in younger and older children as well as du-
ring adolescence. Deliberate damage to healthy 
organs for non-medical reasons is condemned by 
the World Health Organization, the International 
Confederation of Midwives and the International 
Federation of Obstetricians and Gynecologists. 
Female circumcision is regarded as a form of vio-
lence against girls and women [30, 31].

In accordance with ICD-10, the “the child mal-
treatment syndrome” is included in Class XIX, 
“Injury, poisoning and other certain eff ects of 
external causes”, with the following subhead-
ings: T.74.0 — Neglect or abandonment; T.74.1 — 
Physical abuse; T.74.2  — Sexual abuse; T.74.3 — 
Psychological abuse; T.74.8 — Other symptoms of 
abuse; T.74.9 — Unspecifi ed abuse syndrome [32].

Most authors highlights four main types of 
child maltreatment: physical abuse, sexual abuse, 
psychological or emotional abuse, and neglect of 
a child's basic needs [14, 22, 33].

Neglect is the failure to provide for a child's 
basic needs. Neglect can be physical, educational, 
medical or emotional. According to those count-
ries where detailed statistics on child neglect are 
kept, this type of maltreatment is the most com-
mon and is directly linked to high rates of morbi-
dity and mortality in children [34, 35].

Physical neglect is the most common type of 
neglect, manifested by failure to meet a child's ba-
sic needs for food, shelter, and clothing, unrela-
ted to lack of fi nancial resources. Physical neglect 
also includes inadequate parental supervision, 
abandonment, expulsion from home, and aban-
donment of a runaway child who wants to return 
home.

Pedagogical neglect includes failure to or-
ganize adequate education for the child in 
secon dary school, including failure to enroll the 
child in school or enabling chronic absentee-
ism, as well as lack of education for children with 
special educational needs. We find it necessary 
to elaborate on an infrequently mentioned but 
often recently encountered type of neglect — 
medical neglect.

Medical neglect is the postponement or dep-
rivation of necessary medical care or surgical in-
tervention for conditions that are life-threatening 
or cause harm to health with varying degrees of 
severity by persons who are obliged to provide 

care for the child [37, 38]. Medical neglect should 
include not only life-threatening situations, but 
also mild or moderate situations that potentially 
jeopardize the child's health (e.g., lack of preven-
tive examinations, including dental care). There 
are several forms of medical neglect:

Postponing seeking medical care (parents 
overlooking obvious symptoms of a child's se-
rious illness or failing to provide their child with 
ade quate preventive care):

• irregular medical care for chronically ill chil-
dren (insuffi  cient adherence to treatment: 
parents do not follow the child's treatment 
regimen, do not give medications at the exact 
time and in the full dose, do not follow recom-
mendations on nutrition and storage of med-
ications, do not bring the child to the doctor 
for regular dispensary monitoring);

• deprivation of medical care (parents con-
sciously refuse to comply with medical rec-
ommendations);

• refusal to vaccinate.
There is no single reason why parents do not 

seek medical help in a timely manner or do not 
fully comply with the doctor's recommendations 
or deprive their child of medical care recommen-
ded by the doctor. Cases of medical neglect are 
usually the result of a combination of factors and 
causes on the part of parents, family, child and 
society. Medical neglect is most often observed 
when a child has a severe terminal illness, malfor-
mations, or impaired psychomotor or cognitive 
development. Risk factors for medical neglect are 
also other situations in the family: single-parent 
family, large family, low socioeconomic level of 
the family, family isolation (territorial, social), pe-
culiarities of the parents' personality  — the pre-
sence of alcohol or drug addiction, mental retar-
dation, social immaturity, depression, mental or 
psychological disorders, which are characterized 
by indiff erence or inability to sympathy [36–38]. 
Lack of parental awareness, lack of suffi  cient ge-
neral knowledge and culture (including hygiene 
knowledge and health culture), mistrust of doc-
tors and lack of partnership with health profes-
sionals play an important role in the occurrence 
of medical neglect.

Diagnosing medical neglect in children is dif-
fi cult and always requires convincing evidence. 
Medical neglect should be considered a situation 
where medical care is available and has an obvi-
ous or proven positive eff ect on the child's health, 
but is not used by an initiative of parents (legal 
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representatives), distinguishing the following cri-
teria:

• failure to seek medical assistance when there 
is a real or potential risk to the child's health 
or life;

• refusal of medical assistance (surgery, blood 
transfusion, organ transplantation);

• neglecting or failing to comply with medical 
recommendations (non-compliance with dis-
pensary monitoring, taking medication, limi-
ting physical activity);

• ignoring preventive measures (immuniza-
tions) in the absence of medical contraindica-
tions.

The primary aspect of preventing medical ne-
glect is health education work with parents (le-
gal representatives), in which it must be evident-
ly explained that treatment (prevention) off ers 
more advantages than the natural course of the 
disease without medical intervention, refusal of 
treatment will aggravate the harm to the child's 
health, and prevention of infectious diseases 
through vaccination creates not only individual 
but also collective immunity, which is a barrier to 
the spread of infection and the emergence of a 
disease.

National standards of care and standardized 
clinical protocols play an important role in pro-
ving that a medical intervention is necessary (has 
an obvious or proven eff ect). Local clinical proto-
cols should determine the availability of medical 
care. An urgent medical task is to develop clear 
criteria/indicators to determine which amount of 
care provided by parents should be considered 
as inadequate in case a child suff ers from specifi c 
diseases.

Emotional neglect, which, like emotional 
abuse, is diffi  cult to prove, includes inattention to 
the child's need for love, denial or failure to pro-
vide necessary psychological support, chronic 
or extreme spousal abuse in the presence of the 
child (e.g., beating a mother, murder).

Physical abuse is trauma or injury deliberately 
infl icted on a child by parents, legal representa-
tives or other adults, resulting in physical and/or 
psychological developmental delays and health 
problems [39]. Physical violence can range from 
disciplinary actions with minor superfi cial inju-
ries (bruises, abrasions) to fatal injuries, it might 
be single or systematic. Physical abuse includes 
punishment that is inappropriate for the child's 
age, physical development, health, intellectual 
or emotional state. Physical abuse includes: bea-

ting a child (hitting the body or head with fi sts 
or kicks), cauterizing, hitting the buttocks with 
hands, backhanding, slapping, pulling out or cut-
ting out wisps of hair, sharp and intense shaking, 
dousing with cold water, painful pinching, twis-
ting an ear, requiring a child to kneel or stand 
in an uncomfortable position for long periods of 
time, forcing a child to put hot pepper, salt, ba-
king soda into his or her mouth [4]. Evidence of 
physical violence, fi rst of all, are injuries of soft tis-
sues. But it should not be forgotten that the in-
juries may also be accidental, i.e. unintentionally 
caused. Forensic experts always face the question 
how a damage was caused, thus, expert practice 
has accumulated a considerable list of signs that 
allow to diff erentiate accidental impact of a da-
mage from an intentional one.

Blood bruises, which are formed by intentional 
impacts, are multiple, their age is diff erent, they 
are localized in the area of buttocks, thighs, ge-
nitals, cheeks, neck and other parts of the body, 
their shape and size correspond to characteristics 
of objects which formed the damage; at the same 
time, the discrepancy between the parents' story 
about the time of injury and the objective age 
of the bruise (objective determination is made 
by fixing its color) draws attention to itself. 
Wounds (in particular, from biting with teeth) 
have an oval shape, uneven bruised edges (cats 
or dogs leave triangular-shaped wounds after 
bites, bruises are not common). Fractures also 
have some peculiarities: a fracture of the acro-
mial end of a clavicle (it is formed if the child's 
arm is sharply "jerked" upward) is indicative as 
well as the presence of several fractures in dif-
ferent stages of healing.

Sexual abuse is involvement of a child (with 
or without his or her consent) in direct or indirect 
acts of a sexual nature with an adult in order to 
obtain sexual gratification or benefit, resulting 
in harm to the child's physical and mental health 
and behavioral abnormalities that impede fur-
ther social adaptation [40]. Р. Summit proposed 
the term "accommodation syndrome", which in-
cludes five stages, to designate the process of 
child involvement in sexual activity: Stage 1 — 
secrecy, Stage 2 — helplessness, Stage 3 — ac-
commodation, Stage 4  — attempted recogni-
tion or disclosure, Stage 5  — retreat [41]. The 
age distribution of sexual assault victims is as 
follows: about 25 % are 0–5 years old, about 35 % 
are 6–11 years old, and 40 % are 12–17 years old 
[42–46].
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Forensic examination reveals the following 
signs (physical indicators of sexual violence): 
damage to the genital area, anal area in the form 
of abrasions, lacerations, bruises, pigmentation; 
defl oration; "gaping" of the anus; detection of 
sexually transmitted diseases, urinary tract infec-
tions; pregnancy; urinary and fecal incontinence; 
psychosomatic diseases and neuropsychiatric dis-
orders [47–49].

Emotional (psychological) violence is a sin-
gle or chronic mental impact on a child, hostile 
or indiff erent attitude, as well as other behavior 
of parents or legal representatives, which causes 
a child's self-esteem disorder, loss of self-confi -
dence, hinders his/her development and socia-
lization [50]. Manifestations of mental violence 
according to J. Garbary are: ignoring, rejection, 
threats, including threats with swinging a fi st or 
a heavy object, terrorization, isolation, depravity. 
This type of violence can be carried out not only 
in the family, but also in various institutions (so-
called institutional violence) [51].

Consequences of abuse. Some authors be-
lieve that the result of violence or neglect of chil-
dren's basic needs can be defi ned as their trauma-
tization [52]. In this sense, the concept of trauma 
applied to child maltreatment includes parents’ 
or caretakers’ actions resulting in violations of 
child's psychological, emotional, cognitive and 
social functioning. According to A.L. Zadarnovsky 
et al. [53], besides direct physical impact, fa mily 
violence also contributes to long-term stress (as 
a damaging factor), causing the formation of 
persistent health disorders. This fact allows us to 
conclude that victims of domestic violence with 
its prolonged existence and damaging eff ect on 
the state of health have a group of somatic disor-
ders which have an etiopathogenetic connection 
with the facts of violence, and that is confi rmed 
by clinical practice. As studies have shown [54, 
55], children who have undergone such a demon-
strative psychic trauma as abuse in their families, 
in most cases are characterized by the presence 
of all symptoms of posttraumatic stress disorder: 
compulsive reproduction of a traumatic situation, 
increased physiological excitability, and impaired 
functioning.

Child abuse and neglect at an early age result 
in disturbances in main neurobiological systems: 
the hypothalamic-pituitary-adrenal system (stress 
response), the amygdala (emotion processing and 
emotion regulation), the hippocampus (learning 
and memory processes), the corpus callosum (in-

tegration of functions between hemispheres), 
and the prefrontal cortex (higher cognitive reg-
ulatory and executive functions) [56]. The nature 
of these changes depends on the period of life, 
i.e. the age of a child. The period of infancy and 
early childhood is the most vulnerable period for 
possible severe consequences of maltreatment 
ran ging from impaired brain development and 
maturation to fatal outcomes. The most common 
form of physical abuse in early childhood is blows 
to the head and body, accompanied by head in-
juries, internal organ damage and fractures; ex-
cessive vigorous shaking of limbs or shoulders 
is also dangerous at this age and can cause hid-
den intracranial and intraocular bleeding without 
signs of external injury (battered child syndrome) 
[57]. The consequen ces of neglect are also drama-
tic. Non-compliance with care standards leads to 
disruption of nutrition and regular sleep, which 
might be manifested by a signifi cant lag in physi-
cal development up to deprivation dwarfi sm [58]. 
The consequences of emotional neglect are man-
ifested in beha vioral signs of mental retardation: 
lack of smiling and facial expression, presence of 
disgust in the gaze, use of self-stimulatory actions, 
intolerance to changes in the familiar environ-
ment, and low activity level [59].

Impaired intellectual and speech development 
without signs of neurological disorders have been 
found among preschool and early school-aged 
children suff ering from maltreatment. Cognitive 
defi ciency might be caused by the eff ects of phy-
sical abuse, namely its infl uence on social infor-
mation processing abilities; altered results of this 
process lead to chronic aggressive behavior and 
a tendency to seek social provocations [60]. In 
particular, studies of brain electrical potentials in 
children with psychotraumatic experiences show 
patterns of neural activation during tasks requi-
ring executive functions similar to the patterns 
observed in children with attention defi cit hyper-
activity disorder [61]. The fi rst suicide attempts 
and self-harm among maltreated children appear 
between the ages of 7–12 years [62], and children 
of this age also show increased levels of depres-
sion, hopelessness, and low self-esteem. This age 
period is vulnerable to emotional abuse factors: 
bullying, terrorizing, and intimidating the child 
(e.g., constantly belittling the child or destroying 
a favorite object).

Risks of sexual violence increase with puber-
ty, reaching their highest levels by adolescence. 
Rates of sexual violence are 1.5–3  times high-
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er among girls than among boys [63]. There are 
immediate and long-term consequences of sex-
ual violence in minors. Near-term consequences 
include non-traumatic (invasive) and traumatic 
ones. Non-traumatic consequences are repre-
sented by pregnancy (7.7 %), sexually transmit-
ted diseases (26.9 %), nonspecifi c colpitis (28 %). 
Traumatic consequences are divided into ana-
tomical and functional ones. Anatomical: most 
commonly edema (21.9 %), lacerations (15.6 %), 
hyperemia (14.8 %), abrasions (14 %), tears (5.5 %), 
hemorrhages (4.3 %), scars (4.4 %), hymenal in-
juries (48.7 %), vaginal vestibule injuries (19.5 %). 
Somatic injuries were identifi ed in 20.5 % of cases. 
The percentage of victims with any psychological 
problems (mainly post-traumatic syndrome, psy-
chosis and depressive reactions) after their sexu-
al abuse ranged from 46.9  to 55.1 %. Among the 
remote consequences, the most frequent were 
menstrual disorders (11.6 %) — gynecological 
consequences, and vaginismus of central genesis, 
such as psycho-emotional maladjustment, sex-
ual dysfunction and other disorders. [64]. Sexual 
abuse also contributes to the manifestation of 
depressive and schizophrenia-like disorders and 
leads up to one-third of aff ected adolescents to 
commit suicidal acts [65].

The consequences of emotional abuse are psy-
chosomatic diseases (bronchial asthma, dermati-
tis, etc.) [66, 67].

In adults, childhood abuse causes psycho-
logical disorders (helplessness, low self-esteem, 
guilt, shame), behavioral and emotional disor-
ders (stress disorders, substance abuse disorders, 
difficulties in close or intimate relationships, dis-
sociative (traumatic) amnesia, dissociative iden-
tity disorder, borderline conditions, antisocial 
perso nality disorders, somatization and other 
medical problems, overeating) [68, 69]. The con-
sequences of such violence can be hidden for a 
long time, and manifest in adulthood as a ten-
dency to repeat adverse experiences and a pre-
disposition to fall into adverse situations (victi-
mization) [70, 71].

Recently, the diagnosis "child abuse syn-
drome" has been increasingly used in medical 
documents by Russian pediatric surgeons, trau-
matologists, and pediatricians. Offi  cial statistics 
on child traumatism and mortality do not fully re-
fl ect the total number of children who have suf-
fered from abuse [72, 73]. Neglect of children's 
needs is "masked" behind a set of other diagno-
ses: hypotrophy, dermatitis, streptoderma, dehy-

dration, etc. These dia gnoses do not refl ect the 
true causes of the identifi ed diseases and, conse-
quently, do not provide grounds for a response 
from relevant agencies. Thus, cases of deteriora-
tion in the health of minors as a result of medical 
neglect (neglected forms of diseases, disability, 
etc.) remain in the "invisible zone". Due to regu-
latory and legal uncertainty in unifi cation of such 
diagnoses, parents and legal representatives ne-
glecting medical assistance often escape further 
investigation as such cases are rarely reported 
by medical professionals [74]. In light of the in-
creased attention to the qua lity of medical care 
provided to the population, this gap has negative 
legal consequences, fi rst of all, for medical wor-
kers and medical organizations themselves, as 
parents (or legal representatives) can fi le a com-
plaint with the prosecutor's offi  ce that medical 
care was improperly provided.

Violence has long been overlooked as a public 
health problem because it is an extremely vague 
and complex phenomenon. What is acceptable 
and what is unacceptable in human behavior, what 
is considered harm or damage, depends on the 
cultural and legal norms that exist in a certain so-
ciety and is constantly being revised as values and 
social norms change. Nevertheless, health care in-
stitutions (along with educational institutions) are 
the fi rst line to see the signs of child abuse. They 
play a critical role in identifying and overcoming 
the child abuse syndrome. To do so, educators 
and physicians must be both familia rized with the 
problem and be aware to take measures in order 
to stop child abuse and protect children's rights.

Thus, an interdisciplinary approach involving 
socio-legal staff , educators and physicians of all 
specialties is necessary to prevent and detect child 
abuse and its consequences which infl uence on 
psycho-emotional state, social adaptation, child 
morbidity and mortality, traumatism and disabi-
lity. Attentive attitude to a small patient, improve-
ment of methods for assessing the health status 
of children as well as a revision of modern anthro-
pometric height-weight and functional indicators 
in diff erent age groups play a great role not only 
in therapeutic and diagnostic purposes, but also 
in the production of forensic medical examina-
tions in cases of child abuse. It is also extremely 
important to observe examination standards and 
regulations regarding the description of injuries 
for further forensic examination as it allows inves-
tigative authorities to qualify the act and admi-
nister justice.
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INTRODUCTION
The widespread of acute respiratory infec-

tions (ARIs) is an urgent medical and socio-eco-
nomic problem. The medical science is extremel-
ly intrested in ARI due to its high incidence rate 
and  risks of complications. ARI invloves all age 
groups in the epidemic process, as well as caus-
es the most significant economic damage in 
the structure of all infectious pathology [1, 2]. 
Recurrent acute respiratory infections in chil-
dren deserve special attention, as they create 
significant discomfort for patients’ the families 
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and pose serious challenges for physicians. It 
seems expedient to separate children with rec-
curent respiratory tract infections into a sepa-
rate group of dispensary observation in order to 
develop a set of health-improving measures for 
reducing morbidity [3]. However, developed re-
habilitation programs did not show expected re-
sults. The analysis showed that health-improving 
measures for children with recurrent respiratory 
tract infections are often insufficiently effective 
as they miss an individual approach in therapy 
and prevention [4].
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GENERAL INFORMATION AND 
TERMINOLOGY

Acute respiratory infections are diseases man-
ifested by catarrhal infl ammation of the upper 
respiratory tract and occurring with fever, runny 
nose, cough, sore throat, and general impairment 
of varying severity. In most cases, ARIs are self-lim-
iting diseases that end with complete recovery of 
a patient [1].

Frequently ill children (FIC) is a group of dis-
pensary observation that includes children sus-
ceptible to frequent infections of the upper and 
lower respiratory tract due to transient, correcta-
ble disfunctions of imune systems without persis-
tent organic disorders [3].

In 1986 V.Y. Albitsky and A.A. Baranov [5] pro-
posed to include patients into FIC group if the fol-
lowing criteria are met:

Age Recurrent RTI during 
one year

Children under 1 year old 4 times and more

Children from 1 to 3 years 
old

6 times and more

Children from 4 to 5 years 
old

5 times and more

Choldren older than 
5years old

4 times and more

Chronically ill children — RTI lasts longer than 
14 days

Infection index (II) and resistance index (J) was 
also proposed as a criterion for inclusion:

• II is defi ned as the ratio of the sum of all cases 
of ARI during one year to the age of a child. 
The II in the group of children with FIC varies 
from 1.1 to 3.5; among rarely ill peers it ranges 
from 0.2 to 0.3;

• J is defi ned as the ratio of the number of all 
cases of ARI to the number of months of fol-
low-up. Infants under 1  year of age can be 
referred to FIC group if J is ≥ 0.33; however, 
according to other authors, it must be at least 
0.5 [6].

According to the World Health Organization 
(WHO) and a number of foreign pediatric schools, 
healthy toddlers tolerate up to 8 episodes of ARI per 
year. If the incidence is higher, recurrent respirato-
ry tract infections (RRTIs) are considered. RRTIs are 
repeated, recurrent upper respiratory tract infec-
tions in the absence of any underlying pathologic 
condition [7, 8]. It is proposed to classify a child into 
RRTI group if the following criteria are present:

Age Recurrent RTI during 
one year

Children under 1 year old 7 times and more

Children from 1 to 3 years 
old

8 times and more

Children over 3 years old 6 times and more

Recurrent acute otitis media, rhinosinusitis — three 
episodes within 6 months or four episodes within 
12 months

Recurrent pharyngotonsillitis — six episodes within 
12 months

According to Russian authors, FIC make up 14–
18 % of the total child population, although there 
might be higher (up to 50 %) rates. Preschoolers 
amount up to 50 % of FIC; younger schoolchil-
dren — 15 %; adolescents — 10 % [9–11].

In 2021, leading specialists of Italian Medical 
Associations — pediatricians, pediatric infec-
tious disease specialists, allergists, immuno-
logists, hematologists, oncologists, geneti-
cists and otorhinolaryngologists published the 
Intercommunity Consensus [12]. The paper is 
based on the results of 213 clinical studies pub-
lished on PubMed and Embase electronic re-
sources between 2009  and 2019. The authors 
estimate that about 25 % of infants under 1 year 
and 6 % of children under 6  years suffer from 
RRTIs. Harmonized criteria for defining patients 
with RRTIs vary by age and cannot be applied to 
infants under 1 year.

Age Frecuency of polytopic 
respiratory infections

1–3 years  ≥ 6 respiratory tract infections (1 of 
which may be pneumonia, including 
severe pneumonia) within a year, or

2 mild cases of pneumonia, confi rmed 
by clinical criteria and/or radiologically 
within a year

3–6 years  ≥ 5 и5 respiratory tract infections (1 of 
which may be pneumonia, including 
severe pneumonia) within a year, or

2 mild cases of pneumonia confi rmed 
by clinical criteria and/or radiologically 
within a year

6–12 yaers  ≥ 3 respiratory tract infections (1 of 
which may be pneumonia, including 
severe pneumonia) within a year, or

2  mild cases of pneumonia confi rmed 
by clinical criteria and/or radiologically 
within a year
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Age Frecuency of polytopic 
respiratory infections

Frequency 
of specifi c 
respiratory 
diseases

 > 3 episodes of acute pharyngotonsilli-
tis within a year

 > 3 episodes of acute otitis media in 
6 months and > 4 within a year

 ≥ 2 2 episodes of severe pneumonia 
confi rmed by clinical criteria
and/or radiographically within a year

 > 4 episodes of acute sinusitis (pro-
bably bacterial) within a year

Pneu-
monia 
severity 
indicators

Mild and moder-
ate-severe :
tempera-
ture < 38.5 °C;
• respiratory 

rate < 50 breaths/
min

• light respiratory 
distress;

• no vomiting

Severe:
• tempera-

ture > 38,5 °C;
• respiratory rate 

 > 50 breaths/
min;

• severe respira-
tory distress;

• tension of the 
nose wings;

• cyanosis;
• grunting;
• signs of dehy-

dration;
• tachycardia;
• capillary refi ll 

time > 2

The consensus authors emphasize that RRTI is a 
diagnosis of exclusion of other chronic conditions 
such as genetic disorders, cystic fi brosis and CFTR-
pathies, primary immunodefi ciencies, malforma-
tions of the cardiac and respiratory systems, neu-
romuscular disorders, etc. The Commission also 
prepared fi rst, second and third level research de-
signs recommended on the basis of clinical and an-
amnestic picture and practical algorithm.

PREREQUISITES FOR THE RECURRENT 
RESPIRATORY PATHOLOGY

Numerous factors of various genesis may infl u-
ence on RRTI formation [13, 14]. The majority of 
authors mention following most common exog-
enous factors:

• low level of hygiene and sanitary culture in 
the family;

• low level of material well-being and unfavora-
ble social and living conditions;

• early socialization of the child (attendance of 
preschool institutions, mass events, develop-
mental activities, etc.);

• unfavorable environmental conditions (ex-
treme climatic factors, air pollution, passive 
smoking, etc.);

• irrational use of medicines (antipyretic drugs, 
antibiotics, etc.);

• malnutrition (early formula feeding, failure to 
introduce complementary foods at the right 
time, restrictive diets, etc.)..

Endogenous unfavorable factors include:
• unfavorable ante-, intra- and early postnatal 

periods (prematurity, morphofunctional im-
maturity, perinatal pathology, etc.);

• background conditions (rickets, iron defi -
ciency anemia, lymphatic-hypoplastic type of 
constitution, hyperplasia of lymphoid organs, 
etc.);

• aggravated family history of allergic pathology;
• defi ciency of vitamins (A, D, E, C, etc.), micro-

nutrientst (iron, iodine, selenium, zinc, etc.), 
polyunsaturated fatty acids;

• malabsorption syndrome;
• disorders of the microbiocenosis.
Morphological features of respiratory tarct or-

gans deserve special attention among other en-
dogenous factors. They intensively grow and dif-
ferentiate during the fi rst years of life. By the age 
of 7  years, the formation of respiratory tarct or-
gans ends, and thereafter there is only an increase 
in their size [13, 14].

Morphologic structure of the respiratory tract 
organs in young children have following peculia-
rities:

• thin, easy-to-remove mucous membrane;
• underdeveloped mucus-producing glands;
• reduced production of immunoglobulin A 

and surfactant;
• capillary-rich submucosa layer, consisting 

mainly of loose fi ber;
• soft, pliable cartilaginous framework of the 

lower respiratory tract;
• insuffi  cient amount of elastic tissue in the air-

ways and parenchyma.
Most frequently RRTI in children develops due 

physiologic immaturity of their immune system. 
The development of the immune system contin-
ues throughout childhood. During active growth 
and development, "critical" periods may be distin-
guished, which are characterized by high risks of 
inadequate or paradoxical reactions of the immune 
system when interacting with antigens [15, 16].

The fi rst critical period lasts from the moment 
of birth to the end of the fi rst month (the neona-
tal period). The immune system of a newborn is 
suppressed, although passive immunity is provi-
ded by maternal antibodies; the phagocytosis sys-
tem has not been developed yet. Newborns show 
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weak resistance to opportunistic, Gram-negative 
fl ora, so they have a tendency to generalization of 
microbial-infl ammatory processes, and high sen-
sitivity to viral infections.

The second critical period (4–6th month of 
life) is characterized by the loss of passive immu-
nity due to catabolism of maternal antibodies. 
The primary immune response after a penetrated 
infection develops with the help of IgM antubo-
dies and leaves no immunological memory. The 
same type of immune response develops after 
vaccination, and only revaccination forms a sec-
ondary immune response with the production of 
IgG antibodies. Later accumulation of secretory 
IgA leads to insufficient local defense of mucous 
membranes. Incompleteness of local immunity 
system is manifested by repeated ARI, intestinal 
dysbiosis, skin diseases. Such children are highly 
susceptible to parainfluenza viruses, respirato-
ry syncytial viruses, rotaviruses and adenovirus-
es. Many hereditary diseases, including primary 
immunodeficiencies, make their debut. The inci-
dence of food allergies increases dramatically.

The third critical period (2nd year of life) co-
incides with a significant expansion of child's 
contacts with the outside world. An incomplete 
primary immune response to many antigens 
persists: IgM synthesis predominates, and IgG 
synthesis suffers from insufficient production 
of one of the most important subclasses  — G2 
(antibacterial defense). The system of local im-
munity remains imperfect due to low levels of 
secretory IgA. Many primary immunodeficien-
cies, autoimmune and immunocomplex diseases 
are manifested for the first time; high sensitivity 
of children to recurrent viral and microbial-in-
flammatory diseases of respiratory and otorhi-
nolaryngological organs remains. Manifestations 
of food allergy gradually weaken.

A characteristic feature of the fourth critical 
period (6th–7th years of life) is that the average 
concentration of IgG and IgM in the blood is close 
to the level of adults; the level of IgA is still lower, 
which is associated with insufficient local protec-
tion of mucous membranes. The content of IgE in 
blood plasma reaches the maximum level com-
pared to other age periods, which is obviously 
associated with the high prevalence of parasitic 
infections — giardiasis, helminthiasis. High level 
of IgE and low level of IgA is a risk factor for the 
formation of many chronic diseases of polygenic 
nature, including allergic diseases. Sensitivity to 
infectious diseases remains high as well.

The fifth critical period is adolescence (12–
15 y. o.); it takes place during active hormonal 
cahnges. Pubertal growth spurt is combined 
with a decrease in the volume of lymphoid or-
gans, and the beginning of the secretion of sex 
hormones (including androgens) is the cause of 
suppression of cellular mechanisms of immuni-
ty; the content of IgE decreases. There is a high 
sensitivity to viral infections, mycobacterium tu-
berculosis.

ETIOPATHOGENETIC MECHANISMS 
OF RECURRENT RESPIRATORY PATHOLOGY

Up to 90 % of ARI cases are caused by RNA- and 
DNA-containing viruses (more than 300 species), 
but the etiologic structure of pathogens is incon-
stant and can change even during one epidemic 
season. 55–60 % cases of ARIs remain unidenti-
fi ed. Studies doveted to ARI etiology determined 
following agents: rhinoviruses (30–50 %), corona-
viruses (10–15 %), infl uenza pathogens (5–15 %) 
which privailed, and entero-, adeno-, respiratory 
syncytial and parainfl uenza viruses which were 
detected less frequently (from 2  to 5 % in each 
group) [3, 16–18].

Herpes-virus infections play a major role in 
the etiology of RRTIs. Cytomegalovirus (CMV), 
Epstein-Barr virus (EBV) and human herpes virus 
type VI predominate. Due to the complex strate-
gy of antagonizing and eluding the host immune 
system, it becomes possible for herpetic viruses 
to remain in the human body for a long period of 
time. Herpes simplex virus is a weak inducer of in-
terferon (IFN), so inactivation of viral DNA inside 
cells does not occur and the virus persists in the 
cell for a long time. CMV causes destruction of 
macrophages, sharply suppresses the activity of 
killer cells, inhibits IFN production and persists in 
leukocytes and phagocytes for a long time, caus-
ing immunodefi cient states. The EBV genome is 
encapsulated in a nucleocapsid, which is covered 
with the glycoprotein tagument gp350, which is 
a receptor interaction factor. The virus penetrates 
into B-lymphocytes through these receptors. EBV 
is also able to evade immune surveillance during 
acute infection and reactivation, resulting in viral 
persistence. In addition, the immunosuppressive 
eff ect of EBV contributes to activation of second-
ary fl ora, involving the digestive system and naso-
pharynx in the pathological process. Herpes virus-
es and adenoviruses persist in 20–30 % of children 
with RRTI during the period of clinical recovery 
[19, 20].
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In recent years, new subtypes of coronavirus 
(SARS-CoV, HCoV-NKU1, HCoV-NL63, MERS-CoV, 
SARS-CoV-2) have taken a special place among 
severe infections with respiratory tract involve-
ment. Severe epidemics of coronavirus infection 
in 2002 and 2012, and the pandemic of 2019 have 
placed them on the leading position among all in-
fections with respiratory system involvement [12].

The current etiology of acute respiratory in-
fections often includes several pathogens, name-
ly mix infections (10  to 70 %) of respiratory and 
herpes viruses, followed by bacterial infection. 
Bacteria (Streptococcus pneumoniae, Haemophilus 
infl uenzae, Staphylococcus aureus, Pseudomonas 
aeruginosa, Klebsiella pneumoniae, etc.), chlamy-
dia (Chlamydia psittaci, Chlamydia pneumoni-
ae) and mycoplasmas (Micoplasma pneumoniae, 
Micoplasma hominis) can also be causative agents 
of ARI. In children aged 3–6  years, associations 
with streptococcal (16 %), mycoplasma (10 %) and 
chlamydia (4 %) infections were noted, the course 
of which is accompanied by pathologic prolifer-
ation of lymphoid tissue (in 84 %) and abundant 
growth of opportunistic bacterial pathogens in 
half of the patients. In 5–10 % of cases there is a 
development of bacterial or viral-bacterial res-
piratory infections due to changes in the micro-
biota of the respiratory tract, impaired mucosal 
defense (mucociliary clearance, MALT) and super-
infection with bacterial pathogens [21, 22].

The organism responds to an ARI pathogen 
with  complex defense-adaptive reactions aimed 
at limiting its reproduction and subsequent elim-
ination, and fi nally  — at complete restoration 
of resulting structural and functional disorders. 
Repeated attacks of viruses and bacteria lead to 
stress, further exhaustion of the immune system, 
disorders of compensatory-adaptation mecha-
nisms and reduction of immunity resistance, 
which contributes to the chronicization of the 
process. Thus, the developped immunologic in-
suffi  ciency is a pathologic background that forms 
a group of children with RRTI [1, 10, 11].

Children with RRTIs have increased suscepti-
bility to pathogens due to a shift of the immune 
response towards the Th2-type, simultaneously 
local immunity of respiratory mucous membranes 
is suppressed as evidenced by lower level of IgA 
in saliva. Spontaneous hyperproduction of proin-
fl ammatory interleukins (IL-2, IL-4), including in-
terleukins involved in infl ammation chronization 
(IL-6  and IL-8), is accompanied by an increase in 
their concentrations in serum, a defi ciency of 

immunoglobulins, a decrease in cellular cyto-
toxicity (a decrease in the number of activated 
CD8DR + cells), as well as an increase in the num-
ber of cells expressing apoptosis-inducing recep-
tors. In addition, the overwhelming majority of 
children with RRTI show abnormalities in their 
interferon system. It was found that an adequate 
content of IFN in serum is accompamnied by a de-
crease in induced production of alpha- and gam-
ma-interferons, which refl ects the insuffi  ciency of 
reserve capabilities. Children with RRTI also have 
dysfunction in the phagocytosis system, charac-
terized by lower levels of phagocytosing neutro-
phils and cells expressing adhesion molecules (CD 
11b), which largely explains their high susceptibil-
ity to reccurent respiratory infections and propen-
sity to bacterial complications [23, 24].

The epithelial structures of airway mucosa per-
form one of the main protective functions. Viral 
infections damage the cilia that covers the nasal 
and pharyngeal mucosa, forming areas of "bald-
ness". A single exposure to viral agents is revers-
ible, whereas frequent exposures violate regen-
erative processes of the mucosa which forms a 
transitional type of epithelium and facilitate fur-
ther infi ltration by phagocytes and lymphocytes. 
The damaged basal membrane and the lami-
na propria of the mucosa provoke the release 
of transforming growth factor β by fi broblasts, 
which leads to hyperplasia of lymphoid tissue. 
Some viruses with tropism to lymphoid tissue (ad-
enoviruses, herpes viruses) inhibit the apoptosis 
of lymphocytes; as a result, there is a marked hy-
pertrophy of tonsils and lymph nodes. Persistent 
infl ammatory process during RRTIs predisposes 
to the development of secondary bacterial micro-
fl ora on the nasal and nasopharyngeal mucosa, 
forming a combined viral-bacterial pathogenic 
fl ora, which also causes hypertrophy of lymphoid 
tissue [25]. The lymphatic pharyngeal Waldeyer’s 
ring perform a barrier function and participate 
in the formation of local and systemic immunity. 
Hypertrophy of nasopharyngeal lymphoid organs 
in children is a response to respiratory antigen-
ic viral-bacterial load and is currently considered 
as a physiological process of immune system for-
mation in preschool children. However, when the 
resistance of lymphoid organs is reduced, path-
ogenic microorganisms are able to persist for a 
long time, forming bacterial biofi lms [1, 16, 26].

Recurrent respiratory infections, especially in 
early childhood (before the beginning of active 
socialization), require the exclusion of various 
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hereditary, congenital or acquired pathologies 
(cystic fibrosis, malformations of bronchopulmo-
nary and cardiovascular systems, otorhinolaryn-
gological organs, gastroesophageal reflux dis-
ease, primary immunodeficiencies, etc.) [10, 27].

The conducted examinations revealed that 
children with RRTIs did not have persistent im-
munologic changes, however primary immuno-
defi ciencies were verifi ed in 74 % of patients with 
a combination of recurrent viral and recurrent 
bacterial infections . In most cases, there were 
non-critical (small) B-cell defects of the immune 
system (selective IgA defi ciency, IgG subclass 
defi ciency, selective antibody formation defect, 
transient lower levels of immunoglobulins in chil-
dren). In isolated cases such severe primary im-
munodefi ciency conditions as agammaglobuline-
mia, hyper IgM syndrome have been detected in 
children with RRTIs [10, 18]. It was also shown that 
40 % of patients with isolated recurrent viral infec-
tions and 23 % of children with a combination of 
recurrent viral and bacterial infections had bron-
chial asthma under the mask of RRTI [28]. It should 
be taken into account that children with RRTIs of-
ten have anxiety and general emotional tension, 
which cause overstrain of the body's psychophysi-
ological systems, the early signs of which manifest 
in the form of psychosomatic syndromes, includ-
ing decreased reactivity and increased frequency 
of illness [6].

POSSIBILITIES OF REHABILITATION 
FOR CHILDREN WITH RECURRENT 
RESPIRATORY PATHOLOGY

When treating a patient with RRTI, it is nec-
essary to detail a family history, identify features 
of intrauterine and early postnatal development, 
clinical manifestations of diseases, epidemiologi-
cal and social conditions, which allows to choose 
the right vector searching for the provoking fac-
tors [29].

Rehabilitation of patients with RRTI should in-
clude:

• optimal daily and nutritional regimen;
• a full age-appropriate diet;
• regular cold exposure trainings and physical 

exercises;
• suffi  cient stay in the fresh air;
• normalization of psychological and social 

conditions;
• individualized drug therapy,
• scheduled vaccination and non-specifi c im-

munological prophylaxis.

Specifi c immunization helps to reduce the risk 
of frequent and/or severe diseases in toddlers and 
preschool children. Vaccination against infl uen-
za and the most signifi cant bacterial infections 
(Pneumococcus and Haemophilus infl uenzae 
type B) has shown high eff ectiveness in reducing 
the incidence in children [30].

The data accumulated indicates that the col-
onization of host biotopes by microfl ora repre-
sents a complex ecosystem of metabolic homeo-
stasis and immune tolerance in humans. There is 
no doubt about an obvious relationship between 
health status and a gut microbiota, as it plays a 
crucial role in maintaining metabolic and immu-
nobiologic functions and homeostasis of the or-
ganism as a whole [31]. Topical application of an-
tiseptics and local or systemic antibiotic therapy 
negatively aff ect the microbiome of thildren with 
RRTIs, as it disrupts the qualitative composition 
and diversity of the child's intestinal microbiota 
for a long time [32]. It is recommended to pre-
scribe patients with RRTIs:

• probiotics (eubiotics)  — live microorgan-
isms, their use in the required amount has a 
therapeutic and preventive eff ect; the basic 
mechanisms of interaction between probiotic 
bacteria and a host immune system are cur-
rently considered in the context of infl uenting 
on the balance of Th1/Th2/Th17/Treg-subpo-
pulations. The interaction of ligand-receptor 
systems are also considered as it provides im-
mune tolerance and anti-infective response of 
the macroorganism;

• prebiotics, which selectively stimulate the 
growth of symbiotic microorganisms in the 
large intestine;

• synbiotics (a combined drug containing sev-
eral strains of obligate microfl ora, vitamins, 
lysozyme, complex multivalent immunoglo-
bulins).

It is recommended to prescribe patients with 
RRTI immunostimulating agents — drugs that en-
hance immune response in conditions of weak-
ened immune system [9, 15, 33]. Following drugs 
are more often used in pediatric practice:

• bacterial lysates;
• herbal preparations;
• interferons;
• inducers of interferon production.
Since there is no vaccination against the major-

ity of ARI pathogens, bacterial lysates (a mixture 
of antigens of various inactivated bacteria that are 
the most common ARI pathogens) have been pro-
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posed for the prevention of upper respiratory tract 
diseases. Bacterial lysates have a dual purpose: 
specifi c (forming a selective immune response 
against specifi c pathogens) and nonspecifi c (im-
munostimulatory — activation of key mechanisms 
of innate and adaptive immunity). Bacterial lysates 
can be prescribed both in the acute period and 
for prevention. In the acute period of respiratory 
infections, it is more eff ective to prescribe bacte-
rial lysates in combination with appropriate etio-
tropic therapy [34]. The most well-known bacteri-
al lysate preparations on Russian drug market are 
IRS-19, Ismigen®, Imudon, OM-85 (Broncho-Munal, 
Broncho-Vaxom).

Herbal preparations (ginseng, eleutherococ-
cus, thyme, echinacea, honey, rhodiola rosea, milk 
thistle, chicory, ginger root, birch buds, etc.) con-
tain natural immunomodulators. They should be 
recommended for use in pediatric practice with a 
certain degree of caution, since these drugs may 
cause allergic reactions, especially in sensitized 
children with RRTI [35].

The modern program of RRTI prevention and 
treatment of FIC may include pathogenetically 
justifi ed therapeutic measures with immunotro-
pic eff ects. Preparations containing interferon α2b 
(Viferon®, Kipferon®, Grippferon), prevent the at-
tachment and multiplication of pathogens on the 
airway mucosa as it suppresses viral nucleic acid 
replication and, at the same time, increases the 
formation of IgA-antibodies. Moreover, phagocy-
tic activity of macrophages rise along with specifi c 
cytotoxicity to target cells of lymphocytes [36].

The use of interferon production inducers is 
promising concerning RRTI prevention. Interferon 
production inducers include heterogeneous na-
tural and synthetic compounds with high and low 
molecular weight united by their ability to acti-
vate the production of α-, β- and γ-classes of en-
dogenous IFNs. At the same time, their synthesis 
is under control of interleukins and repressor pro-
teins and does not reach the level that can have a 
da maging eff ect on the body. Moreover, each in-
ducer stimulates IFN synthesis in certain cells that 
have appropriate receptors [9, 13, 15]. IFN indu-
cers with immunotherapeutic eff ect include natu-
ral low molecular weight polyphenols — gossypol 
derivatives (megasin, kagocel, savraz, rogasin, go-
salidone), and polymers — double-helical RNA (la-
rifan, ridostin). The group of synthetic compounds 
includes fl uorenones and acridanones (amyxin, 
cycloferon, neovir), and polymers (semidan, amp-
ligen, polyagucil).

A certain tactic of RRTI treatment has deve-
loped, which consists in the sequential use of 
drugs with antiviral activity, IFN and IFN inducers. 
Drugs capable of inhibiting viral replication should 
be prescribed during the acute period of viral in-
fections. After acute symptoms and viremia have 
gone (a subacute period or a recovery period) it is 
advisable to use IFN inducers in combination with 
recombinant IFNs to stimulate the processes of im-
mune activation [36].

In a number of cases, the eff ectiveness of such 
recovery measures will be insuffi  cient if RRTIs are 
associated with primary immunodefi ciencies, cy-
topenic conditions, allergies and gastropathology, 
lack of micronutrients, etc., since special therapy is 
required  in these cases [10, 37].

Clinical and diagnostic examination of patients 
with RRI should include:

• examination for latent allergies;
• examination for opportunistic infections (her-

pes viruses);
• examination of interferon status;
• examination of local cytokine status.
The minimum examination complex for chil-

dren with RRTI should include consultations of 
otorhinolaryngologists, allergologists, gastroen-
terologists.

PREVENTIVE HEALTH CHECK-UPS 
FOR CHILDREN WITH RECURRENT 
RESPIRATORY PATHOLOGY

Children with recurrent respiratory diseases 
require a paediatric check-up in health group II 
(Russian system of classifi cation according to 
child’s health grounds). Accordingly, a prevention 
program is developed for such kids:

• after recovering from ARI, the child is exemp-
ted from physical education lessons for 
10 days, then a physical education class with 
reduced exercise load is recommended;

• a pediatrician examines the child four times a 
year;

• examination by an otorhinolaryngologist and 
a dentist — 2 times a year, other specialists — 
as indicated;

• clinical blood tests and common urine tests — 
2 times a year;

• a biochemical blood test and an immuno-
gram — as indicated.

A child is removed from the regular medical 
check-up list when the frequency of ARIs at the 
age of up to 3 years is up to 4 times; 3–5 years — 
up to 3 times; 5–7 years — up to 3 times in a year 
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and the duration of one episode of illness decreas-
es to 8 days or less [35].
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The term "colic" (colicos) means "pain in the 
large intestine". Colic is an attack-like pain in the 
abdomen accompanied by marked restlessness 
and crying of an infant in the fi rst months of life [1].

A meta-analysis (2017) included 28  diary stu-
dies covering 8690  infants, showed that the av-
erage daily duration of crying in infants amounts 
from 117  to 133  minutes per day in the fi rst 
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6 weeks of life, and to 68 minutes per day — from 
10  to 12  weeks of life [2]. The WhyCry 2G crying 
analyzer identifi es fi ve reasons for infant crying: 
hunger, boredom, pain, sleep and stress. It is es-
timated that less than 5 % of infants have iden-
tifi able medical explanations for their crying [3]. 
Unreasonable infants’s cry began to attract the 
attention of the medical community since the 
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1890s. For the fi rst time, an infantile colic (IC) was 
described by M. Wessell et al. in the 1960s [4]. The 
criteria proposed by M. Wessell et al. were used to 
diagnose colic for a long time. The criteria consists 
of the so-called rule of three: crying for 3 hours a 
day or more (usually not longer than 1 hour), at 
least 3 days a week, for 3 consecutive weeks; age 
from 6 weeks to 3–4 months; a good general con-
dition: children have good weight gain, maintain 
a positive emotional attitude, good appetite, nor-
mal stools; possible infrequent regurgitation; ab-
sence of "anxiety symptoms". Clinical practice has 
shown that it was hard for parents to evaluate pe-
riods of crying and anxiety retrospectively, thus 
the Wessell criteria were considered inappropri-
ate for practical use since they were associa ted 
with certain diffi  culties and diagnostic errors. 
According to the Rome IV criteria revision com-
mittee, the Wessell criteria are random, culturally 
independent, impractical, and do not refl ect the 
impact of the child's symptoms on the family. For 
this reason, the new clinical criteria are based on 
symptoms that have been shown to cause more 
discomfort for parents. In addition, the Rome 
IV criteria extended the age of IC dia gnosis to 
5 months [5]. Thus, for clinical purpo ses, the diag-
nostic criteria should include following features: 
an infant under 5  months old at the beginning 
and end of symptoms; recurrent and prolonged 
periods of crying, restlessness, or irritability re-
ported by caregivers, occurring for no apparent 
reason and that cannot be prevented or man-
aged by caring adults; no evidence of develop-
mental delay, fever, or illness with clinical signs, 
i.e., "red fl ags" or "anxiety symptoms" [5]. "Anxiety 
symptoms" indicate organic diseases manifesting 
itself in fever, persistent regurgitation including 
cou ghing fi ts, absence of weight gain, mucus and 
blood in stools, passive abdo minal wall tension, 
refusal to eat, abdominal bloating, signs of atopic 
dermatitis and persistent constipation.

IC is defi ned as one of the most common com-
plaints that parents adress to primary care physi-
cians [6, 7]. A recently published systematic review 
(2020) reported colic incidence rates ranging from 
2  to 73 % [8]. Symptoms peak around the sixth 
week of life and cease naturally after 4–6 months 
of age [9], allowing it to be considered a benign, 
self-healing condition.

The need to treat this self-healing condition 
stems from the negative impact of excessive cry-
ing on an infant's family. Prolonged infant crying 
is harmful to sibling-parent relationships [10], is 

associated with maternal problems such as de-
pression, anxiety, and loss of parental confi dence 
[11, 12], is a frequent cause of early cessation of 
breastfeeding [13], and can lead to severe in-
fant injury or death due to abuse [14]. A second 
important argument for the treatment of colic is 
the presence of its long-term consequences, such 
as migraine, sleep and behavioral disorders, hy-
peractivity, decreased intelligence and cognitive 
disorders, eating disorders, atopic diseases and 
functional gastrointestinal (GI) diseases [15–18]. 
Knowledge of IC pathogenesis is necessary for se-
lecting an adequate therapy.

Infantile colic has a multifactorial pathogene-
sis. Physiologic imbalance in the development of 
the central nervous system explains the time of 
IC manifestation. At the age of 2  months, brain 
systems tolerate changes, as a result refl ex mech-
anisms supervising behavioral responses are re-
placed by a system of control proceeded by the 
cerebral cortex. Many authors believe that incon-
solable crying, which is noted in infantile colics, 
is a consequence of transient behavioral re-
sponse defi cits in the fi rst 2 months of life [19, 20]. 
Complex interactions between behavioral factors 
(psychological and social) such as postpartum de-
pression, parental anxiety, stressful pregnancy, 
adverse experiences during delivery, poor par-
enting skills [24–26], alterations from the endoge-
nous opioid system and neuropeptide regulation 
[27–31], as well as nutritional factors (hypersen-
sitivity or food allergy, especially allergy to cow's 
milk proteins) [28, 30], immaturity of gastrointes-
tinal tract (GIT) [21, 24, 32], excessive intestinal 
gases [21, 24], imbalance of intestinal hormones 
and impaired intestinal motility [31, 32], changes 
in the intestinal microbiota [33, 34], disruption of 
the microbiota-brain axis [35], impaired intestinal 
permeability and low intensity infl ammation [22, 
36, 37] are among numerous mechanisms that 
play a role in the pathogenesis of colic.

The role of the gut microbiota has the grea test 
evidence base in the colic pathogenesis. Table 
1 summarizes studies examining the quantitative 
and qualitative composition of the microbiota in 
children with and without IC.

Despite the diversity of results, most resear-
chers indicate a low qualitative diversity of intes-
tinal microbiota in children with colic compared 
to the microbiota of children without colic dur-
ing the fi rst 2  weeks of life [39]. Other studies 
suggest the presence of certain microorganisms 
in the gut microbiota associated with increased 
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Table 1. Studies of microbiota composition in children with colic and healthy infants

Таблица 1. Исследования состава микробиоты у детей с коликами и здоровых младенцев

Автор / Author Метод / Method Результаты / Results

Savino et al., 
2004 [38]

Культуральный / Cultural Младенцы с коликами имеют более высокие показатели 
и плотность кишечной палочки и других газообразующих 
кишечных палочек и более низкие уровни Lactobacillus spp. по 
сравнению со здоровыми младенцами / Colicky infants have 
higher counts and densities of E. coli and other gas-forming coliforms 
and lower levels of Lactobacillus spp. compared to healthy babies 

Savino et al., 
2009 [39]

Культуральный + ПЦР / 
Culture + PCR 

Escherichia coli, Klebsiella pneumoniae, K. oxytoca, Enterobacter clo-
acae, E. aerogenes и Enterococcus faecalis были преобладающими 
видами у младенцев с коликами / Escherichia coli, Klebsiella 
pneumoniae, K. oxytoca, Enterobacter cloacae, E. aerogenes and En-
terococcus faecalis were the predominant species in colicky infants

Mentula S., 
2009 [40]

Культуральный  + анализ 
клеточных жирных 
кислот, КЦЖК и 
производства газов /
Culture  + analysis of 
cellular fatty acids, SCFAs 
and gas production

Распространенность индолпродуцирующих колиформ была 
значительно выше у младенцев с коликами по сравнению 
с контрольной группой, в то время как многие аэробные 
роды, присутствующие в контрольной группе, не были 
обнаружены у младенцев с коликами / The prevalence of 
indole-producing coliforms was signifi cantly higher in colicky in-
fants compared with controls, while many aerobic labors present 
in controls were not found in colicky infants

de Weerth С., 
2013 [41]

Молекулярные методы / 
Molecular methods 

Colic phenotype was positively correlated with Serratia, Vibrio 
and Pseudomonas content / Фенотип колик положительно 
коррелировал с содержанием Serratia, Vibrio и Pseudomonas

Rhoads J.M., 
2018 [42]

Секвенирование ДНК / 
DNA sequencing

Таксоны, которые в значительной степени связаны с коликами: 
Acinetobacter, Lactobacillus iners. Снижение относительного 
содержания бифидобактерий в среднем в 30 раз / Taxa sig-
nifi cantly associated with colic: Acinetobacter, Lactobacillus iners. 
Reduction in the relative content of bifi dobacteria by an average of 
30 times

Loughman A, 
et al., 2021 [43]

Секвенирование 16S 
рРНК / 16S rRNA sequen-
cing

Альфа-разнообразие фекальной микробиоты не имело 
существенной связи с плачем. Несколько таксонов 
микробиоты (включая Bifi dobacterium, Clostridium, Lactobacillus 
и Klebsiella) связаны с тяжестью колик / Alpha diversity of fecal 
microbiota was not signifi cantly associated with crying. Several 
microbiota taxa (including Bifi dobacterium, Clostridium, Lactoba-
cillus, and Klebsiella) are associated with colic severity

Kozhakhme-
tov S., 2023 [44]

Полное метагеномное 
секвенирование 
образцов кала / Whole 
metagenomic sequenc-
ing of stool samples 

В группе колик обнаружено относительное изобилие Bifi do-
bacterium и обогащение Bacteroides Clostridiales, в то время как 
микробное биоразнообразие в этой группе было обогащено 
/The colic group revealed a relative abundance of Bifi dobacterium 
and an enrichment of Bacteroides Clostridiales, while microbial 
biodiversity was enriched in this group 

Новикова В.П., 
2023 [37] /
Novikova V.P., 
2023 [37]

Метод газовой 
хроматографии-масс-
спектрометрии по 
Г.А. Осипову образцов 
кала / Method of gas 
chromatography-mass 
spectrometry of fecal 
samples according to 
G.A. Osipov 

В группе колик значимо выше уровень Acinetobacter spp, No-
cardia spp. и Micromycetes spp. по сравнению со здоровыми / In 
the colic group, the level of Acinetobacter spp., Nocardia spp. and 
Micromycetes spp. was signifi cantly higher compared to healthy 
people 

Note: SCFAs — short-chain fatty acids; PCR — polymerase chain reaction.

Примечание: КЦЖК — короткоцепочечные жирные кислоты; ПЦР — полимеразная цепная реакция.
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crying duration in infants up to 3–4  months of 
age. These microorganisms include the family 
of gram-negative bacteria (Proteobacteria phy-
lum), among which Escherichia, Klebsiella, and 
Proteobacteria species were predominant in stool 
samples of infants with colic [39, 42, 45]. Along 
with these microorganisms, Serratia, Yersinia, and 
Vibrio species were found in children with colic 
at the age of 2–4  weeks of life [42]. Two studies 
revealed signifi cant diff erences in the content of 
Acinetobacter spp. [37, 42]. The fi rst pathogene tic 
mechanism in IC connected  with the increased 
content of Gram-negative opportunistic bacte-
ria is excessive gas production as a result of fer-
mentation of lactose, other carbohydrates and 
proteins. The second possible mechanism is an 
infl ammatory response in the gut, which is trig-
gered by the lipopolysaccharide complex of the 
outer envelope of Gram-negative bacteria result-
ing in increased production of pro-infl ammatory 
cytokines and chemokines. High levels of fecal 
calprotectin and biomarkers of neutrophil infi ltra-
tion in infants with colic evidence the above men-
tioned[22, 36]. Intestinal mucosa is more perme-
able due to infl ammation which result in visceral 
hypersensitivity with clinical manifestation of IC 
symptoms. At the same time, Bifi dobacterium and 
Lactobacillus microorganisms have an inverse as-
sociation with colic symptoms in children during 
the fi rst 3  months of life [34, 36, 45]. The patho-
genetic mechanisms explaining the association of 
these microorganisms with the reduction of colic 
symptoms are the positive eff ects of Lactobacilli 
and lactic acid bacteria on the epithelial function 
of the intestinal mucosa, its barrier function and 
intestinal kinetics. Additionally, specifi c strains 
of Bifi dobacterium and Lactobacillus have an an-
ti-infl ammatory response as they have antago-
nistic eff ects against gas-producing bacteria in-
cluding Escherichia, Klebsiella and Enterobacter 
strains [46].

Each factor infl uencing on the formation of 
the intestinal microbiome (maternal microbiome 
and health status, mother's use of medications, 
type of delivery, condition of a child after birth, 
type of infant feeding, use of antibacterial drugs 
in a neanatal period) separately has no reliable 
signifi cance in IC genesis [40, 47–49]. At the same 
time, it was proven that bacterial colonization 
was associated with malabsorption of fats and 
other nutrients due to immaturity of enterohe-
patic circulation of bile acids and salts [15, 24]. 
Microbiota produces local gut neurotransmit-

ters (serotonin, gamma-aminobutyric acid, mela-
tonin, histamine, acetylcholine) and coordinates 
local adaptive responses to stressors through the 
system of neuroimmunoendocrine hierarchy. In 
addition, the microbiota can alter brain physio-
logy through the production of a wide range of 
cytokines, short-chain fatty acids, and increased 
aff erent nerve activity. This the way the microbi-
ota-brain axis works, and correspondingly plays a 
role in the genesis of IC [35].

Lactose tolerance disorder is a physiologic 
transient state in 3–4 months old infants, it often 
causes infantile colic. The literature describes the 
relationship between the severity of pain in infan-
tile colic and the amount of carbohydrate excre-
tion with feces in both breastfed and formula-fed 
infants. Data show that 25 % of infants develop 
moderate to severe symptoms of colic dependent 
on cow's milk protein [50–53].

Mothers’ conditions also contribute to pre-
disposition of infantile colic, among them: unfa-
vorable obstetric and gynecological history of the 
mother, gestosis, hypodynamia during pregnan-
cy; nutritional disorders of the nursing mother 
(consumption of fatty foods, foods that increase 
fl atulence, excessive amounts of cow's milk 
and its products); bad habits (smoking, alcohol, 
drugs); emotional stress in the family. Infants’ con-
tributions are prematurity; symptoms of post-hy-
poxic damage to the central nervous system; in-
fant temperament. Incorrect feeding technique 
(swallowing air during feeding); force feeding; 
overfeeding; feeding from two breasts, improper 
preparation of nutritional formula (excessive or 
insuffi  cient dilution), lack of proper mother-child 
interaction in the feeding situation also predis-
pose to the development of infant colic [1].

The classic picture of colic is a dyad  — ex-
tremelly anxious parents and an infant with a per-
sistent, piercing cry that is audiologically distinct 
from other infant cries [54]. Cry episodes are as-
sociated with hypertension, facial redness, pull-
ing the legs up to an abdomen, and flatulence. 
Assessment of the infant during an episode of 
colic may indicate that the infant is in moder-
ate to severe pain according to the FLACC scale 
(Face, Legs, Activity, Cry, Consolability scale, a 
measurement used to assess pain for children). 
[55]. The crying starts and stops abruptly on its 
own, i.e., the nature of the episodes is parox-
ysmal  [55]. It is very difficult to calm the baby. 
Typical crying of a baby with colic is presented 
under the QR code.
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ХA circadian rhythm of crying (or "crying 
curve") with maximum intensity of crying and 
restlessness in the afternoon is specifi c for IC. An 
important characteristic of crying is its age-de-
pendent appearance and dynamics: it appears 
from the 2nd week of life, peaks at 2–3  months 
of age with6  then gradually decrease and disap-
pears by 4–5 months of age.

The presence of multifactorial pathogenesis 
leads to diffi  culties in therapeutic approaches. 
There are no international consensus documents, 
and national guidelines compiled by experts from 
the standpoint of evidence-based medicine are 
available only in three countries: the UK, the USA, 
and Ireland [56, 57]. An analysis of the recommen-
dations of these guidelines is presented in Table 2.

In Russia, infantile colic is described in the 
National Guidelines for Pediatric Gastroenterology 
[58] and in the 2022 recommendations of the Society 
of Pediatric Gastroenterologists, Hepatologists, 
and Nutritionists on Functional Gastrointestinal 
Tract Diseases [1, 59].

All domestic and foreign guidelines empha-
size the need for an individualized approach to 
the treatment of IC in close cooperation with pa-
tient's parents. It is necessary to reassure parents 
about the transient and benign nature of infan-
tile colic and favorable outcome, to inspire them 
with confi dence in the absence of severe disease 
in the child. Changing family habits has positive 
eff ects, it might be proposed to create a regime 
of "feeding — activity — sleep"; maintain a posi-
tive relationship "child — mother / family". Timely 
detection of maternal depression, cruel attitude 
to the child, counseling parents about psycholog-
ical problems will avoid unwarranted diagnostic 
intervention in children, as well as anxiety and in-
security in parents [1, 56–59].

Dietary correction measures are considered to 
be eff ective as well6  omong them breastfeeding 
support, assessment of breastfeeding technique 

and suckling effi  ciency. Most experts recommend 
preserving natural feeding [1, 56–59]. A. Cohen 
Engler (2012) indicated that exclusively breastfed 
infants had signifi cantly lower rates of colic epi-
sodes and tended to have longer nighttime sleep 
in comparison with formula-fed infants [60]. The 
authors of the study measured melatonin levels 
in breast milk every 2 h during the day and found 
its signifi cant increase during the night hours. It is 
now known that the circadian rhythm of melatonin 
in infants is established by 3–5 months of life, and 
regression of infantile colic is also noted around 
this age [30]. It was also found that infants with in-
fantile colic had a statistically signifi cant decrease 
in the level of melatonin in the blood in the morn-
ing hours and later establishment of the circadi-
an rhythm of melatonin compared to the control 
group. It is possible that infantile colic may be asso-
ciated with desynchronization of the normal circa-
dian rhythm of melatonin, and breast milk, which 
contains the highest melatonin levels at night, may 
compensate a  transient circadian rhythm defi -
ciency in infants [23]. In addition, night breast milk 
probably exerts antispasmodic, antioxidant, an-
ti-infl ammatory, and immunoregulatory eff ects on 
intestinal wall permeability membrane and infant 
microbiome development [23, 28, 61].

Currently, there are no united nutritional 
recommendations for breastfeeding women. 
According to recommendations of the Rome IV 
criteria, elimination of cow's milk-based products 
from the diet of breastfeeding women is recog-
nized as eff ective only in the presence of aller-
gy to cow's milk protein [62]. In all other cases, 
a causal relationship between maternal diet and 
colic has not been proven. A number of studies 
recommend the use of a hypoallergenic diet (ex-
clusion of cow's milk, eggs, peanuts and other 
nuts, wheat, soy and fi sh) and associate it with a 
reduction of colic symptoms in children [63]. A 
2012  systematic review identifi ed 1  randomized 
controlled trial in infants whose mothers followed 
a diet with low big eight allergens during one 
week. Questionnaires noted a reduction in crying 
by 60  minutes over 48  h, however, mothers did 
not report a subjective decrease of colic. In addi-
tion, only 60 % of mothers in this study were able 
to fully comply with the elimination diet, empha-
sizing the diffi  culty in implementing dietary re-
strictions [29, 63]. Based on the above mentioned, 
most researchers believe that elimination diets 
are not recommended for breastfeeding mothers 
as a cure for infantile colic [1, 56–59].
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Table 2. Methods of treating colic from the point of view of evidence-based medicine

Таблица 2. Методы лечения колик с точки зрения доказательной медицины

Рекомендация/предложение / 
Recommendation/proposal

UK, 2013, 2017 [56] / 
Великобритания, 

2013, 2017 [56]

USA, 2015 
[56] / США, 

2015 [56]

Ireland, 
2014 [57] / 
Ирландия, 
2014 [57]

Клиническая оценка отношений матери и ребенка /
Clinical assessment of the mother-child relationship 

✓ ✓ ✓

 Информация для родителей, советы, поддержка 
и уверенность / Parenting information, advice, support 
and reassurance

✓ ✓ ✓

Продолжение грудного вскармливания / 
Continued breastfeeding

✓ ✓

Модификация рациона матери /
Modifi cation of the mother's diet

✗ ✓

Смена смеси, если ребенок вскармливается смесью 
( + ), если не выявлена аллергия на молоко) / 
Changing the formula if the baby is formula-fed 
( + if an allergy to milk is not detected)

✗ ✓

Пробиотические добавки ( + + ) младенцам, 
находящимся только на грудном вскармливании) / 
Probiotic supplements ( + + breastfed-only infants)

✗ ✓ + ✓

Симетикон / Simethicone ✗ ✗

Травяные добавки (например, фенхель) / 
Herbal supplements (such as fennel)

✗ ✗

Ингибиторы протонной помпы (например, омепразол, 
Лосек) / Proton pump inhibitors (eg, omeprazole, Losec)

✗

Лактаза (например, капли Co-lief) /
Lactase (eg Co-lief drops)

✗

Антихолинергические препараты (включая 
дицикломин) / 
Anticholinergic drugs (including dicyclomine)

✗

Детский массаж / Baby massage ✓

Мануальная терапия (включая манипуляции на 
позвоночнике и краниальную остеопатию) / 
Manual therapy (including spinal manipulation and cranial 
osteopathy) 

✗ ✗

Физический контакт (например, удержание, 
раскачивание) / Physical contact (eg, holding, rocking)

✓ ✓

«Белый шум» / «White noise» ✓

Купание / Bathing ✓

Обмотка (пеленание) / Winding ✓

Пеленание / Swaddling ✗

Акупунктура / Acupuncture ✗

Режим сна / Sleeping mode

Note: ✓ — recommended; ✓ + — high level of evidence; ✗ — not recommended; blank — not analyzed.

Примечание: ✓ — рекомендовано; ✓ + — высокий уровень доказательности, ✗ — не рекомендовано; пустая графа — 
не анализи ровалось.
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According to systematic reviews, formula-fed 
infants of the fi rst 3 months of life suff ering from 
colic symptoms, are recommended to use partial-
ly hydrolyzed whey formulas with added prebio-
tics (oligosaccharides), formulas with reduced lac-
tose content and fat component [1, 56–59].

Probiotic therapy has the highest level of evi-
dent effi  cacy among other therapeutic strate-
gies in colic treatment [64–67]. Currently, the US 
Food and Drug Administration (FDA) has given 
probiotics a GRAS (Generally Recognized As Safe) 
status, which means: recognized as safe by lea-
ding FDA experts [48]. Taking into account the 
above mentioned pathogenetic mechanisms of 
the rela shionship between intestinal microfl ora 
and IC, the correction of intestinal microbiome 
seems promising in the point of reducing co-
lic symptoms. The effi  cacy of diff erent strains of 
Lactobacillus reuteri has been demonstrated in 
naturally fed infants [23, 24, 66–68]. The factors 
behind the eff ects of L. reuteri are studied well. 
These are the ability to form biofi lms; the resis-
tance of L. reuteri colonies to low pH and bile salts; 
the ability of L. reuteri attach to mucin, intestinal 
epithelium and intestinal epithelial cells; produc-
tion of metabolites with antimicrobial and immu-
nomodulatory eff ects, the most studied of which 
is reuterin, which inhibits a wide range of micro-
organisms, mainly Gram-negative bacteria, while 
the strains of L. reuteri show marked resistance 
to reuterin. Some strains of L. reuteri, in addition 
to reuterin, produce other antimicrobial substan-
ces: lactic acid, acetic acid, ethanol, reutericycline. 
Therefore L. reuteri is eff ective against various 
bacterial infections of the gastrointestinal tract: 
Helicobacter pylori, E. coli, Clostridium diffi  cile and 
salmonellae. Moreover, L. reuteri produces metab-
olites with antiviral properties which are eff ective 
against pneumoviruses, circoviruses, rotaviruses, 
coxsackie viruses and papillomaviruses. In addi-
tion, there are reports that L. reuteri also stops the 
growth and kills various Candida species; some 
strains of L. reuteri inhibit the production of few 
pro-infl ammatory cytokines, aff ect immune cells, 
produce folate and gamma-aminobutyric acid 
(GABA), which determine its eff ect on visceral sen-
sitization [69].

It should be noted that the eff ects of diff erent 
L. reuteri strains are strain specifi c. The proven ef-
fects of some L. reuteri strains are summarized in 
Table 3.

Placebo-controlled and comparative studies 
demonstrate diff erent results of colic treatment 

with L. reuteri probiotics, both positive and nega-
tive [75]. The data are summarized in Table 4.

In recent years, there has been increased inte rest 
in the use of other probiotic strains for the treat-
ment of colic. The data are presented in Table 5.

Table 5  shows that Lactobacillus rhamnosus 
GG (ATCC 53103), Bifi dobacterium animalis sub-
sp. lactis, BB-12  and B. breve CECT7263  strains 
demonstrated a good therapeutic eff ect in colic in 
breastfed and formula-fed children. At the same 
time, multistrain probiotics have been shown to 
have synergistic eff ects that individual strains 
cannot achieve independently. It is suggested 
that multistrain probiotics may be eff ective in the 
treatment of colic due to their synergistic eff ects 
[88]. The data are summarized in Table 6.

Other pharmacologic agents that have been 
traditionally recommended for the relief of colic 
symptoms include simethicone, chamomile or fen-
nel-based phytosupplements, other carminative 
and homeopathic preparations [4, 25, 92]. Most 
randomized clinical trials indicate low effi  cacy of 
these treatments. Concurrently, there is a lack of 
standardization of some homeopathic remedies 
consumption, as well as potential risks of unde-
sirable eff ects. Thus, these remedies do not allow 
recommending most of them for the correction 
of infantile colic [21, 25, 56, 57, 93]. In some ca-
ses prescribed antispasmodics, proton pump inhi-
bitors, and analgesics [3, 24, 66] have not proven 
eff ectiveness as well [56, 57]. Data published on 
lactase preparations for the treatment of colic is 
confl icting. There is evidence based on the results 
of randomized controlled trials (RCTs) showing 
a decrease in crying time in infants with proven 
lactose intolerance disorder when using lactase 
preparations compared to placebo [64]. At the 
same time, there are other RCTs indicating insuffi  -
cient or weak eff ect of lactase preparations for re-
lief of colic symptoms in infants on diff erent types 
of feeding [65, 81]. It seems reasonable to recom-
mend the use of lactase preparations only in case 
of proven lactase defi ciency for 2 weeks. If there is 
no eff ect during this period of time, lactase thera-
py must be canceled.

It should be noted that a number of manipu-
lations, such as infant massage, physical contact 
(e.g., holding, rocking an infant), bathing, swad-
dling and listening to the "white noise" have an 
evidence base for eff ectiveness agains colic [56, 
57] . The “white noise” is a background sound that 
contains frequencies of the entire sound range, 
from 20 to 20,000 Hz, it is similar with the sounds 
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Table 3. Proven eff ects of diff erent strains of L. reuteri
Таблица 3. Доказанные эффекты различных штаммов L. reuteri

Автор / Author Штамм / Strain Эффекты / Eff ects

Garcia Rode-
nas C.L., 2016 [70]

L. reuteri DSM 17938 Снижение количества энтеробактерий и повышение числа 
бифидобактерий у детей, рожденных путем кесарева сечения, 
т.е. модулировало развитие кишечной микробиоты / A decrease 
in the number of enterobacteria and an increase in the number of 
bifi dobacteria in children born by cesarean section, i.e. modulated 
the development of intestinal microbiota

Savino et al., 
2015 [53]

L. reuteri DSM 17938 Снижение количества анаэробных грамотрицательных 
и увеличение количества грамположительных бактерий 
в кишечной микробиоте, тогда как содержание энтеробактерий 
и энтерококков в значительной степени снижено / A decrease in 
the number of anaerobic gram-negative and an increase in the num-
ber of gram-positive bacteria in the intestinal microbiota, while the 
content of enterobacteria and enterococci decreased signifi cantly

Martoni C.J., 
2015 [71]

L. reuteri NCIMB 
30242

Увеличивает соотношение Firmicutes и Bacteroidetes / Increases the 
ratio of Firmicutes to Bacteroidetes

Savino F., 2009 
[39]

L. reuteri DSM 17938 Увеличение количества лактобацилл и уменьшение E. coli в 
фекальной микробиоте / Increase in the number of lactobacilli and 
decrease in E. coli in the fecal microbiota

Savino et al., 
2019 [72]

L. reuteri DSM 17938 Снижает восприятие боли двумя путями: через переходный 
рецепторный потенциал — ваниллоидный канал 1, влияя на 
калийзависимую активность кальциевых каналов и снижение 
вызванных капсаицином и растяжением потенциалов действия 
спинномозговых нервов / Reduces pain perception in two ways: 
through transient receptor potential — vanilloid channel 1, infl uencing 
potassium-dependent calcium channel activity and reducing capsaicin- 
and stretch-induced action potentials of spinal nerves

Hojsak I., 2019 
[73]

L. reuteri DSM 17938 Снижение уровня фекального кальпротектина / Decrease in fecal 
calprotectin levels

Pour-
mirzaiee M.A., 
2020 [74]

L. reuteri LR92
(DSM 26866)

Выделяет уксусную кислоту, которая снижает pH in vivo и 
оказывает выраженное антибактериальное действие на многие 
патогены и реутерин, способный вызвать окислительный 
стресс у патогенов и эффективно предупреждать развитие 
воспалительной реакции / Produces acetic acid, which lowers pH in 
vivo and has a pronounced antibacterial eff ect on many pathogens 
and reuterin, which can cause oxidative stress in pathogens and 
eff ectively prevent the development of an infl ammatory response

Новикова В.П., 
2023 [37] / 
Novikova V.P., 
2023 [37] / 

L. reuteri DSM 17938 В группе детей, получавших L. reuteri, значимо снижался уровень 
Вacillus megaterium, Bacteroides fragilis и Prevotella ruminicola. 
Снижение уровня зонулина / In the group of children receiving 
L. reuteri, the level of Bacillus megaterium, Bacteroides fragilis and Pre-
votella ruminicola decreased signifi cantly. Decreased zonulin levels 

Table 4. Results of placebo-controlled and comparative studies of treatment of colic with L. reuteri probiotics
Таблица 4. Результаты плацебоконтролируемых и сравнительных исследований лечения колик 
пробиотиками L. reuteri

Автор / Author Штамм / Strain Эффекты / Eff ects

Лечение эффективно / Treatment is eff ective

Savino F., 2007 [76] L. reuteri ATCC 55730 Снижение беспокойства и продолжительности крика /
Reduced anxiety and cry duration

Szajewska H. et al., 
2013 [77]

L. reuteri DSM 17938 Снижение беспокойства и продолжительности крика 
в сравнении с плацебо / Reduction in anxiety and cry duration 
compared to placebo
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Автор / Author Штамм / Strain Эффекты / Eff ects

Chau K. et al., 2015 
[78]

L. reuteri DSM 17938 Cнижение беспокойства и продолжительности крика / 
Reduced anxiety and cry duration

Mi G.L. et al., 2015 
[79]

L. reuteri DSM 17938 Cнижение беспокойства и продолжительности крика / 
Reduced anxiety and cry duration

Tatari M. et al., 2017 
[80]

L. reuteri DSM 17938 Cнижение беспокойства и продолжительности крика / 
Reduced anxiety and cry duration

Dryl R., 2018 [81] L. reuteri DSM 17938 Положительный лечебный и профилактический эффект 
исключительно у детей на грудном вскармливании (21–
28 дней) / Positive therapeutic and preventive eff ect exclusively 
in breastfed children (21–28 days)

Novikova V.P., 2023 
[37] / Новикова В.П., 
2023 [37]

L. reuteri DSM 17938 Положительный лечебный и профилактический эффект в виде 
снижения плача менее 1 часа к 10-му дню лечения у детей, 
независимо от вида вскармливания / Positive therapeutic and 
preventive eff ect in the form of reduced crying for less than 1 hour 
by the 10th day of treatment in children, regardless of the type of 
feeding

Лечение неэффективно / Treatment is ineff ective

Sung V. et al., 2014 [82] L. reuteri DSM 17938 Нет различий с группой плацебо / No diff erence with placebo group 

Fatheree N.Y. et al., 
2017 [83]

L. reuteri DSM 17938 При искусственном вскармливании не было получено 
положительного результата / No positive results were obtained 
with artifi cial feeding

Dryl R., 2018 [81] L. reuteri DSM 17938 При искусственном вскармливании не было получено 
положительного результата / No positive results were obtained with 
artifi cial feeding

 Ending of the table 4 / Окончание табл. 4

Table 5. Results of placebo-controlled studies of the treatment of colic with diff erent single-strain probiotics
Таблица 5. Результаты плацебоконтролируемых исследований лечения колик разными моноштам-
мовыми про биотиками

Автор / Author Штамм / Strain Клинический эффект /
Clinical eff ect

Патогенетический механизм /
Pathogenetic mechanism 

Savino F. et al., 2020 
[45]

Lactobacillus rhamnosus 
GG (ATCC 53103)

Значительное 
снижение плача / Signif-
icant reduction in crying 

Наблюдалось значительное 
увеличение общего количества 
бактерий в образцах 
кала (Lactobacillus spp.) и 
значительное снижение уровня 
кальпротектина / There was a 
signifi cant increase in total bacte-
rial counts in stool samples (Lac-
tobacillus spp.) and a signifi cant 
decrease in calprotectin levels 

Xinias I. et al., 2017 [84] Bifi dobacterium animalis 
subsp. lactis, BB-12

Значительное 
снижение времени 
плача, повышение 
качества жизни семьи / 
Signifi cant reduction in 
crying time, improved 
family quality of life

Не изучался / Not studied

Nocerino R. et al., 
2020 [85]

Bifi dobacterium animalis 
subsp. lactis, BB-12

Значительное 
снижение времени 
плача / Signifi cant re-
duction in crying time

Достоверное увеличение 
HBD-2, LL-37, sIgA и бутирата и 
снижение кальпротектина / Sig-
nifi cant increase in HBD-2, LL-37, 
sIgA and butyrate and decrease in 
calprotectin
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 Автор / Author Штамм / Strain Клинический эффект /
Clinical eff ect

Патогенетический механизм /
Pathogenetic mechanism

Chen K. et al., 2021 [86] Bifi dobacterium animalis 
subsp. lactis, BB-12

Значительное 
снижение времени 
плача / Signifi cant re-
duction in crying time 

Увеличение sIgA, бутирата 
в конце 21-дневного 
вмешательства, увеличение 
кальпротектина 
β-дефензина-2 и кателицидина 
/ Increase in sIgA, butyrate at 
the end of the 21-day interven-
tion, increase in calprotectin 
β-defensin-2 and cathelicidin

Suanes-Cabello S., 
2020 [87]

B. breve CECT7263 Большая эффективность 
в сокра щении 
ежедневного времени 
плача у детей на грудном 
и искусственном 
вскармливании, чем 
в контроле / Greater 
eff ectiveness in reduc-
ing daily crying time in 
breastfed and bottle-fed 
children than in controls 

Ингибирование роста 
Enterobacteriaceae spp., 
противовоспалительное 
действие / Inhibition of the 
growth of Enterobacteriaceae 
spp., anti-infl ammatory eff ect

Ending of the table 5 / Окончание табл. 5

Table 6. Results of placebo-controlled and comparative studies of the treatment of colic with diff erent multi-
strain probiotics
Таблица 6. Результаты плацебоконтролируемых и сравнительных исследований лечения колик разными 
мульти штаммовыми пробиотиками

Авторы / 
Authors 

Состав пробиотиков / 
Composition of probiotics Клиническая эффективность / Clinical eff ectiveness

Gerasimov 
et al., 2018 [89]

L. rhamnosus 19070-2 + 
L. reuteri 12246 + фрукто-
олигосахарид и витамин D3 

Значительная разница в среднем времени плача между 
пробиотиком и контрольной группой / Signifi cant diff erence in 
mean crying time between probio tic and control group 

Baldassarre 
et al., 2018 [90]

L. paracasei DSM 24733,
L. plantarum DSM 24730,
L. acidophilus DSM 24735
L. delbrueckii subsp. bulgaricus DSM 
24734),
B. longum DSM 24736,
B. breve DSM 24732
B. infantis DSM 24737)
Streptococcus thermophilus DSM 24731

Статистически значимое снижение количества минут плача в 
день.
Незначительная разница в общем количестве пробиотических 
бактерий, лактобацилл и бифидобактерий была обнаружена 
между группами вмешательства и плацебо /
A non-signifi cant diff erence in the total counts of probiotic bacteria, 
lactobacilli and bifi dobacteria was found between the intervention 
and placebo groups

Chen et al., 
2021 [86]

Bifi dobacterium longum CECT7894 + 
Pediococcus pentosaceus CECT8330

Значительное сокращение времени плача в группе вмешательства 
и улучшение консистенции стула / Signifi cant reduction in crying 
time in the intervention group and improvement in stool consistency 

Astó E. et al., 
2022 [91]

B. longum KABP042 + 
P. pentosaceus KABP041

 Уменьшение тяжести симптомов у младенцев, страдающих 
коликами и/или запором на грудном и искусственном 
вскармливании / Reducing the severity of symptoms in breastfed 
and formula-fed infants with colic and/or constipation

Novikova V. P. 
2023 [37] / 
Новикова В.П., 
2023 [37] /

Lactobacillus casei PXN 37, Lac-
tobacillus rhamnosus PXN  54, 
Streptococcus thermophilus PXN 
66, Lactobacillus acidophilus 
PXN 35, Bifi dobacterium breve 
PXN 25, Bifi do bacterium infantis 
PXN 27, Bifi dobacterium long-
um PXN 30; и пребиотик: ФОС 
(фруктоолигосахариды)

Купирование колик к 6-му дню, что раньше, чем при 
использовании L. reuteri DSM 17938 (10-й день) и симптоматической 
терапии (12-й день).  Увеличение уровня фекального зонулина на 
44 %, что больше, чем при использовании L. reuteri DSM 17938 (40 %) 
и симптоматической терапии (10 %). Увеличение количества таких 
доминирующих представителей микробиоты, как эубактерии 
и пропионобактерии / Relief of colic by day 6, which is earlier than 
when using L. reuteri DSM 17938 (day 10) and symptomatic therapy 
(day 12). Increase in fecal zonulin levels by 44 %, which is greater than 
with the use of L. reuteri DSM 17938 (40 %) and symptomatic therapy 
(10 %). An increase in the number of such dominant representatives 
of the microbiota as eubacteria and propionobacteria
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that the fetus hear in the womb hence it has a 
positive eff ect on the duration of crying and sleep 
in infants. However, there are limited studies that 
compare diff erent treatments [37, 93].

Currently, the algorithm for diagnosis and 
treatment of colic proposed by ESPHAN (The 
European Society for Paediatric Gastroenterology 
Hepatology and Nutrition) experts in 2016 is gen-
erally accepted (Figure 1) [94].

Thus, infantile colic is a transient functional 
condition in children of the fi rst 4–5  months of 
life that resolves on its own. However, it should 
always be remembered that serious patholog-
ic conditions (gastrointestinal manifestations of 
food allergy, metabolic disorders, infectious pro-
cesses, etc.) may hide under the mask of infan-
tile colic, which requires diff erential diagnosis. 
Correction of IC symptoms is primarily based on 
psychological support of a family. With regard to 
breast-fed infants, breastfeeding support is man-

datory, as well as the use of probiotics with prov-
en anti-colic properties (Lactobacillus reuteri DSM 
17938). Mothers are recommened to correct diet 
if food intolerance is suspected. In case an infant 
under 3  months old suff ers from infantile colic, 
when breastfeeding is not feasible, it is preferable 
to use partially hydrolyzed whey formula with re-
duced lactose content and enriched with prebiot-
ics. Additional, well-organized studies comparing 
diff erent therapeutic strategies for colic are need-
ed to develop optimal therapeutic approaches.
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Fig. 1. Algorithm for diagnosing and treating colic (Vandenplas Y., 2016)
Рис. 1.  Алгоритм диагностики и лечения колик (Vandenplas Y., 2016)

Настораживающие знаки? / Warning signs?

• Рвота / Vomit.

• Выгибание спины (синдром Сандифера) / 

Arched back (Sandifer syndrome).

• Желудочно-кишечное кровотечение / 

Gastrointestinal bleeding.

• Остановка прибавки массы тела / 

Stopping weight gain.

• Вздутие живота/метеоризм / 

Bloating/flatulence.

• Признаки другой органической патологии / 

Signs of other organic pathology

Настораживающие знаки? /

Warning signs?

• Частые срыгивания / Frequent 

regurgitation.

• Респираторные синдромы / 

Respiratory symptoms.

• Атопический дерматит / Atopic 

dermatitis.

• Диарея/запор / Diarrhea/

constipation.

• Семейный аллергоанамнез / 

Family allergy history.

• CoMISS ≥ 12

• При кормлении грудью соблюдать диету без коровьего молока / 

When breastfeeding, follow a diet without cow's milk.

• Смеси на основе глубокого гидролиза / Mixtures based on deep 

hydrolysis

Да / Yes

Нет / No

Да / Yes

Да / Yes • Поддерживающая 

терапия / Maintenance 

therapy.

• Наблюдать за 

течением аллергии / 

Monitor the course of 

allergies

Да / YesУлучшение? / Improvement? Нет / No Нет / No

Поддержка, рас смотреть 

назначение пробиотика 

L. reuteri / Support, 

consider prescribing a 

probiotic 

L. reuteri)

Нет / No

Консультация 

специалиста / 

Consultation 

specialist

Консультация 

специалиста / 

Consultation 

specialist

Настораживающие знаки? / 

Warning signs?

• Беспокойство родителей / 

Parents' concerns.

• Депрессия у родителей / 

Depression in parents.

• Отсутствие взаимосвязи 

мать–дитя / Lack of mother–

child relationship.

• Жестокое обращение 

с ребенком / Child abuse
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Abstract. The article reviews the literature from 2013 to 2023, confi rming changes in the composition of breast 
milk in obese women. It has been proven that in the breast milk of obese women, the content of lipids and the 
ratio of their fractions are changed, there are features in the composition of carbohydrate components (lactose 
and oligosaccharides of breast milk) in comparison with the breast milk of women with normal weight. There is 
also evidence of altered profi les of the hormones insulin, ghrelin, leptin and adiponectin, as well as microRNAs 
and immunological factors in the milk of obese mothers.
Key words: breast milk; obesity; BMI; composition of breast milk; breastfeeding; epigenetics; calorie content of breast 
milk; overweight; components of breast milk.
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Резюме. В статье приведен обзор научных источников за период с 2013 по 2023 год, подтверждающий 
изменения состава грудного молока у женщин, страдающих ожирением. Доказано, что в грудном моло-
ке женщин, страдающих ожирением, изменено содержание липидов и соотношение их фракций, имеются 
особенности состава углеводных компонентов (лактозы и олигосахаридов грудного молока) в сравнении 
с грудным молоком женщин, с нормальным весом. Имеются также данные об измененном профиле гор-
монов инсулина, грелина, лептина и адипонектина, а также микроРНК и иммунологических факторов в 
молоке матерей, страдающих ожирением.
Ключевые слова: грудное молоко; ожирение; ИМТ; состав грудного молока; грудное вскармливание; 
эпигенетика; калорийность грудного молока; избыточный вес; компоненты грудного молока.
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INTRODUCTION
Breast milk (BM) is a physiological source of nu-

trients for a child in the fi rst year of life. The com-
position of the BM is unique and optimally adap-
ted to meet almost all the needs of an actively 
gro wing organism up to 6 months. Breastfeeding 
(BF) is associated with lower mortality in infants 
than formula feeding. The UN and UNICEF argue 
that up to 10 million under-fi ve deaths worldwide 
can be prevented every year by exclusive breastfe-
eding during the fi rst six months of life [1]. The BM 
is a source of commencial bacteria that prevent 
the addition of pathogenic fl ora and contribute to 
the colonization of the intestine by useful micro-
organisms. The World Health Organization (WHO) 
recommends only BF for the fi rst six months and 
as supplementary feeding until age 2.

The function of the BM is not limited to energy, 
and there is evidence of its immune, protective, 
epigenetic, and metabolic regulatory actions. The 
scientifi c evidence shows that the BM is an evo-
lutionary factor for the optimal development of 
not only a healthy but also a sick child because 
the composition of the BM is capable of dyna mic 
change, adapting to the needs of the child in a 
given situation.

The epigenetic eff ects of the BM are now high-
ly relevant for study. It is becoming apparent that 
maternal nutrition and lifestyles can have a direct 
life-long impact on the child; it’s called health pro-
gramming. It is known that the BF is known to re-
duce the risk of many non-communicable patho-
logies, including obesity [2]. This is very important 
given the adverse epidemiological situation of 
the disease.

The global prevalence of obesity nearly tri-
pled between 1975 and 2016. In 2014, the num-
ber of overweight and obese pregnant women 
was 38.9  million and 14.6  million, respectively, 
worldwide [3]. The prevalence of overweight and 
obesity among children and adolescents in-
creased from 4 % in 1975 to 18 % in 2016 [4]. WHO 
estimates that more than 1.9  billion adults aged 
18 years and over are overweight, of whom more 
than 650 million are obese. If current trends con-
tinue, the majority of the adult global popula-
tion will be overweight or obese by 2030 [5]. It 
has been proven that BF prevents rapid weight 
gain in the neonatal period and reduces the pro-
pensity to develop obesity in adults, as opposed 
to formula feeding [6]. The usefulness of the BM 
may vary depending on its composition [7, 8]. The 
pathological conditions in the mother may infl u-

ence the composition of the BM, but not much re-
search has been published on this topic. There is 
proof that a mother's obesity prior to becoming 
pregnant increases the child's chance of obesity 
by three times [9]. Studies on animals have shown 
that ingesting a lot of fat during breastfeeding 
has an impact on the off spring's long-term obesi-
ty [10, 11]. An interesting question is the impact of 
maternal obesity on the calorie content and com-
position of the BM. The objective of this work is to 
review the current literature on the subject.

GENERAL INFORMATION ON THE COMPOSITION 
OF BREAST MILK

The human BM is a complex biological fl uid 
containing a large number of components: ma-
cronutrients, hormones, biologically active mo-
lecules, stem cells, and microbial communities. 
Each of them is potentially responsible for a spe-
cifi c and synergistic impact on child health and 
the growth and development of organs and sys-
tems [12]. Lactose is the main carbohydrate in 
the human BM. Also, BM oligosaccharides (BMO) 
are important components of the BM. There are 
three main categories of BMOs: fucosilized neu-
tral BMOs (35–50 %), unfucosilized neutral BMOs 
(42–55 %), and sialized acidic BMOs (12–14 %). The 
primary source of energy is lipids, which are found 
in milk as an emulsion.

Triacylglycerides make up approximately 98 % 
of the lipid fraction; 2 % are phospholipids, mono-
acylglycerides, diacylglycerides, and free fatty 
acids. The human BM contains more than 400 dif-
ferent proteins, which can be divided into three 
main groups: casein, whey, and mucin proteins. 
The age of the child has a gradual eff ect on the 
protein ratio, which varies. Breast milk also con-
tains non-protein nitrogen, which is up to 25 % of 
the total nitrogen present in milk. In addition, the 
human BM contains the trace elements that the 
infant needs, except for vitamins K and D [13].

IMPACT OF MATHER'S OBESITY ON THE 
COMPONENTS OF MUTHER’S MILK

Summarizes the literature on the qualities of 
the component composition and calorie con-
tent of breast milk produced by obese moms in 
table 1.

Features of macronutrient content. The re-
lationship between female obesity and changes 
in the composition and calorie content of the BM 
has been studied by many researchers. G.E. Leghi 
et al. did a large meta-analysis of the macronu-
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trients found in the BM of normal-weight (NW) 
and overweight or obese women (OV/OW). They 
looked at colostrum, transitional milk, and mature 
milk. There was no diff erence in the concentration 
of fat in colostrum between OV/OW and NW. Also, 
in transient milk, the fat concentration was lower 
in OV/OW compared to NW. In mature milk, the 
fat concentration was higher in OV/OW than in 
NW. There was no discernible change in the pro-
tein concentration of the colostrum, transition, or 
mature BM between OV/OW and NW. The lactose 
concentration in colostrum was higher in OV/OW 
and NW. Nonetheless, there was no discernible 
variation in the lactose concentration between 
the transitional and mature BM samples [14]. The 
meta-analysis by A.I. Daniel et al. showed a po-
sitive relationship between the maternal body 
mass index (BMI) and the fat content of the BM. 
There is no discernible correlation between the 
mother's BMI and the amount of protein, lactose, 
or energy in milk [15]. Research fi ndings about 
the lipid profi le of the BM show that the milk of 
obese mothers has a higher ratio of ω-6 fatty ac-
ids (ω-6/ω-3 PUFA), a decrease in monounsatura-
ted fatty acids (MUFA) and ω-3 in polyunsatura ted 
fatty acids (PUFA), and an increase in saturated 
fatty acids (SFA) [16]. Based on a systematic re-
view of most studies, it was found that moms who 
were overweight had higher levels of ω-6  PUFA 
and lower levels of ω-3 PUFA in their breast milk 
than eutrophic women [17, 18]. In the study by 
L. Ellsworth and others, there was no signifi cant re-
lationship between the ratio of ω-3 and ω-6 long-
chain polyunsaturated fatty acids (LC-PUFA) in 
milk and the weight of the mother. But the con-
tent of palmitic, digomo-gamma-linolenic, and 
adrenal acids in milk was statistically signifi cantly 
higher. The content of oleic and conjugated lin-
oleic acids is lower in the OV/OW group. The same 
study did not reveal a signifi cant diff erence in ma-
cronutrient content between groups of mothers 
[19]. PGE2 and LTE4 levels are not signifi cantly dif-
ferent in groups NW and OV/OW [20]. Compared 
to women with NW, colostrum with OV/OW had 
higher levels of fat, glucose, and sIgA content, as 
well as more calories. There was no diff erence in 
the amounts of complement components C3 and 
C4, IgG, and IgM. [21]. The study by J.L. Saben 
et al. found that the BMI of nursing mothers was 
negatively correlated with the concentration of 
N-Neoserum radioactivity, disialyllacto-N-hexa-
ose, fucosyllacto-N-hexaose, and total acid BMOs 
and positively correlated with the lacto-N-Neo-

tetrazoma, 3-fucosylactose, 3-Sialillactose, and 
6-Sialillactose concentrations [22]. 

Features of the content of biologically ac-
tive compounds. Information on the hormone 
concentration in the body's BM, OV/OW, and NW 
varies. T.T. Guler and colleagues claim. In the BM 
group OV/OW, the grelin level before feeding was 
signifi cantly higher than that of NW. In the BM 
group NW, after feeding, adiponectin levels were 
higher than those of OV/OW. There was no signi-
fi cant diff erence between the leptin and IGF-1 le-
vels between the two groups [23].

In another study, the concentration of lep-
tine in foremilk was correlated with the mother’s 
BMI at 7 days and 3 months after delivery. Within 
three months of birth, there was a positive cor-
relation between the mother's BMI and the BM's 
insulin. Grelin and BM resistine were not correla-
ted with the mother’s BMI [24]. According to the 
A. de Luca study, leptine content in OV/OW milk 
was hig her than in NW milk, but macronutrient 
concentrations were the same [25]. There was no 
association found between BMI and adiponectin 
in the study by D. Chan et al., although there was 
a positive correlation between the mother's BMI 
and insulin and leptin [26]. Bioactive substances 
make up the BM, stem cells, and antibodies — 
particularly secretory immunoglobulins (sIgA and 
sIgG), inclu ding microRNAs — have drawn in-
creasing attention in recent years. MicroRNA is a 
small, non-coding RNA molecule with a length of 
18–25  nucleotides involved in transcription and 
posttranscriptional regulation of gene expression 
via RNA interference. The BM is one of the most 
miRNA-rich biological fl uids, identifying about 
1,400  species of miRNA. The study by K.B. Shah 
et al. found that the amount of miR-148a and miR-
30b in the BM of women with OV/OW was 30 % and 
42 % less than that of the NW group, respectively 
[27]. The following data on variations in leukocyte 
subsets in colostrum are intriguing for further re-
search: In comparison to the control group, OV/
OW has dramatically decreased the B-lymphocyte 
proportion in colostrum, and CD16 + blood mono-
cytes have enhanced CD16  expression [28]. The 
concentration of lactoferrin in colostrum mo thers 
with BMIs >30  kg/m2 is noticeably higher than 
in mothers with normal BMIs [29]. There is proof 
that other non-specifi c protective variables have 
changed. It is known that a baby who is exclu-
sively breastfed for the fi rst year of their life may 
obtain up to 20 % of the required daily allowance 
of vitamin D from the BM [30]. The way that the 
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Table 1. Features of the component composition and calorie content of breast milk in obese mothers (summary data)

Таблица 1. Особенности компонентного состава и калорийности грудного молока у матерей, страдающих 
ожире нием (сводные данные)

Автор, год / 
Author, year

Тип иссле до-
вания / Type 

of study

Популяция / 
Sample

characte ristic

Исследуемые 
показатели / Nu-
tritional content

analyzed

Результаты / Results

Mäkelä et al., 
2013 [34]

Кросс-
секционное / 
Cross-sectio  nal

100 женщин, 49 
НВ, 51 ОЖ / 100 
women 49 NW, 
51 OB

Уровень и состав 
жирных кислот / 
Fatty acid levels 
and composition

В молоке женщин с ИВ/ОЖ содержалось 
значительно больше НЖК и меньше ω-3 
ПНЖК по сравнению с молоком женщин 
с нормальной массой тела. Соотношение 
ПНЖК и НЖК было ниже, а соотношение 
ω-6/ω-3 выше у ИВ/ОЖ / 
Overweight women had signifi cantly more 
saturated fatty acids and lower omega 3 when 
compared to normal weight mothers. The propor-
tion of unsaturated and saturated fatty acids was 
signifi cantly lower, and the proportion of omega 6 
to omega 3 was higher in overweight women

Fujimori 
et al., 2015 
[21]

Когортное / 
A cohort study

68 жен щин, 25 
НВ, 24 ИВ, 19 ОЖ 
/ 68 women
25 NW, 24 OW, 
19 OB

Общий уровень 
липидов, глюкоза, 
белок / Total lipid 
levels, glucose 
levels,
protein levels

В молозиве женщин с ИВ/ОЖ была повышена 
калорийность, содержание жиров и глюкозы. 
Содержание белков не отличалось / 
Calories, fat and glucose content were in-
creased in the colostrum of overweight and 
obese women. Protein concentration was 
similar between groups

Daniel et al., 
2021 [15]

Метаанализ / 
Meta-analysis

66 исследо ваний, 
4764 жен щины / 
66 studies 4764 
women

Калорийность, 
 содержание 
липидов, белков / 
Calories, lipid
content, protein
content

Имелась устойчивая положительная связь 
между ИМТ матери и содержанием жира 
в грудном молоке. Не было обнаружено 
ассоциаций между ИМТ матери и общим 
содержанием белка или энергии в грудном 
молоке / 
There was a consistent positive association 
between maternal BMI and breast milk fat 
content: No associations were found between 
maternal BMI and total protein or energy con-
tent of breast milk

Saben et al., 
2020 [39]

Когортное / A 
cohort study

172 жен щины / 
172 women

Концентрация 
115 известных 
и 240 ранее 
неизвестных 
метабо литов ГМ 
/ Concentrations 
of 115 known and 
240 previously 
unknown BM 
metabolites

Содержание 111 метаболитов было 
связано с ИМТ матери. Молоко матерей, 
страдающих ожирением, было обогащено 
моносахаридами и сахарными спиртами. 
Часть метаболитов, различающихся в 
зависимости от массы тела матери, были 
предикторами более высокой степени 
накопления жировой ткани у младенцев 
в течение первых шести месяцев жизни / 
The content of 111 metabolites was related 
to maternal BMI. The milk of obese mothers 
was enriched in monosaccharides and sugar 
alcohols. Some of the metabolites diff ering ac-
cording to maternal weight were predictors of 
a higher degree of adipose tissue accumulation 
in infants during the fi rst 6 months of life
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Ending of the table 1 / Окончание табл. 1

Автор, год / 
Author, year

Тип иссле до-
вания / Type 

of study

Популяция / 
Sample

characte ristic

Исследуемые 
показатели / Nu-
tritional content

analyzed

Результаты / Results

Leghi G. E. 
et al., 2020 
[14]

Метаанализ / 
Meta-analysis

9 исследо ваний, 
872 женщины / 
9 studies 872 
women

Концентрация 
липидов, 
белков, лактозы 
в молозиве, 
переходном и 
зрелом ГМ / Con-
centration of
lipids, proteins, 
and lactose in 
colostrum, transi-
tional and mature 
BM

Не было выявлено различий в концентрации 
жиров в молозиве между ИВ/ОЖ и НВ. 
В переходном молоке концентрация жира 
была ниже у ИВ/ОЖ по сравнению с НВ. 
В зрелом молоке концентрация жира была 
выше у ИВ/ОЖ по сравнению с НВ. Различий 
в концентрации белка в ГМ между ИВ/ОЖ 
и НВ не было обнаружено в молозиве, 
переходном и зрелом ГМ.
Концентрация лактозы в молозиве была 
выше у ИВ/ОЖ по сравнению с НВ. Не было 
обнаружено различий в концентрации 
лактозы в переходном и зрелом молоке / 
There were no diff erences in fat concentration 
in the colostrum between overweight/obese 
(OW/OB) and normal weight (NW) women. In 
transitional milk, fat concentration was lower in 
OW/OB compared to NW. In mature milk, the fat 
concentration was higher in OW/OB compared 
to NW. No diff erences in protein concentration in 
breast milk (BM) between OW/OB and NW were 
found in colostrum, transitional and mature BM.
The concentration of lactose in the colostrum 
was higher in the OW/OB compared to the NW.  
No diff erences were found in lactose concen-
tration in transitional and mature milk

Bardanzellu F. 
et al., 2021 
[33]

Метаанализ / 
Meta-analysis

15 исследо-
ваний / 
15 studies

Производные 
нуклеотидов, 
5-метилтио-
аденозин, 
сахарные спирты, 
ацилкарнитин и 
аминокислоты, 
полиамины, 
моно- и 
олигосахариды, 
липиды / Nucleo-
tide derivatives, 
5- methylthio-
adenosine, sugar 
alcohols, acylcar-
nitine and amino 
acids, polyamines, 
mono- and oligo-
saccharides, lipids

В молоке матерей с ИВ/ОЖ по сравнению с 
молоком женщин с НВ уровень ПНЖК был 
значительно снижен, отмечено повышение 
уровня НЖК и/или снижение уровня МНЖК 
или изменение соотношения МНЖК/НЖК 
или ПНЖК/НЖК. Содержание метаболитов 
углеводного обмена было повышено по 
результатам большинства исследований. 
Обнаружено повышенное содержание 
шикимовой кислоты, лейцина, изолейцина, 
валина, глутамина, аспарагина, орнитина, 
тирозина, АМФ, аденина, мочевой кислоты, 
сахарных спиртов. Обнаружено снижение 
уровня кинуреновой кислоты, цАМФ, общего 
уровня полиаминов, спермидина, утресина / 
ω-3 PUFAs were signifi cantly reduced in the milk 
of mothers with OW/OB compared to NW, there 
was an increase in SFAs and/or a decrease in 
MUFAs or a change in the ratio of MUFAs/SFAs 
or PUFAs/SFAs. The content of carbohydrate 
metabolites was elevated in most studies. Shi-
kimic acid, leucine, isoleucine, valine, glutamine, 
asparagine, ornithine, tyrosine, AMP, adenine, 
uric acid, and sugar alcohols were elevated. A 
decrease in kynurenic acid, cAMP, total polyami-
nes, spermidine, putrescine was found
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vitamin D concentration of women with BM obe-
sity varies is not well studied. However, research 
indicates that mothers with NW had higher serum 
concentrations of 25(OH)D than obese women do. 
In babies born to mothers with OV/OW, the serum 
concentration of 25(OH)D was reliably lower than 
in infants with NW [31].

Metaboloma Features. Metabolomics is re-
garded by many as the most promising technique 
for examining variations in the composition of 
BM in women with different diseases, including 
obesity. There are several expert groups wor king 
on this right now. Metabolom is a complete set 
of low molecular metabolites — metabolites, 
hormones, and other signaling molecules — 
and se condary metabolites. As per the research 
conducted by E. Isganaitis and colleagues, The 
breast milk of the OV/OW and NW groups dif-
fered in terms of metabolite content one month 
after delivery; 3  out of 10  metabolites were hu-
man milk oligosaccharides and 4 out of 10 were 
nucleotide derivatives. There was a positive 
correlation found between the BMI of the mo-
ther and the accumulation of fat in the infants. 
A composition study of 20 milk metabolites had 
different contents six months after delivery. At 
1 and 6 months, the mother's BMI was favorably 
correlated with the 1.5-anhydrocytol content of 
human milk, which had not before been repor-
ted in milk [32].

F. Bardanzellu and co-author conducted one 
of the largest studies on the metabolomics of BM 
[33] by conducting a meta-analysis of numerous 
publications and considering the characteristics 
of the composition of BM in overweight or obese 
women. In general, a signifi cant increase in the 
ratio of ω-6/ω-3  was observed in the colostrum, 
transition, and mature milk of mothers with OV/
OW. In all but one of the studies included in the 
analysis, the level of ω-3  PUFA was signifi cantly 
reduced in the group of mothers with OV/OW. A 
few studies [34–37] also reported changes in the 
ratios of MUFA/SFA or PUFA/SFA, as well as a rise 
or decrease in the level of SFA. In most studies, 
wo men with OV/OW have been promoted based 
on the content of carbohydrate metabolites such 
as mannose, d-xylose (in the form of its main deri-
vative, xyloloctone), ribose (the essential compo-
nent of DNA, RNA, acetyl coenzyme A, and ATP), 
lycose, glucose-6-phosphate, and 1,5-angydruci-
tol (1,5-AGH) in the BM.

It is also intriguing that the BM women with 
OV/OW had elevated shikimic acid. In a study in 

vitro [38], shikimic acid was discovered to dimi-
nish lipid buildup in hepatocellular carcinoma 
cells and adipocytes. This metabolite displayed 
anti-infl ammatory and antioxidant characteris-
tics in animal models. In the examination of ami-
no acid composition in the BM, numerous amino 
acids (leucine, isoleucine, valine, glutamine, aspa-
ragine, ornithine, and tyrosine) were shown to be 
diff erent in the NW and OV/OW groups [32, 39]. 
In the study by A. de Luca et al., there is evidence 
that the mature milk of obese women includes 
20 % more branched-chain amino acids and 30 % 
more tyrosine than that of eutrophic women [40]. 
Notably, increasing branched-chain amino acids 
can change insulin production and insulin sensiti-
vity, which can lead to obesity in children and ado-
lescents [41]. 6 months after delivery, the amount 
of kynurenic acid is lowered by around 30 % in 
the group of mothers with OV/OW [32]. This acid 
is generated as a result of tryptophan catabolism, 
and tryptophan-kynurenine metabolic pathway 
disruption is considered to promote obesity [42]. 
Among the purine derivatives in the BM of wo men 
with OV/OW at the 1st month of breastfe eding, a 
rise in adenosine monophosphate and its cata-
bolite adenine and a decrease in cyclic ade nosine 
monophosphate [32] were found. Saben et al. 
identifi ed an increase in uric acid in breast-milk 
women with obesity at 6 months of breastfe eding 
[39]. Increased purine exchange can promote 
weight gain long after birth. At the same time, it 
enhances glucose tolerance and insulin sensitivi-
ty during obesity, as well as lowers cardiovascular 
risk [33]. Polyamines of putressin and spermidine 
(and total polyamine levels) have been reduced 
in the BM of women with OV/OW, according to 
the study by Ali et al. [43]. Some research on 
mouse obesity models [44, 45] demonstrates that 
higher levels of polyamines in white adipose tis-
sue, liver, and skeletal muscles boost energy con-
sumption, resisting obesity. They are essential in 
the early stages of adipocyte diff erentiation in 
adipocyte tissue because they alter the expres-
sion levels of transcription factors involved in the 
regulation of adipogenesis at the preadipocyte 
level [46]. These fi ndings suggest that the long-
term eff ects of the BM's decreased polyamine lev-
els may include adverse eff ects on body weight 
gain. The amount of erythrol, arabitol, rabitol, 
and glyce rine sugar alcohols in the BM of moms 
with OV/OW has increased. Hootman et al. [47] 
consi der erythrol to be one of the possible indi-
cators of obesity. There is one case-control study 
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that demonstrates a connection between mater-
nal obesity and elevated arabitol in infants [48].

CONCLUSION
The changed composition of the BM may be 

a factor potentially aff ecting a child born to a 
mother with obesity. 48  research that assessed 
the distinctions in breast milk between wo men 
who are overweight or obese and those who 
are of normal weight, either directly or indirect-
ly, were analyzed. There are diff erences in the 
macronutrient content, micronutrients, meta-
bolites, and biologically active substances in the 
breast milk of obese women. These data serve 
as the foundation for further thorough research 
because single experimental investigations have 
not yet provided a good understanding of the 
mechanisms behind the consequences of these 
alterations on children's health. A thorough exa-
mination of the metabolic traits of children born 
to obese mo thers is necessary to determine the 
causal linkages between alterations in the com-
position of breast milk and the corresponding ad-
vantages or risks. Investigating how obese moms' 
diets and lifestyle changes aff ect the makeup of 
their breast milk could be one pathway for future 
research.
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Abstract. At present, suffi  cient data and information have been accumulated on changes in claudins levels in 
various gastroenterological diseases. However, the issue of claudins content in intestinal pathologies remains 
poorly studied. Currently, post-giardiasis infl ammatory bowel disease (IBS) is being actively studied. According 
to Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing (Rospotrebnadzor) in 
the Russian Federation, giardiasis ranks second after enterobiosis. Every year, up to 70–75 % of children under the 
age of 17 fall ill with it. In addition, there is evidence that 5 to 10 % of children diagnosed with IBS were previously 
infected Lamblia intestinalis. Giardiasis attacks the intestinal barrier and promotes the degradation of tight 
junction proteins such as Zo-1, claudin-1 and claudin-4. Claudins levels were decreased due to damage to the 
intestinal barrier. The role of excess claudins in IBD remains controversial. The studies examine the positive and 
negative eff ects of claudine-isoform levels on the human body depending on conditions. In addition to diseases, 
the level of claudins also depends on the content of cytokines.
Key words: claudin; giardiasis; irritable bowel syndrome (IBS); infl ammatory bowel disease (IBD); intestinal barrier.
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Резюме. На сегодняшний день накоплено достаточно сведений и информации об изменениях уровня кла-
удинов при различных гастроэнтерологических заболеваниях. Однако до сих пор остается малоизучен-
ным вопрос содержания клаудинов при кишечных патологиях. В настоящее время ведется активное из-
учение постлямблиозного синдрома раздраженного кишечника (СРК). По данным Роспотребнадзора, в 
Российской Федерации лямблиоз занимает второе место после энтеробиоза. Ежегодно им заболевают до 
70–75% детей в возрасте до 17 лет. Кроме того, имеются данные, что от 5 до 10% детей с выявленным 
СРК были ранее инфицированы Lamblia intestinalis. Лямблиоз поражает кишечный барьер и способствует 
деградации белков плотных контактов, таких как Zo-1, клаудин-1 и клаудин-4. Уровень клаудинов был по-
нижен в связи с поражением кишечного барьера. Вопрос о роли избыточного содержания клаудинов при 
ВЗК остается спорным. В исследованиях рассматриваются положительные и негативные влияния уровня 
изоформы клаудина на организм человека в зависимости от условий. Помимо заболеваний, уровень клау-
динов зависит также от содержания цитокинов.
Ключевые слова: клаудин; лямблиоз; синдром раздраженного кишечника (СРК); воспалительные заболева-
ния кишечника (ВЗК); кишечный барьер.
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INTRODUCTION
The primary constituents of the dense com-

pounds found in the epithelial cells of vertebrates 
are several integral membrane proteins belon ging 
to the claudine family [1]. Dense compounds, also 
known as contacts, are complex structures that 
operate as a paracellular barrier between the api-
cal and basolateral regions of the plasma mem-
brane, regulating specifi c permeability and pre-
serving cellular polarity.

Claudines consist of four transmembrane 
α-helices, two extracellular loops with variable 
amino acid sequences, and short cytoplasmic N- 
and C-ends. Extracellular loops, notably the fi rst, 
participate in the creation of ionoselectic chan-
nels due to homophilic and heterophilic contacts 
between claudines on adjacent cell membranes 
[2]. There are now 27  known kinds of claudines. 
The full range of functions of these proteins is 
unknown and continues to be studied. Lal-Nag 
and M. Morin demonstrated that transdermal wa-
ter loss caused dehydration in mice harboring 
Claudin-1. [3, 4]. In mice lacking claudine 11 and 14, 
the loss of dense connections from the basal cells 
of the vascular strip resulted in the development 
of deafness. Due to the loss of nerve conductivity 
along peripheral myelinated fi bers and Schwann 
cell densities, claudine-19  defi ciency resulted in 
behavioral abnormalities. According to other re-
search, individuals with infl ammatory bowel dis-
ease (IBS) have lower levels of claudine-1 protein 
expression, which is correlated with the illness's 
protracted course [5, 6]. The diversity of claudines 
thus points to a critical role for them in the con-
trol of paracellular transport and the operation 
of dense connections. The link between claudine 
structure and function, expression regulation 
mechanisms, and the pathological consequences 
of dysregulation of these dense contact proteins 
(DCP) are the subjects of an increasing amount of 
research. Determining the DCP level for diff erent 
diseases is of some importance.

INFLAMMATORY BOWEL DISEASE
One of the most frequent bowel pathologies 

are infl ammatory bowel disease (IBD) — Crohn’s 
disease (CD) and ulcerative colitis (UC). It has been 
suggested that a change in the level of Claudine 
plays a role in the pathogenesis of IBD [7]. Indeed, 
the anomalies of most of the claudin isoforms 
lead to impaired intestinal barrier functions [8]. 
A number of studies have been conducted on pa-
tients with UC and CD [9]. Changes in the level of 

claudine under the IBD were detected based on 
a study of the intestinal epithelium biopsy mate-
rial. Ulcerative colitis increased the expression of 
claudine-1, -2 and -18 and lowered the regulation 
of claudine-3, -4 and -7. CD also showed elevated 
levels of claudine-1 and claudine-2 and decreased 
expression of claudine-3  in the intestine epithe-
lium [10].

In their study, Preeti Raju and Nitesh Shashikanth 
conclude on the pathogenic role of elevated le vel 
of claudine-2  in the development of colitis and 
try to solve this problem by exposure to casein ki-
nase-2 [11]. The authors argue that such a solution 
requires further research and could be used as a 
CMV therapy. However, there is a contrary view. 
C.T. Capaldo and Claudin Barriers have shown re-
sistance to colitis at high levels of claudin [12]. This 
hypothesis was demonstrated in an experiment 
with mice that were transgenically modifi ed for in-
creased production of claudine-2. Claudine-2  was 
later shown to be protective of chemically in-
duced and pathogen-induced colitis. In places with 
pathologies such as immuno-mediated colitis, high 
levels of claudine-2 exacerbate the disease, and the 
removal of this isoform of claudine is benefi cial.

Other isoform studies suggest the important role 
of Claudines in the IBD — participation in cell proli-
feration and migration at the cellular level. However, 
claudine-2  increases the fl ow of antigens to diff e-
rent tissues. This may be due to the eff ect of clau-
dine-2 expression on cell division. If the damage is 
due to a pathogen, high levels of claudine-2  can 
have a positive eff ect by accelerating regeneration 
processes. However, in case of chronic damage, the 
increased isoform content is destructive due to the 
enhanced action of antigens. Thus, the elevated 
content of claudine may in diff erent cases indicate 
benefi cial and pathogenic changes [13].

To diagnose infl ammatory bowel disease, it is 
essential to determine the level of claudine. Some 
studies show a relationship between dense contact 
lesions and the level of claudine-3  in urine in pa-
tients with IBD. In this pathology, the level of clau-
dins in urine is increased dramatically [14, 15].

In addition to infl ammatory bowel diseases, the 
content of claudine also varies with irritable bowel 
syndrome. According to some reports, the expres-
sion of claudine-1 decreases in patients with IBS [16].

IRRITABLE BOWEL SYNDROME
The IBS is a set of functional impairments that 

include abdominal pain, lessening after the act 
of defecation, occurring at least three days per 
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month during the last three months, with a to-
tal duration of at least 6 months [17]. It has been 
proven that the level of claudine-1  in patients 
with IBS with diarrhea is lowered [18, 19].

Some cytokines play an important role in chan-
ges in the level of claudine under the IBS. Tumor 
necrosis factor alpha (TNFα) and interferon-gamma 
contribute to the degradation of dense contacts by 
aff ecting the claudins. These cytokines are often 
found in tests of patients with IBS. Thus, cytokines 
are involved in altering the epithelial barrier by af-
fecting claudine [20, 21]. A study by V. Ivashkin and 
Y. Poluektov demonstrates changes in cytokines 
and claudins at IBS [22].

A number of conclusions were drawn from the 
data. In IBS, a statistically signifi cant increase in 
the expression of fl ammable cytokine TNFα and 
cytokine IL-2  is detected. The anti-infl ammatory 
cytokine IL-10 content in the bioptat was signifi -
cantly reduced, as was the content of claudine-3, 
-5 [23, 24]. The authors suggest that the level of 
claudine is reduced by the degranulation of mast 
cells due to the release of tryptase. In addition, 
degranulation causes the release of infl ammation 
mediators and activates lymphocytes, resulting in 
cytokine imbalance [25].

AFTER GIARDIASIS IRRITABLE 
BOWEL SYNDROME

Giardiasis is one of the most common diseases 
in the world. The causative agent is Giardia lam-
blia, transmitted by fecal-oral via direct or indirect 
contact of the parasite cysts with water and food 
[26, 27]. Symptoms of giardiasis may be absent or 
exhibit acute watery diarrhea, nausea, epigastric 
pain [28–30].

Infection of Lamblia intestinalis can provoke 
the development of post-exposure IBS, contri-
buting to the destruction of the intestinal barri-
er. A number of studies have been carried out 
on newborn mice with exogenous infection. 
Hypersensitivity syndrome was found in mice 
50  days after infection, due to nausea, crypt hy-
perplasia and increased immune cell count. The 
work also found an intercellular bacterial translo-
cation through the epithelial barrier, which can be 
observed with giardiasis [31]. In addition, the au-
thors concluded that giardiasis causes persistent 
damage to dense contacts, especially claudin. 
Bacterial translocation was associated with in-
creased neutrophilic infi ltration. Proinfl ammatory 
cytokines also played a key role in the process, 
with an increased number of them. For exam-

ple, mice showed elevated levels of interferon-α 
and interferon-γ, TNF, and IL-1 [32]. Thus, bacte-
rial infl ammation may persist after the removal of 
giardia for a long time, which may contribute to 
the development of post-infectious intestinal dis-
orders [33].

Other studies found a high prevalence of giar-
diasis infection in patients with IBS in duodenal 
biopsy and stool research. The authors conclude 
that infection of Lamblia intestinalis may be one 
of the possible causes of symptoms in patients 
with IBS [34, 35]. There are also studies showing 
inverse relationships. Many patients diagnosed 
with IBS are susceptible to infection with Lamblia 
intestinalis [36]. At the same time, the change in 
the level of clausines in the case of a post giardia-
sis IBS remains an issue of discussion.

CONCLUSION
Thus, varied claudine contents are shown by 

these illnesses; yet, claudine can still be harm-
ful and speed up the progression of sickness. 
The problem was not thoroughly investigated 
and needed to be given more careful thought. 
Nonetheless, claudins play a signifi cant diagnos-
tic function in gastrointestinal diseases, and phy-
sicians should modify the course of treatment for 
patients with IBD and IBS based on their claudine 
levels.
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INTRODUCTION
Dysphagia (diffi  cult swallowing) is a distur-

bance of the normal fl ow of food at the beginning 
of swallowing or when passing through the eso-
phagus. Dysphagia is a common complaint, the 
frequency of which varies between adults and 
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Резюме. Дисфагия (затруднение глотания) — это нарушение нормального прохождения проглатываемой 
пищи в начале глотания или при прохождении по пищеводу. Выделяют орофарингеальную и пищеводную 
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внезапной смерти. Пищеводная дисфагия может быть вызвана различными заболеваниями, анатомиче-
скими аномалиями отделов пищеварительного тракта, нервно-мышечными расстройствами. В обзоре 
представлены клинические проявления, диагностика и лечение пищеводной дисфагии.
Ключевые слова: пищеводная дисфагия; диагностика дисфагии; лечение дисфагии.

children, as they have a diff erent disease spec-
trum. According to some data, the incidence of 
dysphagia in case of emergency may reach more 
than 30 % of cases [1].

Dysphagia is a life-threatening disorder, as 
patients with dysphagia are at increased risk of 
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malnutrition and withdrawal, cachexia, aspira-
tion pneumonia, and obstruction of the respira-
tory tract [2–5]. Dysphagia is also associated with 
increased risk of death, poor quality of life, in-
creased disability and longer hospital stays [3, 6, 
7]. Dysphagia of any degree aff ects the nutritio-
nal status of the patient and is the most important 
cause of progression of protein-energy defi ciency 
(PED) in children with infantile cerebral palsy (ICP) 
[4, 8, 9]. Dysphagia also signifi cantly worsens the 
prognosis and complicates the rehabilitation of 
the patient [3].

Dysphagia is increasingly found in paediatric 
practices, especially as advances in health im-
prove the survival of extremely premature chil-
dren and children with complex congenital ab-
normalities [10]. Infancy and childhood are times 
of physical growth and cognitive development. In 
order for children to develop fully, they must be 
able to consume suffi  cient energy and nutrients 
safely and securely. Diffi  culty swallowing (dyspha-
gia) in children can have a detrimental eff ect on 
food consumption and thus on growth and deve-
lopment [11]. Infants and children with nutritio-
nal diffi  culties are at high risk of aspiration, which 
can lead to recurrent aspiration pneumonia and 
chronic respiratory diseases [12]. As a result, it is 
essential to accurately identify and properly treat 
dysphagia in the paediatric population [11].

Prevailing global trends in the study of dysphagia 
and growing public awareness of the quality of life 
and its far-reaching implications for health suggest 
that research on dysphagia will gain further popu-
larity [13]. Registers of patients suff ering from dys-
phagia as well as gastronomic children with possible 
causes of gastrostomy are being established [14, 15].

MATERIALS AND METHODS
Using PubMed and elibrary bases using the 

keywords “esophageal, dysphagia, esophageal, 
dysphagia” found 2196  sources. The analysis se-
lected 53 sources for review.

DEFINITION
The term “dysphagia” is commonly used to de-

scribe the subjective sensation of having diffi  culty 
swallowing during a bolus going from the mouth 
to the stomach or feeling obstruction when swal-
lowing [16]. In clinical practice, it is more accurate-
ly described as the feeling of food or fl uid stuck in 
the esophagus or thorax [17]. Dysphagia is seen 
as an obstruction in a person’s initial swallowing 
(usually defi ned as rotoglobulic dysphagia) or a 

sense of an obstruction of food or fl uid from the 
oral cavity to the stomach (usually defi ned as eso-
phageal dysphagia) [18]. Esophageal dysphagia 
is called the lower, because the unpleasant sen-
sations and their causes are related mainly to the 
lower part of the esophagus [1].

AETIOLOGY
Dysphagia (abnormal swallowing) can be the 

result of a wide range of diseases and disorders [2, 
5]. Dysphagia is the most characteristic symptom 
lesion of esophageal [23].

There are several major states that are most 
common to esophageal dysphagia [1]: obturation 
of the esophagus lumen by the foreign body (of-
ten causes acute dysphagia) [24, 25]; lesion of the 
mucosa, which leads to narrowing of the lumen 
due to infl ammation, fi brosis or neoplasia [26]:

• gastroesophageal refl ux disease (esophageal 
peptic stricture) [1, 18, 24, 25];

• sidereal dysphagia or Plummer-Vinson syn-
drome (esophageal rings and connecting 
membranes) [22];
– esophageal tumors, chemical lesions 

(ingestion of caustic fl uids, medicinal 
esophagitis, sclerotherapy of esophageal 
varicose veins) [1, 2, 18];

– radiation injuries, infectious esophagitis;
• mediastinum diseases that cause esophageal 

obstruction by direct invasion or by increa-
sing lymph nodes [22]:
– tumors (including lung cancer, lymphoma) 

[26];
– infections (including tuberculosis, histo-

plas mosis);
– cardiovascular diseases (atrial dilation, 

aortic aneurysm) [22];
• neuromuscular diseases aff ecting the smooth 

muscles of the esophagus and the submu-
cosal nervous plexus disrupting the peristal-
tic thoracic region of the esophagus or lower 
esophageal sphincter (LES) or both [1, 27, 28]:
– cardia achalasia [1, 29];
– scleroderma [22];
– other motor disorders (esophagospasm, 

cardiospasm);
– esophageal diverticular [22];
– post-surgical condition (fundoplication 

and other anti-defects) [1].
Problems with salivation, swallowing and feed-

ing are observed in premature children, children 
with perinatal brain damage, after ischemic stroke 
and intraventricular bleeding [6, 30], patients with 
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cerebral palsy, in children with soft and hard palate 
crevices, laryngomalacia, patient with tracheosto-
my cannula, after prolonged intubation. Dysphagia 
in children is more common among patients with 
cerebral palsy [4, 14]. According to some authors, 
up to 46 % of cases of dysphagia in children are 
patients with cerebral palsy [14, 22]. Diffi  culties in 
eating and drinking are also recognized sources of 
ill health in people with dementia [7].

Pronounced symptoms of dysphagia are cha-
racteristic of patients with eosinophilic esophagitis, 
which is becoming increasingly common [22, 27, 29, 
31]. The incidence of dysphagia when eating solid 
consistency in such patients is 29–100 % [32].

Esophageal dysfunction caused by opioids is 
becoming increasingly common [27].

Functional dysphagia (FD) is the most rare dis-
order (less than 1 %) [18].

Refractory psychogenic dysphagia as functio-
nal laryngeal-pharyngeal disorder [33] has been 
increasing over the past few years.

Dysphagia should not be confused with the 
feeling of a “lump in the throat”, which is not re-
lated to the act of swallowing and food fl ow dis-
turbance [34, 35].

EPIDEMIOLOGY
Based on limited data, the prevalence of dys-

phagia in the general population is estima ted 
at around 20  per cent and is estimated to be 
50 to 66 per cent of people over 60 years of age. 
Dysphagia is more common in women than in 
men in all age groups. Elderly, stroke patients 
with a history, Alzheimer’s disease or lateral amyo-
trophic sclerosis are more likely to complain about 
dysphagia. In younger people, dysphagia is often 
associated with a major systemic disease such as 
autoimmune diseases, gastroesophageal refl ux 
disease (GERD) or eosinophilic esophagitis [36].

The incidence of dysphagia in the provision of 
emergency medical care reaches 33 %, and the ana-
lysis of data on home care shows that 30-40 % of pa-
tients have abnormalities of swallowing, which lead 
to a large number of aspiration complications [18].

Esophageal dysphagia is less common, 15–
20 % of cases [37].

CLINICAL PICTURE
Clinical signs of abnormality in the esophage-

al phase of swallowing: the sensation of “sticking” 
food behind the breasts, regurgitation [38].

Esophageal dysphagia may be accompanied by 
salivation, but not as pronounced as in oropharyn-

geal dysphagia. It is typical of hoarse-elk and voice-
age, especially after sleep. Patients may complain 
about the sensation of a “lump in the throat”, the 
feeling of a lump of food in the throat or esopha-
gus, heartburn and burping, pain in the upper ab-
domen and behind the sternum. The chest pains 
may be quite severe and tend to increase. The ap-
pearance of a severe refl ex cough is a consequence 
of the throwing of food masses into the larynx and 
trachea. As a rule, patients are forced to drink any 
food [37]. Some esophageal dysphagia patients, 
caused by cardia achalasia, may complain of diffi  -
culty swallowing in the cervical portion of the eso-
phagus, which mimics oropharyngeal dysphagia. 
Esophageal dysphagia occurs equally after inges-
tion of both solid and liquid foods, often leading 
to suspicions of motor esophageal disorders. This 
suspicion is heightened when intermittent dyspha-
gia is accompanied by chest pains in both solid and 
liquid foods [22].

Patients also suff er loss of body weight, nutri-
tional status change [3, 9].

In children with gastroesophageal refl ux dis-
ease, dysphagia is more common intermittently 
and occurs in the early stages of the disease, usu-
ally due to hypermotor esophageal dyskinesia [2].

Appearance of persistent dysphagia with si-
multaneous reduction of heartburn may indicate 
formation of esophageal stricture [39].

DIAGNOSIS
Diagnosis of dysphagia — multi-stage process 

[40]. Examination of a patient with dysphagia re-
quires structured assessment to identify func-
tional, neurological, infl ammatory and malignant 
causes [36, 41].

Diagnosis of swallowing disorders is multifa-
ceted and includes anamnestic method, methods 
of clinical examination (neurological examination 
of soft palate in rest and background, determina-
tion of palate or throat refl exes, swallowing test) 
as well as tools [20, 41].

Collecting a clinical history helps determine 
the type of dysphagia and can guide diagnostic 
testing. Important questions to ask patients with a 
disorder include specifi c features of dysphagia, its 
onset and progression, associated problems and 
eating habits taken to alleviate symptoms [28].

It is advisable to test the ingestion act and the 
off -road consistency of various foods toge ther 
with a swallowing specialist or clinical speech 
therapist. It is necessary to pay attention to the fear 
of a sip in the patient, the leak of food, liquids and 
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saliva, unusual position when swallowing. If there 
is productive contact with the patient it is possible 
to identify complaints of pain when swallowing 
and refusal of certain dishes and drinks [22].

Assessment of the patient’s ability to swallow is 
necessary at any stage of the patient’s follow-up, 
especially for those showing signs of dysphagia, 
in order to prevent more serious complications 
such as aspiration and the risk of death [42].

Patients with esophageal dysphagia should 
be referred to upper esophageal endoscopy, as 
this test will help eliminate mechanical obstruc-
tion or inflammation, or provide evidence that it 
may be esophageal dysfunction. In fact, almost 
every algorithm aimed at treating esophageal 
symptoms begins with an endoscopy of the up-
per esophagus, as this will determine the curable 
etiology and eliminate malignant neoplasm [10, 
17, 27, 29, 43].

Endoscopic examination allows detailed ex-
amination of mucous membrane condition, eso-
phageal permeability, the presence of fi stula, 
diverticulum, etc. The undeniable advantage of 
endoscopic examination is its functionalities to 
simultaneously use additional diagnostic and the-
rapeutic capabilities [40, 44]. Endoscopy serves 
as a test of choice in case of suspicion of obstruc-
tion or gastroesophageal refl ux disease, since bio-
psy can confi rm the presence of esophagitis and 
provide specifi c pathological identifi cation of ob-
structive lesion [28].

Contrast X-ray examination of the esophagus 
with barium [17, 20, 22, 27] may also be required 
for differential diagnosis. X-ray examination 
with contrast is available, safe and informative 
enough, and the combination of fluoroscopy 
and roentgenography reveals not only morpho-
logical but also functional changes [40]. X-ray 
examination of esophagus is additionally car-
ried out for differential diagnosis of GERD with 
other organic lesions of esophagus, for diagno-
sis of complications of GERD, such as esophageal 
stricture and esophageal tumor, for detection of 
secondary disorders of esophageal motor func-
tion [18]. X-rays examinations can be used to as-
sess esophagus for structural abnormalities (e.g., 
membranes, diverticula, strictures, neoplasms) 
and to assess function (e.g., swallowing mecha-
nism and esophageal motor). A thorough X-ray 
assessment with an individual approach can help 
to avoid misdiagnosis [16, 43].

If, after an X-ray and endoscopic examination, 
an obvious source of dysphagia is not identifi ed, 

the possibility of manometry to detect possible 
motor dysfunction should be considered [22, 28, 
43, 45]. Highresolution manometry (highreso-
lution manometry  — HRM) is a state-of-the-art 
high-tech esophageal motor function research 
method. HRM is used to diagnose most esopha-
geal diseases in which there are functional motor 
disorders. The examination is mandatory for pa-
tients who complain about dysphagia, in order to 
identify motor impairments of the LES and throat 
[17, 46]. When carrying out esophageal manom-
etry in patients with dysphagia, chest pain may 
detect other (except achalasia) disorders of the 
eso phagus peristaltic, accompanied by prema-
ture contractions or hypercontraction’s, such as 
hypercontractile esophagus and distal esopha-
gospasm [47]. It is also possible to define frag-
mented, ineffective peristalsis or its absence as 
possible causes of dysphagia symptom forma-
tion [48].

To exclude eosinophilic esophagitis, the eso-
phageal mucosal bioptat is studied [49]. A daily 
pH-metre of the esophagus is performed if the 
patient complains of heartburn and the GERD [18] 
must be deleted.

TREATMENT
Proper treatment depends on the cause of dys-

phagia [10].
In older children with classic GERD symptoms, 

an empirical prescription of proton pump inhibi-
tors (PPI) within 4-8 weeks is warranted. PPI play 
a key role in the treatment of GERD, but have not 
been found useful in infants with GER [50].

Patients with eosinophilic esophagitis are 
shown local steroid therapy [17].

Endoscopic methods of esophageal and esopha-
geal anastomosis recovery are eff ective and safe 
and have a low frequency of complications [51].

The main trend today is the use of minimally 
invasive endoscopic methods. Thus, in the pres-
ence of esophageal strictures and anastomoses, 
various types of explosions, balloon dilation, elec-
tric dissection, stenting and operative treatment 
are used [40].

Esophageal endoprosthesis in case of stenosis 
or compression from outside is a low-traumatic, 
safe and eff ective intervention. Endoprosthesis 
by self-healing stents ensures a suffi  ciently wide 
clearance of the digestive tube, nutritional nutri-
tion, as a rule, does not require repeated thera-
peutic interventions, thus improving the quality 
of life of this category of patients [52].
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Rehabilitation is shown for all patients with 
dysphagia in CNS diseases. Patients require su-
pervision and multidisciplinary team treatment 
and rehabilitation, including nutritional support, 
physical training and physiotherapy, speech the-
rapy, pain therapy, psychological correction [53].

The treatment of functional dysphagia includes 
an explanation of the disease, its transient nature 
and favorable prognosis, as well as the following 
recommendations: avoid provoking factors, eat up-
right, thoroughly chew food and drink it. Sometimes 
IPP, antidepressants [1] can be eff ective.

CONCLUSION
Esophageal dysphagia is a common patholo-

gy in the practice of doctors of various specialties. 
Dysphagia has an extremely negative impact on 
the quality of life, leads to severe complications of 
the respiratory system, causes dehydration, ener-
gy metabolism disorders, cachexia and aggrava-
tion of disability. It signifi cantly worsens the prog-
nosis and complicates the rehabilitation of the 
patient. It should be borne in mind that dysphagia 
or malnutrition are always associa ted with a high 
risk of medical complications, being a predictor of 
poor functional recovery and increasing the risk of 
sudden death. Dysphagia can be caused by many 
diseases, anatomical abnormalities in the diges-
tive tract, and neuromuscular disorders. In diag-
nosis, the most common methods, in addition to 
the interpretation of symptoms, medical history 
and physical asses sment, are endoscopy, barium 
X-ray and esophageal manometry. Treatment ap-
proaches depend on the etiological cause of eso-
phageal dysphagia and include both conservative 
and operative methods.
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Abstract. The spectrum of collagen diseases of the digestive tract is diverse and is divided into three categories: 
collagenous gastritis, collagenous sprue (collagen enteritis) and collagenous colitis. According to N. Nyhlin et al. 
(2006), the total annual incidence of CC in the adult section is 4–6 cases per 100,000 people, being one of the causes 
of chronic diarrhea in elderly patients. It is known that in pediatric practice, the most common form is collagenous 
gastroenteritis, which is often the cause of severe iron defi ciency anemia, which reacts to oral iron supplements, but 
may recur after drug withdrawal. The disease can be considered as a new possible cause of severe iron defi ciency 
anemia and abdominal pain in children, therefore it is an urgent topic for randomized trials today. The literature 
review presents data from the analysis of scientifi c publications of compatriots and foreign colleagues related to 
collagen diseases in children, in order to increase awareness and alertness about the pathology.
Key words: collagenous gastritis in children; chronic gastritis; collagenous colitis; microscopic colitis; collagenous 
sprue; severe iron defi ciency anemia in children.
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Резюме. Спектр коллагеновых заболеваний пищеварительного тракта разнообразен и делится на три ка-
тегории: коллагеновый гастрит, коллагеновая спру (коллагеновый энтерит) и коллагеновый колит. По дан-
ным N. Nyhlin и соавт. (2006), общая годовая заболеваемость коллагеновый колитом во взрослой популяции 
составляет 4-6 случаев на 100 000 человек, являясь одной из причин хронической диареи у пожилых паци-
ентов. Известно, что в педиатрической практике наиболее встречающейся формой является коллагеновый 
гастроэнтерит, нередко являющийся причиной тяжелой железодефицитной анемии, которая реагирует на 
пероральные добавки железа, однако может рецидивировать после отмены препаратов. Заболевание 
может рассматриваться в качестве новой возможной причины тяжелой железодефицитной анемии и 
болей в животе у детей, потому является актуальной в настоящее время темой для проведения рандоми-
зированных исследований. В литературном обзоре представлены ы данные анализа научных публикаций 
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The spectrum of collagen diseases of the diges-
tive tract is diverse and is divided into three cate-
gories: collagen gastritis (СG), collagenous sprue 
(collagen enteritis — CE) and collagen colitis (CC) 
[1]. N. Nyhlin et al. (2006) report that the adult 
popu lation's overall yearly incidence of collagen 
colitis is 4-6 instances per 100,000 individuals. This 
condition is one of the reasons why older patients 
experience chronic diarrhea [2]. Collagen gastritis 
is linked to the deposition of collagen in the sub-
epithelial layer of the stomach lining in pediatric 
practice, as per the fi ndings of study by Timo Käppi 
et al. and Changqing Ma et al. [3, 4]. Although there 
have been reports of kid cases with separate colla-
gen colitis and enteritis [5, 6], they are almost inva-
riably associated with collagen gastritis.

It is noteworthy that a 12-year study of the 
case of collagen gastritis in a woman described by 
Colletti et al. revealed progressive atrophy of the 
glands, intestinal metaplasia, linear neuroendo-
crine hyperplasia and changes in the surface epi-
thelium, interpreted as uncertain for dysplasia [7]. 
The study conducted a dynamic study of stomach 
mucosa bioptates (within 12 years) of a girl whose 
symptoms (epigastric pain, anemia, hemopty-
sis and hematohesy) fi rst appeared at age 14. 
Histologically, subepithelial collagen bands up to 
75 μm thick and infl ammatory infi ltrates in a large 
number of bioptates have been identifi ed in the 
stomach lining since the onset of symptoms, con-
fi rming the diagnosis of “collagen gastritis”. This 
evidence suggests that patients with collagen 
gastritis may have an increased risk of developing 
neuroendocrine stomach tumors and adenocarci-
nomas, but such cases have not yet been docu-
mented in the literature.

Many researchers consider СG as a chronic dis-
ease with a benign current. According to research 
Timo Käppi et al. There is insuffi  cient evidence of 
CG pathogenesis and anemia as a clear reason for 
patients seeking treatment [3]. However, the se-
verity of the anaemia, as well as possible relapses 
after the cessation of iron supplementation, rep-
resent a need to increase knowledge of patholo-
gy among physicians of all specialties, especially 
gastroenterologists.

Collagen gastritis is a rare gastrointestinal 
disease, fi rst described in 1989  by Colletti et al. 
a 15-year-old girl with recurring abdominal pain 
and bleeding from the upper gastrointestinal 
tract [8]. This patient and fi ve other cases were for 
the fi rst time repelled by Colletti et al. in 1998, in 
its work [9], which aroused the particular interest 
of the scientifi c community in this issue. Analysis 
of scientifi c publications of foreign colleagues [3] 
from 1989 to 2020 revealed no more than 300 ca-
ses of observation of collagen gastritis, one third 
of which are children. The current literature on 
CG with infancy consists mainly of clinical case 
reports, except for the description of six patient 
sample series (sampling criterion — detection of 
collagen band more than 10 μm thick in the sub-
epithelium of the stomach lining) and three histo-
pathological studies with limited clinical informa-
tion and follow-up data. It should be noted that 
knowledge about the evolution of clinical, en-
doscopic and histological features of the disease 
over time is scarce, and pathogenesis remains in-
suffi  ciently studied.

From the etiological point of view, the most 
common causes of the development of chronic gas-
tritis (such as toxic, allergic, eosinophilic gastritis, 
sarcoidosis, histiocytosis, ischemic gastritis, chro-
nic granulomatosis, etc.) have not been detected in 
patients with collagen gastritis. Helicobacter pylori 
also does not appear to be a fundamental part of 
the pathogenesis, and the causative barricade did 
not improve collagen gastritis.

Studies by Hugh J. Freeman (2005) indicate 
that it is currently unclear which triggers may 
cause collagen deposition in the mucous mem-
brane of the digestive tract, and whether this 
mechanism is a by-product or cause of symptoms. 
Pathophysiological mechanisms of increased 
collagen synthesis in gastric mucosa have not 
been described so far in scientifi c publications, 
but there are works in which there are suspected 
mechanisms of collagen deposition at collagen 
colitis, that, given the paucity of knowledge on 
whether collagen diseases of the digestive tract 
are a single spectrum of diseases, may be applica-
ble to collagen gastroenteritis [10].

соотечественников и зарубежных коллег, связанных с коллагеновыми заболеваниями у детей, с целью боль-
шей осведомленности и настороженности по поводу данной патологии.
Ключевые слова: коллагеновый гастрит у детей; хронический гастрит; коллагеновый колит; микроско-
пический колит; коллагеновая спру; тяжелая железодефицитная анемия у детей.
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D.A. Stampfl  and L.S. Friedman, in their work 
on the pathophysiology of collagen colitis [11] 
hypothesized that collagen synthesis by the peri-
cryptal myophyblasts could be a likely explana-
tion for collagen. In the same paper, it is postu-
lated that the subepithelial strip of collagen in 
digestive tract collagen diseases consists of type 
III collagen with a reduced content of type I colla-
gen. Type III collagen is produced by subepithelial 
fi broblasts to restore mucosa after infl ammation. 
The basal membrane of the normal gastrointes-
tinal tract consists of type IV collagen, indicating 
the fact of increased collagen synthesis not as a 
primary process, but rather reparative [10]. Other 
researchers have found that the collagen band 
at CC consists mainly of tenascine (glycoprotein 
extracellular matrix) and collagen type VI, as well 
as some type III collagen [12]. Tenascin is consi-
dered a marker of proliferation and migration of 
mesenchymal cells; therefore, the authors imply 
high fl ow of extracellular matrix with formation of 
immature, loosely interstitial collagen matrix [12]. 
Collagen fi laments of type VI help to connect cells 
to the extracellular matrix [12], this may explain 
why the collagen band can both break down and 
simultaneously form on other parts of the mucous 
membrane. However, the expression of the gly-
coprotein of the extracellular matrix is transient 
and is often limited to embryonic development. 
In the embryo, the expression of tenascine occurs 
in certain areas, such as the nerve crest, and then 
in areas where skeletal tissue is formed. It is re-ex-
pressed in certain adult tissues during normal and 
pathological tissue remodeling, such as oncoge-
nesis or wound healing. In this case it seems most 
likely that tenascin is present as part of the repara-
tive process after tissue damage and infl amma-
tion, rather than playing any etiological role in the 
pathogenesis of collagen diseases of the digestive 
tract [12].

It should be noted that at present the patho-
physiology of the disease is still not fully studied. 
Contrary to the above hypothesis, that increasing 
collagen synthesis in the mucous membrane of the 
digestive tract is not a primary process, but rather a 
postinfl ammatory reaction, a hypothesis was la ter 
put forward in research, subepithelial deposition 
of collagen and protein exudate occurs due to in-
creased vascular permeability [13, 14].

Based on previously published reports on cas-
es of the disease, two phenotypes of CC were de-
scribed: “children” and “adult” [4]. It is not clear 
whether they are part of the same spectrum 

of pathology or not. In children, infl ammatory 
changes and collagen deposition in the mucous 
membrane are usually limited to the stomach [3]. 
In contrast, adult form is associated with diff use 
collagen lesions of the gastrointestinal tract, more 
often collagen colitis and other autoimmune dis-
orders such as celiac disease or diabetes mellitus 
[3]. Collagen deposition and infl ammatory infi ltra-
tion in adults can be determined throughout the 
gastrointestinal tract. Gastrointestinal symptoms 
in adults include abdominal pain, abundant diar-
rhea without blood impurity in the stool, and the 
development of malabsorption syndrome with 
protein loss.

In 1998, Colletti et al. also reported the fi rst 
“adult” phenotype observed in an 11-year-old 
boy [9]. Currently there are several cases of “adult” 
phenotype in pediatric patients [5, 9, 15]. Data are 
presented showing the occurrence of collagen 
gastritis in children in combination with colla-
gen colitis. For example, in the comparative study 
Changqing Ma et al. 31 cases of collagen gastritis 
(10 cases in children and 21 cases in adults) were 
analyzed, their clinical, endoscopic, pathologi-
cal and subsequent results were described. Both 
children and adults had similar clinical symptoms, 
such as anemia (50 and 35 % respectively), epigas-
tric/abdominal pain (50  and 45 %) and diarrhea 
(40 and 55 %). Associated immune disorders were 
found in 2 (20 %) children and 3 (14 %) adults [4]. 
It should be noted that histologically diff erences 
between children and adults with the manifes-
tation of collagen gastritis are also not revealed: 
changes in the mucous membrane in the locali-
zation of stomach lesions, the mean thickness of 
the collagen layer and the amount of eosinophils 
were found to be equivalent in two study groups. 
Extragastric collagen lesions have also been ob-
served with a comparable frequency in each co-
hort (44 % and 59 %). Follow-up information was 
available for 22  of 31 (71 %) patients. In spite of 
the drug treatment, 100 % of children and 82 % of 
adults have retained their clinical histology. Thus, 
it has been proved that there are no signifi cant 
clinical pathological diff erences between pediat-
ric and adult patients with collagen gastritis [4].

DIAGNOSIS
According to the research Timo Käppi et al. 

Six out of 15  children (45 %) reported recurrent 
abdominal pain at targeted collection, although 
in most cases the pain was not described as in-
tense or aff ecting daily life. However, in the only 
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patient with associated collagen colitis, recurrent 
diarrhea dominated among the presented symp-
toms, despite supportive therapy. Other clinical 
manifestations also described: heartburn and/or 
dysphagia, nausea, constipation, bloating, insuf-
fi cient weight gain, episodes of gastrointestinal 
bleeding, swelling, etc. In summary, the main com-
plaint is often anemia (e.g., complaints of fatigue 
and pallor) combined with gastrointestinal symp-
toms, including iron defi ciency anemia, which in 
some cases triggered a diagnostic examination, 
it was a random fi nd discovered when patients 
sought medical attention. The etiology of anemia 
in CG is thought to be blood loss associated with 
damage to the dilated capillaries captured by the 
sub-epithelial collagen band. Timo Käppi Wolving 
and others. The study notes that in some cases the 
clinical and/or endoscopic signs of gastric bleeding 
in children with CG do not correlate with the se-
verity of anemia, which often relapses against the 
backdrop of supporting iron therapy. The authors 
suggest that iron defi ciency in these patients may 
be the result of reduced absorption of iron due to 
stomach hypochlorohydria or other mechanisms, 
and this issue requires further study [3].

Lee Yeoun Joo and others. Clinical cases de-
scribing the endoscopic picture of collagen gas-
tritis in children, represented by characteristic no-
dulity and multiple polypoid growth against the 
background of pale mucosa, have been demon-
strated. Compared to other associated stomach 
diseases, in which «nodules» are homogeneous in 
size and mainly located in the anthral department 
(eg, H. pylori-associated gastritis) the nodules at 
KG in most cases have a more irregular form and 
are located in the mucous membrane of the sto-
mach body rather than the anthral department. 
Such changes in the stomach lining are often ob-
served in general endoscopic procedures and are 
described as nodular or nodular gastritis (NG). It 
is therefore necessary to distinguish between the 
major diseases which may manifest in a si milar 
way when a nodular pattern of the stomach li-
ning is found in endoscopy. Endoscopic results 
of CG are reported to vary according to age: from 
normal mucous membrane to diff use erythema 
of stomach mucous membrane, erosion, gastric 
hemorrhages, nodules and polyp’s growth [16].

Histologically, nodules in nodular gastritis are 
more likely to be clusters of lymphoid follicles or 
malignant cells, for example in lymphoma associa-
ted with the stomach lining. Meanwhile, nodules at 
collagen gastritis are represented rather by a patch 

of mucous membrane with normal architectonics, 
surrounded by a “depressed” reparative atrophied 
mucosa with subepithelial collagen deposits, thus 
producing a characteristic nodular appearance. 
Based on available scientifi c data, the maximum 
thickness of subepithelial collagen deposits at the 
time of diagnosis varies between 15 and 100 μm. 
Furthermore, histologically, most patients have 
cell infi ltration of the gastric mucosa with a high 
content of eosinophils (30  eosinophils/high pow-
er fi eld). In contrast, intraepithelial lymphocytosis 
( > 25 surface intraepithelial lymphocytes/100 epi-
thelial cells) is much less common [3].

TREATMENT
Currently, there are no eff ective and standar-

dized treatments for patients with collagen gas-
tritis. For example, a wide range of drugs were 
used in the analysis of publications, including glu-
cocorticosteroids (Budesonide), antimetabolites 
(Methotrexate), H1-histamine blocks (Ranitidine), 
proton pump inhibitors (Omeprazole), a synthetic 
analogue of prostaglandin E1 (Misoprostol), gas-
troprotectors (Sucralfat), preparations of 5-amino-
salytic acid (Mesalazine) [17, 18]. Of the non-me-
dicamentous treatments, note the successful 
treatment of collagen gastritis in a 13-year-old 
boy on a gluten-free diet with a decrease in cli-
nical symptoms after a month and resolution after 
6 weeks from the start of treatment [19].

It is worth emphasizing that the analysis of the 
publications does not provide convincing data on 
the persistent improvement of the endoscopic and 
histological picture in the form of absorption or 
signifi cant reduction of subepithelial collagen de-
posits even against the background of the therapy. 
Thus, the lack of expected eff ect on any particular 
intervention, other than the clinical improvement 
against the backdrop of iron supplementation pre-
sented in most publications, as well as reports of 
spontaneous clinical resolution of symptoms wi-
thout medication raise the question of further 
search for adequate therapy of the disease, con-
ducting randomized clinical trials to determine a 
scientifi cally based standard of treatment for the 
disease. Therefore, these patients now require dy-
namic surveillance, symptom control, especially 
anemia, testing for various autoimmune and im-
muno-mediated diseases. It seems necessary to 
control the endoscopic picture of the stomach mu-
cous membrane, as one should not forget about 
the potential malignant hyperplasia of endocrine 
cells with the development of adenocarcinoma.



Children’s Medicine of the North-West
2024/ Vol. 12 № 1

79ОБЗОРЫ

ISSN 2221-2582

ADDITIONAL INFORMATION
Author contribution. Thereby, all authors 

made a substantial contribution to the concep-
tion of the study, acquisition, analysis, interpre-
tation of data for the work, drafting and revising 
the article, fi nal approval of the version to be pub-
lished and agree to be accountable for all aspects 
of the study.

Competing interests. The authors declare 
that they have no competing interests.

Funding source. This study was not support-
ed by any external sources of funding.

ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ
Вклад авторов. Все авторы внесли суще-

ственный вклад в разработку концепции, про-
ведение исследования и подготовку статьи, 
прочли и одобрили финальную версию перед 
публикацией.

Конфликт интересов. Авторы декларируют 
отсутствие явных и потенциальных конфликтов 
интересов, связанных с публикацией настоя-
щей статьи.

Источник финансирования. Авторы заяв-
ляют об отсутствии внешнего финансирования 
при проведении исследования.

REFERENCES
1. Gopal P., McKenna B.J. The collagenous gastroen-

teritides: similarities and diff erences. Arch Pathol 
Lab Med. 2010; 134(10): 1485–9. DOI: 10.5858/2010-
0295-CR.1. PMID: 20923305.

2. Nyhlin N., Wickbom A., Montgomery S.M. et al. 
Long-term prognosis of clinical symptoms and 
health-related quality of life in microscopic coli-
tis: a case-control study. Aliment Pharmacol Ther. 
2014; 39(9): 963–72. DOI: 10.1111/apt.12685. Epub 
2014 Mar 11. PMID: 24612051.

3. Käppi T., Wanders A., Wolving M. et al. Collagenous 
Gastritis in Children: Incidence, Disease Course, and 
Associations With Autoimmunity and Infl ammato-
ry Markers. Clin Transl Gastroenterol. 2020; 11(8): 
e00219. DOI: 10.14309/ctg.0000000000000219. 
PMID: 32955189; PMCID: PMC7431242.

4. Ma C., Park J.Y., Montgomery E.A. et al. A Compa-
rative Clinicopathologic Study of Collagenous Gas-
tritis in Children and Adults: The Same Disorder 
With Associated Immune-mediated Diseases. Am 
J Surg Pathol. 2015; 39(6): 802–12. DOI: 10.1097/
PAS.0000000000000441. PMID: 25871617.

5. Jimbo K., Aoyagi Y., Tanaka M. et al. Collagenous 
sprue in a 3-month-old infant. Pediatrics Interna-
tional. 2015; 57(1): e18–22. DOI:10.1111/ped.12506.

6. Almadhoun O.F., Katzman P.J., Rossi T. Collagenous 
colitis associated with protein losing enteropathy 
in a toddler. Case Rep Gastrointest Med. 2014; 2014: 
209624. DOI: 10.1155/2014/209624. Epub 2014 Aug 
20. PMID: 25221677; PMCID: PMC4158112.

7. Winslow J.L., Trainer T.D., Colletti R.B. Collagen-
ous gastritis: A long-term follow-up with the 
deve lopment of endocrine cell hyperplasia, in-
testinal metaplasia, and epithelial changes inde-
terminate for dysplasia. Am J Clin Pathol. 2001; 
116: 753–8.

8. Colletti R.B., Trainer T.D. Collagenous gast ritis. Gast-
roenterology. 1989; 97(6): 1552–5. DOI: 10.1016/0016-
5085(89)90403-4.PMID:2583419.

9. Colletti R.B., Cameron D.J., Hassall E.G. et al. Colla-
genous gastritis: An international puzzle. J Pediatr 
Gastroenterol Nutr. 1998; 26: 540.

10. Ianiro G., Cammarota G., Valerio L. et al. Microsco pic 
colitis. World J Gastroenterol. 2012; 18(43): 6206–15. 
DOI: 10.3748/wjg.v18.i43.6206. PMID: 23180940; 
PMCID: PMC3501768.

11. Stampfl  D.A., Friedman L.S. Collagenous colitis: patho-
physiologic considerations. Dig Dis Sci. 1991; 36(6): 
705–11. DOI: 10.1007/BF01311225. PMID: 2032511.

12. Ulrich S., Wagner U., Wegmann W. Tenascin: a sim-
ple tool in the diagnosis of collagenous colitis. 
Schweiz Med Wochenschr. 1999; 129(38): 1363–7. 
German. PMID: 10536801.

13. Vesoulis Z., Lozanski G., Ravichandran P. et al. Colla-
genous gastritis: a case report, morphologic evalu-
ation, and review. Mod Pathol. 2000; 13: 591–6.

14. Hijaz N.M., Septer S.S., Degaetano J., Attard T.M. 
Clinical outcome of pediatric collagenous gastritis: 
case series and review of literature. World J Gastro-
enterol. 2013; 19(9): 1478–84. DOI: 10.3748/wjg.v19.
i9.1478. PMID: 23538318; PMCID: PMC3602509.

15. Matta J., Alex G., Cameron DJS. et al. Pediatric col-
lagenous gastritis and colitis: A case series and re-
view of the literature. J Pediatr Gastroenterol Nutr. 
2018; 67: 328–34.

16. Lee Yeoun Joo, Lee Mijeong, Kim Dae-joong. 
et  al. Three case reports of collagenous gastritis 
in children: Lessons for an endoscopic and histo-
logic approach to mucosal nodularity of the sto-
mach. Medicine. 2019; 98(11): e14870. DOI: 10.1097/
MD.0000000000014870.

17. Beinvogl B.C., Goldsmith J.D., Arumugam R. Pedi-
atric Collagenous Gastroenterocolitis Successfully 
Treated with Methotrexate. Case Rep Pediatr. 2020; 
2020: 1929581. DOI: 10.1155/2020/1929581. PMID: 
32181040; PMCID: PMC7060430.

18. Rosell-Camps A., Riera-Llodrá J.M., Colom-Segui M. 
et al. Collagenous gastritis in the pediatric age. 



Children’s Medicine of the North-West
2024/ Vol. 12 № 1

80 REVIEWS

ISSN 2221-2582

Rev Esp Enferm Dig. 2015; 107(5): 313–5. PMID: 
25952808.

19. Bajwa R.U., Joshi A., Heikenen J.B. Successful treat-
ment of collagenous gastritis in a child with a glu-
ten-free diet. WMJ. 2015; 114: 271–3.

20. Westerlind H., Mellander M.R., Bresso F. et al. Dense 
genotyping of immune-related loci identifi es HLA 
variants associated with increased risk of collage-
nous colitis. Gut. 2017; 66: 421–8.

21. Beinvogl B.C., Goldsmith J.D., Verhave M. Pediatric 
Collagenous Gastritis: Clinical and Histologic Out-
comes in a Large Pediatric Cohort. J Pediatr Gas-
troenterol Nutr. 2021; 73(4): 513–9. DOI: 10.1097/
MPG.0000000000003212. PMID: 34173792.

22. Blackmore C., Leach M. Collagenous Gastritis: 
A  Cause of Pediatric Iron Defi ciency Anemia. ACG 
Case Rep J. 2023; 10(2): e01000. DOI: 10.14309/
crj.0000000000001000. PMID: 36891181; PMCID: 
PMC9988283.

23. Çakar S., Çakır Y. Iron defi ciency is not always inno-
cent in childhood: a rare diagnosis of collagenous 
gastritis. Turk J Pediatr. 2022; 64(1): 147–51. DOI: 
10.24953/turkjped.2021.556. PMID: 35286043.

24. Kamimura K., Kobayashi M., Sato Y. et al. Collage-
nous gastritis: review. World J Gastrointest Endosc. 
2015; 7(3): 265–73.

25. Nielsen O.H., Riis L.B., Danese S. et al. Proximal col-
lagenous gastroenteritides: clinical management. 
A systematic review. Ann Med. 2014; 46: 311–7.

26. Arnason T., Brown I.S., Goldsmith J.D. et al. Colla-
genous gastritis: A morphologic and immunohisto-
chemical study of 40 patients. Mod Pathol. 2015; 28: 
533–44.

27. Kori M., Cohen S., Levine A. et al. Collagenous gas-
tritis: a rare cause of abdominal pain and iron-defi -
ciency anemia. J Pediatr Gastroenterol Nutr. 2007; 
45(5): 603–6. DOI: 10.1097/MPG.0b013e31803cd545. 
PMID: 18030241.

28. Koide T., Mochizuki T., Kawai N. et al. Collagenous 
gastroduodenitis with recurrent gastric ulcer in 
12-year-old girl. Pediatr Int. 2015; 57: 754–7.

29. Appelman M.H., de Meij T.G., Neefj es-Borst E.A. 
et al. Spontaneous gastric perforation in a case of 
collagenous gastritis. APSP J Case Rep. 2016; 7: 7.

30. Suskind D., Wahbeh G., Murray K. et al. Collagenous 
gastritis, a new spectrum of disease in pediatric pa-
tients: Two case reports. Cases J. 2009; 2: 7511.

ЛИТЕРАТУРА
1. Gopal P., McKenna B.J. The collagenous gastroen-

teritides: similarities and diff erences. Arch Pathol 
Lab Med. 2010; 134(10): 1485–9. DOI: 10.5858/2010-
0295-CR.1. PMID: 20923305.

2. Nyhlin N., Wickbom A., Montgomery S.M. et al. 
Long-term prognosis of clinical symptoms and 
health-related quality of life in microscopic colitis: a 
case-control study. Aliment Pharmacol Ther. 2014; 
39(9): 963–72. DOI: 10.1111/apt.12685. Epub 2014 
Mar 11. PMID: 24612051.

3. Käppi T., Wanders A., Wolving M. et al. Collagenous 
Gastritis in Children: Incidence, Disease Course, and 
Associations With Autoimmunity and Infl ammato-
ry Markers. Clin Transl Gastroenterol. 2020; 11(8): 
e00219. DOI: 10.14309/ctg.0000000000000219. 
PMID: 32955189; PMCID: PMC7431242.

4. Ma C., Park J.Y., Montgomery E.A. et al. A Compa-
rative Clinicopathologic Study of Collagenous Gas-
tritis in Children and Adults: The Same Disorder 
With Associated Immune-mediated Diseases. Am 
J Surg Pathol. 2015; 39(6): 802–12. DOI: 10.1097/
PAS.0000000000000441. PMID: 25871617.

5. Jimbo K., Aoyagi Y., Tanaka M. et al. Collagenous 
sprue in a 3-month-old infant. Pediatrics Interna-
tional. 2015; 57(1): e18–22. DOI:10.1111/ped.12506.

6. Almadhoun O.F., Katzman P.J., Rossi T. Collagenous 
colitis associated with protein losing enteropathy 
in a toddler. Case Rep Gastrointest Med. 2014; 2014: 
209624. DOI: 10.1155/2014/209624. Epub 2014 Aug 
20. PMID: 25221677; PMCID: PMC4158112.

7. Winslow J.L., Trainer T.D., Colletti R.B. Collagenous 
gastritis: A long-term follow-up with the deve-
lopment of endocrine cell hyperplasia, intestinal 
metaplasia, and epithelial changes indeterminate 
for dysplasia. Am J Clin Pathol. 2001; 116: 753–8.

8. Colletti R.B., Trainer T.D. Collagenous gastri-
tis. Gastroenterology. 1989; 97(6): 1552–5. DOI: 
10.1016/0016-5085(89)90403-4.PMID:2583419.

9. Colletti R.B., Cameron D.J., Hassall E.G. et al. Colla-
genous gastritis: An international puzzle. J Pediatr 
Gastroenterol Nutr. 1998; 26: 540.

10. Ianiro G., Cammarota G., Valerio L. et al. Microsco pic 
colitis. World J Gastroenterol. 2012; 18(43): 6206–15. 
DOI: 10.3748/wjg.v18.i43.6206. PMID: 23180940; 
PMCID: PMC3501768.

11. Stampfl  D.A., Friedman L.S. Collagenous colitis: patho-
physiologic considerations. Dig Dis Sci. 1991; 36(6): 
705–11. DOI: 10.1007/BF01311225. PMID: 2032511.

12. Ulrich S., Wagner U., Wegmann W. Tenascin: a sim-
ple tool in the diagnosis of collagenous colitis. 
Schweiz Med Wochenschr. 1999; 129(38): 1363–7. 
German. PMID: 10536801.

13. Vesoulis Z., Lozanski G., Ravichandran P. et al. Colla-
genous gastritis: a case report, morphologic evalu-
ation, and review. Mod Pathol. 2000; 13: 591–6.

14. Hijaz N.M., Septer S.S., Degaetano J., Attard T.M. 
Clinical outcome of pediatric collagenous gastritis: 



Children’s Medicine of the North-West
2024/ Vol. 12 № 1

81ОБЗОРЫ

ISSN 2221-2582

case series and review of literature. World J Gastro-
enterol. 2013; 19(9): 1478–84. DOI: 10.3748/wjg.v19.
i9.1478. PMID: 23538318; PMCID: PMC3602509.

15. Matta J., Alex G., Cameron DJS. et al. Pediatric col-
lagenous gastritis and colitis: A case series and re-
view of the literature. J Pediatr Gastroenterol Nutr. 
2018; 67: 328–34.

16. Lee Yeoun Joo, Lee Mijeong, Kim Dae-joong. 
et  al. Three case reports of collagenous gastritis 
in children: Lessons for an endoscopic and histo-
logic approach to mucosal nodularity of the sto-
mach. Medicine. 2019; 98(11): e14870. DOI: 10.1097/
MD.0000000000014870.

17. Beinvogl B.C., Goldsmith J.D., Arumugam R. Pe-
diatric Collagenous Gastroenterocolitis Success-
fully Treated with Methotrexate. Case Rep Pediatr. 
2020; 2020: 1929581. DOI: 10.1155/2020/1929581. 
PMID: 32181040; PMCID: PMC7060430.

18. Rosell-Camps A., Riera-Llodrá J.M., Colom-Segui M. 
et al. Collagenous gastritis in the pediatric age. Rev 
Esp Enferm Dig. 2015; 107(5): 313–5. PMID: 25952808.

19. Bajwa R.U., Joshi A., Heikenen J.B. Successful treat-
ment of collagenous gastritis in a child with a glu-
ten-free diet. WMJ. 2015; 114: 271–3.

20. Westerlind H., Mellander M.R., Bresso F. et al. Dense 
genotyping of immune-related loci identifi es HLA 
variants associated with increased risk of collage-
nous colitis. Gut. 2017; 66: 421–8.

21. Beinvogl B.C., Goldsmith J.D., Verhave M. Pediatric 
Collagenous Gastritis: Clinical and Histologic Out-
comes in a Large Pediatric Cohort. J Pediatr Gas-
troenterol Nutr. 2021; 73(4): 513–9. DOI: 10.1097/
MPG.0000000000003212. PMID: 34173792.

22. Blackmore C., Leach M. Collagenous Gastritis: 
A  Cause of Pediatric Iron Defi ciency Anemia. ACG 
Case Rep J. 2023; 10(2): e01000. DOI: 10.14309/
crj.0000000000001000. PMID: 36891181; PMCID: 
PMC9988283.

23. Çakar S., Çakır Y. Iron defi ciency is not always inno-
cent in childhood: a rare diagnosis of collagenous 
gastritis. Turk J Pediatr. 2022; 64(1): 147–51. DOI: 
10.24953/turkjped.2021.556. PMID: 35286043.

24. Kamimura K., Kobayashi M., Sato Y. et al. Collage-
nous gastritis: review. World J Gastrointest Endosc. 
2015; 7(3): 265–73.

25. Nielsen O.H., Riis L.B., Danese S. et al. Proximal col-
lagenous gastroenteritides: clinical management. 
A systematic review. Ann Med. 2014; 46: 311–7.

26. Arnason T., Brown I.S., Goldsmith J.D. et al. Colla-
genous gastritis: A morphologic and immunohisto-
chemical study of 40 patients. Mod Pathol. 2015; 28: 
533–44.

27. Kori M., Cohen S., Levine A. et al. Collagenous gast-
ritis: a rare cause of abdominal pain and iron-defi -
ciency anemia. J Pediatr Gastroenterol Nutr. 2007; 
45(5): 603–6. DOI: 10.1097/MPG.0b013e31803cd545. 
PMID: 18030241.

28. Koide T., Mochizuki T., Kawai N. et al. Collagenous 
gastroduodenitis with recurrent gastric ulcer in 
12-year-old girl. Pediatr Int. 2015; 57: 754–7.

29. Appelman M.H., de Meij T.G., Neefj es-Borst E.A. 
et al. Spontaneous gastric perforation in a case of 
collagenous gastritis. APSP J Case Rep. 2016; 7: 7.

30. Suskind D., Wahbeh G., Murray K. et al. Colla-
genous gastritis, a new spectrum of disease in pedi-
atric patients: Two case reports. Cases J. 2009; 2: 7511.



Children’s Medicine of the North-West
2024/ Vol. 12 № 1

82 REVIEWS

ISSN 2221-2582

UDK [616.379-008.64-06+616.153.284+616.89]-053.2/.6
DOI: 10.56871/CmN-W.2024.40.20.008

INTENSIVE CARE OF COMPLICATIONS 
OF DIABETES MELLITUS IN CHILDREN

© Yuri S. Aleksandrovich1, Dmitry O. Ivanov1, Konstantin V. Pshenisnov1, 
Dmitry V. Prometnoy2, Vladimir V. Kopylov3, Petr A. Muratov4, 
Liliya V. Ditkovskaya1

1 Saint Petersburg State Pediatric Medical University. Lithuania 2, Saint Petersburg, Russian Federation, 194100
2 Russian Children’s Clinical Hospital of the “Russian National Research Medical University named after N.I. Pirogov”. Leninsky pr., 117, 
Moscow, Russian Federation, 119571
3 V.A. Almazov National Medical Research Center. Akkuratov Str., 2, Saint Petersburg, Russian Federation, 197341
4 Children’s city versatile clinical center of high medical technologies of K.A. Raukhfus. Ligovsky pr., 8, Saint Petersburg, 
Russian Federation, 190961

Contact information:
Konstantin V. Pshenisnov — Doctor of Medical Sciences, Professor of anesthesiology and intensive care and emergency pediatrics 
postgraduate education. Е-mail: Psh_K@mail.ru   ORCID ID: 0000-0003-1113-5296   SPIN: 8423-4294

For citation: Aleksandrovich YuS, Ivanov DO, Pshenisnov KV, Prometnoy DV, Kopylov VV, Muratov PA, Ditkovskaya LV. Intensive care 
of complications of diabetes mellitus in children. Children’s Medicine of the North-West (St. Petersburg). 2024;12(1):82-91. 
DOI: https://doi.org/10.56871/CmN-W.2024.40.20.008

Received: 20.12.2023  Revised: 10.01.2024  Accepted: 25.01.2024

Abstract. Introduction. Complications of diabetes mellitus are one of the most common life-threatening 
conditions in pediatric practice. The aim of the study was to analyze modern principles of intensive therapy of 
diabetic ketoacidosis (DKA) and hyperosmolar hyperglycemic coma (HHC) in children. Results. The peculiarities of 
volemic load and insulin therapy were demonstrated, special attention was paid to prevention and correction of 
intracranial hypertension, treatment of cerebral edema. The necessity of prevention of sharp fl uctuations of blood 
plasma osmolarity, timely and step-by-step correction of water-electrolyte disorders was noted. Conclusion. The 
basis of successful treatment of diabetes mellitus complications in children is early diagnosis and correction of 
systemic hypoperfusion, prevention of cerebral ischemia and intracranial hypertension.
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Резюме. Введение. Осложнения сахарного диабета являются одними из наиболее распространенных жиз-
неугрожающих состояний в педиатрической практике. Цель исследования — анализ современных прин-
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INTRODUCTION
Diabetes mellitus (DM) is one of the most 

severe systemic diseases of childhood with ex-
tremely high risk of developing life-threatening 
conditions. The diabetic ketoacidosis, hyperos-
molar hyperglycemic nonketotic coma, and hy-
poglycemia are the most dangerous of these 
disorders, because all of them can lead to severe 
neurological deficits [1, 2].

The incidence of diabetic ketoacidosis (DKA) is 
1–10 % per year in children with type 1 diabetes 
mellitus in developed countries with adequate 
health care resources, and it is the first manifes-
tation of diabetes mellitus in approximately 30 % 
of patients [3]. The risk of DKA is the highest in 
children of first two years of life and in adoles-
cent girls, especially from socially disadvantaged 
families [4]. The high probability of diabetic ke-
toacidosis in early-age patients is possible due to 
an insufficient caution and late diagnosis of dia-
betes. At the same time, the main cause of dia-
betes decompensation in adolescents is a low 
adherence to treatment [4, 5].

The diabetic ketoacidosis (DKA) is the most 
common cause of death in children with DM, 
its incidence is 2–5 %. An irreversible damage of 
cent ral nervous system (CNS) in children with 
DKA is a consequence of cerebral edema. The risk 
of the condition is about 1–1.2 %, and morta lity 
rates with refractory intracranial hypertension 
are 20–25 % [6]. A severe neurologic deficit is ob-
served in more than 35 % of surviving patients.

The most common reason for the onset of cer-
ebral edema is severe metabolic disorder, which 
has a damage effect to the main metabolic path-
ways. At the same time, in some cases the pro-
gression of intracranial hypertension has a clear 
relationship with the peculiarities of the therapy, 
which can be quite aggressive and after a while 
become the cause of patient deterioration [1, 2, 
4–6].

The rarest complications of DKA include acute 
respiratory distress syndrome, rhabdomyolysis, 
and acute renal failure.

K. Lah Tomulić et al (2022) had evaluated the 
epidemiology of DKA in patients of intensive care 
unit (ICU) over the last 10 years and demonstra-
ted that ketoacidosis as the first manifestation of 
type 1 DM was in 24.7 % of children. A moderate 
and severe dehydration was noted in 76 % on 
admission, 5.2 % of patients developed cerebral 
edema, one child died [7].

All these facts show the relevance and clini-
cal significance of the problem, because time-
ly diagnosis and adequate intensive therapy of 
complications of DM in children will significantly 
improve results of treatment and outcome of the 
disease.

The diabetic ketoacidosis is an acute dia-
betic decompensation of metabolism, manifes-
ted by a sharp increase in the concentration of 
glucose and ketone bodies in the blood, their 
appea rance in the urine and development of a 
metabo lic acidosis. It can be leaded with vary-
ing states of impaired consciousness or without 
them, which requires emergency hospitalization 
of the patient [4].

Due to international and domestic clini-
cal guidelines, the criteria for the diagnosis of 
DKA in children are blood glucose concentra-
tion > 11 mmol/L, blood pH below 7.30, bicarbo-
nate (HCO3) concentration less than 15 mmol/L, 
increased anion gap, and ketosis (blood β-hy-
droxybutyrate concentration > 3  mmol/L) or ke-
tonuria (moderate or severe). The symptoms of 
clinical manifestation of DKA are a weakness, 
nausea, vomiting, abdominal pain, polydipsia, 
polyuria, polyphagia, depression of conscious-
ness, Kussmaul's breathing, and acetone odor 
from the mouth. Three stages are distinguished, 
depending on the severity of the clinical picture 
of DKA (Table 1).

ципов интенсивной терапии диабетического кетоацидоза (ДКА) и гиперосмолярной гипергликемической 
комы (ГГК) у детей. Результаты. Продемонстрированы особенности волемической нагрузки и инсулино-
терапии, особое внимание уделено профилактике и коррекции внутричерепной гипертензии, лечению от-
ека головного мозга. Отмечена необходимость предотвращения резких колебаний осмолярности плазмы 
крови, своевременной и поэтапной коррекции водно-электролитных нарушений. Заключение. Основой 
успешного лечения осложнений сахарного диабета у детей является ранняя диагностика и коррекция си-
стемной гипоперфузии, предотвращение церебральной ишемии и внутричерепной гипертензии.
Ключевые слова: сахарный диабет 1-го типа; осложнения; дети; диабетический кетоацидоз; интенсив-
ная терапия.
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A differential diagnosis of DKA should be 
done with hyperosmolar hyperglycemic nonke-
totic coma occurring in type 2 diabetes, although 
it is extremely rare in children (Table 2).

PECULIARITIES OF INTENSIVE THERAPY 
OF DIABETIC KETOACIDOSIS

The intensive therapy of diabetic ketoacidosis 
includes mandatory components: elimination of 
the phenomena of shock if it is presented, step-
by-step correction of dehydration and electro-
lyte disorders, management of ketoacidosis and 
hyperglycemia, prevention and treatment of cer-
ebral edema. For this purpose, an infusion and in-
sulin therapy is used. The algorithm of intensive 
therapy of DKA, taking into account the available 

Table 1. Degrees of severity of diabetic ketoacidosis

Таблица 1. Степени тяжести диабетического кетоацидоза

Клинические рекомендации Российской Федерации / Clinical Recommendations of the Russian Federation

Степень тяжести / 
Degree of severity

рН НСО3, ммоль/л / НСО3, mmol/l 

Легкая / Mild <7,3 <15

Средняя / Moderate <7,2 <10

Тяжелая / Severe <7,1 <5

Педиатрия по Нельсону / Nelson Textbook of Pediatrics 

Степень тяжести / 
Degree of severity

рН рСО2, мэкв/л / 
рСО2, mEq/l

Клинические признаки / Clinical signs

Легкая / Mild 7,25–7,35 16–20 Пациент ориентирован, может быть возбуж-
денным или вялым / Orient, alert but fatigued 

Средняя / Moderate 7,15–7,25 10–15 Дыхание Куссмауля, пациент сонлив, но при-
ходит в ясное сознание при стимуляции / Kuss-
maul respiration, oriented but sleepy, arousable

Тяжелая / Severe <7,15 <10 Дыхание Куссмауля или брадипноэ, угнетение 
сознания вплоть до комы / Kussmaul or depres-
sion respirations, sleepy to depressed sensorium 
to coma

Table 2. Diff erential diagnosis of diabetic ketoacidosis and hyperosmolar hyperglycemic coma

Таблица 2. Дифференциальная диагностика диабетического кетоацидоза и гиперосмолярной гипергликеми-
ческой комы

Лабораторные критерии /
 Laboratory criteria

Диабетический кетоацидоз / 
Diabetic ketoacidosis

Гиперосмолярная кома / Hyperos-
molar hyperglycemic coma

Концентрация глюкозы в крови, ммоль/л / 
Glucose, mmol/l

>13,9 33,3

рН артериальной крови / рН arterial blood <7,3 >7,3

Бикарбонат, ммоль/л / Bicarbonate, mmol/l <15 >15

Осмолярность, мОсм/кг / Osmolarity, mOsm/kg <320 >330

Кетонурия / Ketonuria +++ ±

Анионный градиент / Anion gap >12 <12

recommendations, is presented in figure 1. If a 
heart rate and blood pressure are stable, the in-
fusion therapy should be started, including flu-
id supplementation (maintenance requirements 
and compensation of the deficit taking into ac-
count current pathologic losses). The degree of 
dehydration is based on the clinical and labora-
tory examination. Main characteristics are pre-
sented in Table 3.

The approximate fluid administration and 
electrolyte requirements are demonstrated in 
Table 4.

The fi rst-line infusion is NaCl solution or any 
balanced polyionic solution in the absence of 
clinically signifi cant hyperkalemia. The choice 
of the concentration of the NaCl solution (0.9 % 
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Fig. 1. Algorithm of intensive care of diabetic ketoacidosis in children
Рис. 1. Алгоритм интенсивной терапии диабетического кетоацидоза у детей

Анамнез / Clinical history
– Полиурия, полидипсия / Polyuria, polydipsia.

– Тошнота, рвота / Nausea, vomiting.
– Тахипноэ, шумное дыхание / 

Tachypnea, noisy breathing.
– Слабость / Weakness.

– Потеря массы тела / Weight loss.
– Боли в животе / Abdominal pain.
– Угнетение сознания / Confusion, 

decrease level of consciousness

Шок / Shock
Слабое наполнение пульса на периферических 

артериях / Reduced peripheral pulses 
Угнетение сознания / 

Decrease level of consciousness
Кома / Coma

Дегидратация средней или тяжелой степени, 
признаки шока отсутствуют / 

Moderate or greater dehydration, no shock.
Ацидоз, рвота / Acidosis, vomiting

Инсулин, 0,05–0,1 ЕД/кг/час, в/в, одновременно 

с началом инфузии или спустя 1 час / Continuous 

IV insulin infusion at 0.05–0.1 IU/kg/hr simultaneously 

with the start of infusion or after 1 hour

Уровень гликемии менее 14 ммоль/л / 
Blood glucose < 14 mmol/l

Улучшение / Improved
– Удовлетворительное самочувствие / Clinically well.

– Хорошо пьет / Tolerating oral fluids.
– Регрессирование кетоацидоза / 

Ketoacidosis resolved

Подкожное введение инсулина, 
отключение внутривенной инфузии инсулина 

через 1 час после первого подкожного введения / 
Start SC insulin, and then stop IV insulin 

after 1 hour after the first SC injection

Внутривенная инфузия / IV Therapy:
1. Добавить 5–12,5% растворы глюкозы в инфузию, 
чтобы избежать гипогликемии / Add 5–12.5% glucose 

to IV fluids to prevent hypoglycemia.
2. Не снижать дозу инсулина менее 0,05 ЕД/кг/час / 

Do not reduce insulin dose less than 0.05 IU/kg/h

Наблюдение и мониторинг / 
Observation and monitoring

1. Контроль уровня гликемии каждый час / 
Hourly blood glucose

2. Оценка неврологического статуса не реже 1 раза 
в час / Neurological status at least hourly.
3. Контроль гидробаланса каждый час / 

Hourly fluid input and output.
4. Контроль концентрации электролитов через 

2 часа после начала инфузинной терапии / 
Electrolytes 2 hourly after starting IV fluid therapy.
5. Оценка функции сердца / Cardiac monitoring 

Внутривенная инфузия / IV therapy:
1. NaCl 0,9% — 10–20 мл/кг в течение 

20–30 минут, возможно повторное введение / 
0.9% saline 10–20 ml/kg over 20–30 min, may repeat.

2. Расчет объема инфузии / 
Calculate fluid requirements.

3. Коррекция дегидратации в течение 48 часов / 
Correct fluid deficit over 24–48 hours.

4. Дотация 40 ммоль калия на 1000 мл раствора / 
Add potassium 40 mmol / 1000 ml fluid

Дегидратация <5% / Dehydration <5%.
Пациент пьет воду сам / Patient drinking water 

Терапия / Therapy:
1. Подкожное введение инсулина / 

Start with SC insulin.
2. Оральная дегидратация / 

Continue oral hydration

Нет улучшения / No improvement

Исключить гипогликемию! / 
Rule out hypoglycemia

Отек головного мозга? / Brain oedema 

Терапия отека головного мозга / 
Intensive care of brain oedema

– 2,7% NaCl, 5 мл/кг, внутривенно, 
болюсно или маннитол 0,5–1,0 г/кг / 2.7% saline, 

5 ml/kg, iv bolus, or mannitol 0.5–1.0 g/kg.
– Уменьшить скорость инфузии до уровня, 

необходимого для поддержания 
нормального АД / 

Adjust IV fluids to maintain normal BP.
– КТ / МРТ только после стабилизации 

состояния пациента / СЕ or MRI only after patient 
stabilized

Ухудшение неврологического статуса / 
Neurological deterioration
Тревожные симптомы:

– Выраженная или усиливающаяся головная 
боль / Severe or progressive headache.

– Брадикардия / Bradycardia.
– Раздражительность / Irritability.

– Угнетение сознания / 
Decrease level of consciousness.

– Недержание мочи, несоответствующее 
возрасту / Age-inappropriate incontinence.

– Патогномоничные признаки 
внутричерепной гипертензии / 

Specific signs of intracranial pressure

Реанимация / Reanimation:
1. Обеспечение проходимости 

дыхательных путей / Open air way.
2. Постановка желудочного зонда / NG tube.
3. Дотация 100% кислорода / 100% oxygen.

4. NaCl 0.9% — 20 мл/кг / 
0.9% saline 20 ml/kg bolus 

until circulation restored

Повторная оценка / Re-evaluate
– Оценка гидробаланса, инфузионная терапия / 

IV fluid calculations.
– Если сохраняется ацидоз, может 

потребоваться повторный болюс жидкости / 
Need for additional fluid resuscitation.

– Контроль дозы инсулина / 
Insulin delivery system and dose.

– Исключить сепсис / Consider sepsis

Ацидоз не регрессирует / 
Acidosis does not regress 

Клинические признаки / Clinical signs
– Дегидратация / Dehydration.

– Глубокое шумное дыхание (дыхание Куссмауля) / 
Deep sighing respiration (Kussmaul).
– Запах ацетона / Smell of ketones.

– Cонливость / Drowsiness

ДИАБЕТИЧЕСКИЙ КЕТОАЦИДОЗ / DIABETIC KETOACIDOSIS

Биохимические признаки / Biochemical signs
– Кетонемия и/или кетонурия /
Blood / urine ketones elevated.

Гипергликемия / Hyperglycemia
(более 11 ммоль/л / above 11 mmol/l).

– Метаболический ацидоз / Metabolic acidosis
(рН <7,3; HHСО3 <18 ммоль/л /

 рН <7.3; HСО3 <18 mmol/l).
– Электролитные нарушения / 

Electrolyte disturbances
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or 0.45 %) depends on the concentration of so-
dium in the plasma. In case of the normonatre-
mia, 0.9 % solution is used, and in hypernatremia 
(Na +  > 150 mmol/L) — 0.45 % solution. Although, 
the use of its appointment is not recognized by all 
authors. In case of the hyponatremia, the plasma 
sodium concentration should be calculated due 
to the level of glycemia:

                                     [blood glucose] – 5,6
      [Na+] = [Na+] + _____________________ · 1,6.
                                                     5,6

The use of hypertonic solutions for hypon-
atremia in patients with DKA is categorically 
contraindicated! The drug of choice in this situ-
ation is 0.9 % NaCl solution.

When glucose concentration decreases by 
1  mmol/L, the plasma sodium concentration 
should be increased by 1.6 mmol. The decrease 
sodium concentration in dynamics against 
hyperglycemia is a sign of progression of ce-
rebral edema!

A fl uid defi ciency should be compensated for at 
least 24–36 hours, and if there is a high risk of cer-
ebral edema — 48 hours. The faster elimination of 
dehydration can cause a sharp decrease in plasma 
osmolarity and progression of an intracranial hy-
pertension. The rate of decrease in plasma osmo-
larity should not exceed 1.5–2.0 mOsm/hour.

A necessary component of the infusion pro-
gram is the donation of potassium in order to 
eliminate its deficiency and prevent the deve-
lopment of cardiac arrhythmias (Table 4).

The potassium treatment is prescribed only 
after elimination of pronounced manifestations 

of a hypovolemia, in the presence of adequate 
diuresis and serum K + concentration less than 
5.0  mmol/L [9]. It should be noted that in DKA 
the need for potassium is at least 150 % of the 
age requirement: 1.5–3.0 mEq/kg per day.

In case of normokalemia (4-6 mmol/L) the po-
tassium is administered at the rate of 40 mEq in 
1L of infusion solution, and in hypokalemia  — 
60 mEq/L.

In case of severe hypokalemia (blood potas-
sium concentration less than 3.0  mmol/L), po-
tassium solutions are administered in dose of 
0.5  mmol/kg per hour for one hour with subse-
quent assessment of potassium levels in blood.

When the blood glucose concentration drops to 
14-17 mmol/L, a 5 or 10 % glucose solutions should 
be added to the infusion on the background of in-
sulin therapy, and it is better to use the concept of 
"two packets". So, each of these bags contains the 
same amount of electrolytes, but only one of them 
is added glucose. The technique allows faster, more 
economical and accurate correction of the dose of 
administered glucose, which is titrated due to its 
concentration in the blood. This approach can pre-

Table 3. Assessing the severity of dehydration in 
children with diabetic ketoacidosis

Таблица 3. Оценка степени тяжести дегидратации 
у детей с диабетическим кетоацидозом

Степень тяжести / 
Degree of severity

Степень дегидратации / 
Degree of dehydration

Легкая, средняя степень / 
Mild, moderate

5% от массы тела / 
5% of body weight

Тяжелая / Severe 10% от массы тела / 
10% of body weight

Table 4. Fluid and electrolyte requirements in diabetic ketoacidosis [5]

Таблица 4. Потребность в жидкости и электролитах при диабетическом кетоацидозе [5]

Компонент / Com-
ponent

Потери при ДКА, ЕД/кг / Aver-
age (range) losses per kg

Возрастная суточная потребность /
24-hour maintenance requirements

Вода / Water 70 (30–100) мл/ml <10 кг / kg 100 мл/кг / 100 ml/kg

11–20 кг / kg 1000 мл + 50 мл/кг на каждый кг после 10 кг 
веса / 1000 ml + 50 ml/kg/24 h for each kg from 
11 to 20

>20 кг / kg 1500 мл + 20 мл/кг на каждый кг после 20 кг 
веса / 1500 ml + 20 ml/kg/24 h for each kg >20

Натрий / Sodium 6 (5–13) ммоль / mmol 2–4 ммоль / mmol

Калий / Potassium 5 (3–6) ммоль / mmol 2–3 ммоль / mmol

Хлор / Chloride 4 (3 – 9) ммоль / mmol 2–3 ммоль / mmol

Фосфор / Phosphate 0,5–2,5 ммоль / mmol 1–2 ммоль / mmol
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vent the hypoglycemia despite the constant need 
for insulin [10].

Both insufficient and excessive fluid admin-
istration can cause a significant increase or de-
crease in blood plasma osmolarity and progres-
sion of intracranial hypertension [4, 5, 11].

Against the background of circulating blood 
volume recovery and stabilization of hemodynam-
ic parameters, insulin therapy at a starting dose of 
0.05-0.1 U/kg per hour until regression of ketoac-
idosis is mandatory [5, 12, 13]. The insulin is pre-
scribed immediately after administration of a fl uid 
bolus or at the same time with the start of infusion 
therapy. In patients with DKA, only short-acting in-
sulin preparations (Novorapid, Actrapid NM, etc.) 
should be used. The pharmacokinetics of short-ac-
ting insulins is presented in Table 5.

Until a ketoacidosis regression, an insulin 
dose of less than 0.05  units/kg per hour should 
not be used. The optimal blood glucose level 
should be maintained by infusion of 5  or 10 % 
glucose solutions.

The main objective in the treatment of patients 
with DKA is not to eliminate hyperglycemia, but 
to eliminate the signs of ketoacidosis [11].

An intravenous and subcutaneous bolus in-
jection of insulin is absolutely contraindicated 
in DKA. The dose of insulin and the rate of infu-
sion of solutions for infusion therapy are selec-
ted so that the rate of decline of blood glucose 
does not exceed 5.0 mmol/L per hour, although 
the optimal rate of decline is 2 mmol/L per hour. 
If there is no eff ect of insulin therapy wi thin 
two hours, the insulin dose can be increased to 
0.15 IU/kg per hour, but this is a last resort way 
that can only be used as an exception to the rule.

After a complete elimination of ketoacidosis 
signs, a child should be examined by an endo-
crinologist to decide a possibility to change IV in-
fusion of insulin to subcutaneous injections.

During infusion and insulin therapy, sharp 
spikes in blood glucose levels and a hypoglyce-
mia should be avoided, because both a signifi-
cant decrease and increase in blood plasma os-
molarity can cause progression of intracranial 
hypertension [4, 5, 11].

Against the background of fluid and insulin 
administration, a significant decrease in blood 
plasma osmolarity can be observed with its si-
multaneous increase within the cellular struc-
tures of the CNS. This is the one of the factors 
that can lead to or aggravate an already existing 
cerebral edema [11].

A rapid decrease in plasma glucose concen-
tration may also contribute to the development 
of cerebral edema in patients with DKA. In par-
ticular, it may cause a decrease in plasma osmo-
larity and fluid movement into the CNS struc-
tures; therefore, glucose levels of plasma should 
be kept in the range of 8–12 mmol/L [4, 5, 11].

The most controversial issue of intensive the-
rapy of diabetic ketoacidosis is the use of sodium 
bicarbonate solution to correct metabolic acido-
sis [4–6].

According to many authors, the use of a so-
dium bicarbonate is the main risk factor for the 
cerebral edema in DKA. They think, that against 
the background of infusion of sodium bicarbo-
nate solution, secondary hypoxemia of CNS neu-
rons develops due to the shift of oxyhemoglobin 
dissociation curve [6].

Both in acidosis and alkalosis there is a shift 
of the oxyhemoglobin dissociation graph. There 
is a shift to the left in alkalosis characterized by 
an increase in the affinity of hemoglobin to oxy-
gen. The hemoglobin is quickly saturated with 
oxygen in the lungs and very slow gives it to 
tissues. It is always an unfavorable sign and in-
dication a marked disturbance of oxygenation. 
Even an increase in blood oxygen content does 
not improve tissue oxygenation, which should 
be noticed when there are a cerebral edema and 
performing artificial respiration. Several studies 
demonstrate that the use of sodium bicarbonate 
is accompanied by paradoxical acidosis of cere-
brospinal fluid, which was the basis for the nega-
tive attitude of different researchers to the use of 
sodium bicarbonate in patients with DKA [6]. The 
sodium bicarbonate is extremely harmful in pa-
tients with diabetic ketoacidosis and can be used 

Table 5. Pharmacokinetics of short-acting insulins

Таблица 5. Фармакокинетика инсулинов короткого 
действия

Характеристика / Char-
acterization

Описание / Description

Начало действия / 
Start of action

Через 20–30 минут от 
начала инфузии / After 
20–30 minutes from the 
beginning of infusion

Максимум действия / 
Maximum action

Через 2,5–3,5 часа / 
After 2.5–3.5 hours

Продолжительность 
действия / Duration of 
action

6–8 часов / 6–8 hours
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only if there is a high probability of myocardial 
depression on the background of metabolic aci-
dosis [2, 6, 11, 14, 15].

The ketoacidosis gradually regresses with ade-
quate infusion and insulin therapy in the majority 
of clinical cases. But sometimes the decompen-
sated metabolic acidosis may persist and sodium 
bicarbonate (0.5–1.0 mEq/kg for 30–60 minutes) 
can be appropriate. Both we and other authors 
believe that the use of sodium bicarbonate can 
be justifi ed only in the presence of decompensat-
ed metabolic acidosis (pH < 7.1) and a high risk of 
acute myocardial depression [11, 14, 15]. There is 
a small experience of correction of metabolic aci-
dosis and hyperglycemia in children with DKA us-
ing infusion solutions containing succinate [16].

In some cases, even while an adequate infu-
sion and insulin therapy, progression of intracra-
nial hypertension and clinical symptoms of cere-
bral edema are noted. Its diagnostic criteria are 
presented in Table 6. The necessary components 
of therapy are restriction of the volume of fluid, 
using of osmotic diuretics, tracheal intubation 
and transfer the patient to invasive mechani-
cal ventilation in case of progression of cerebral 
edema in patients with DKA [4, 5, 11]. If the pa-
tient has depressed consciousness without ob-
vious clinical signs of progression of intracranial 
hypertension and consciousness of the level of 
coma, use of osmotic diuretics is categorically 
contraindicated.

An artificial ventilation should be used only 
if it is a last way and there is a decompensated 
respiratory failure and high risk of aspiration 
syndrome. It is important to note that severe hy-
pocapnia is a risk factor for the progression of 
cerebral edema, because low levels of carbon 
dioxide tension in the blood lead to a cerebral 
vasospasm, impaired autoregulation of cerebral 
blood flow and ischemia in CNS [17].

In patients with DKA it is advisable to main-
tain the level of pCO2  as it was before tracheal 
intubation, avoiding excessive decrease and 
increase of pCO2, because the hypocapnia is a 
compensatory mechanism aimed at eliminating 
ketoacidosis [11].

Drugs of choice for correction of intracrani-
al hypertension are mannitol and/or hypertonic 
sodium chloride. The intravenous drip manni-
tol is administered at a dose of 0.5–1.0 g/kg for 
20 minutes. If there is no eff ect, it can be done 
again. While using mannitol, improvement of 
cerebral blood fl ow and cerebral oxygenation is 
noted.

A hypertonic sodium chloride (3 %) is used 
drip intravenously at a dose of 5-10  ml/kg for 
30  minutes. The main advantage of hypertonic 
sodium chloride compared with mannitol is the 
prevention of hyponatremia and hypovolemia 
while there is an osmotic diuresis [3]. It can be 
used as a "second-line" drug in the absence of 
effect from mannitol.

Table 6. Criteria for the diagnosis of cerebral edema in patients with diabetic ketoacidosis [11] 

Таблица 6. Критерии диагностики отека мозга у пациентов с диабетическим кетоацидозом [11]

Диагностические критерии / 
Diagnostic criteria

«Большие» критерии / 
“Major” criteria

«Малые» критерии / 
“Minor” criteria

1. Неадекватная двигательная или 
вербальная реакция в ответ на 
болевой раздражитель / Abnormal 
motor or verbal response to pain.

2. Декортикационная или 
децеребрационная ригидность / 
Decorticate or decerebrate posture.

3. Паралич черепно-мозговых 
нервов (особенно III, IV и VI) / Crani-
al nerve palsy (especially III, IV, VI).

4. Наличие патологических типов 
дыхания (дыхание по типу «гасп», 
тахипноэ, дыхание Чейна–Стокса, 
апноэ) / Abnormal neurogenic 
respiratory pattern (eg, grunting, 
tachypnea, Cheyne–Stokes, apneu-
stic)

1. Угнетение или ундулирующее 
сознание / Altered mentation or 
fl uctuating level of consciousness.

2. Уменьшение частоты сердечных 
сокращений (более чем на 20 
в минуту), не связанное со сном 
или стабилизацией показателей 
гемодинамики / Sustained heart 
rate deceleration (decline more than 
20 per minute) not attributable to 
improved intravascular volume or 
sleep state.

3. Несоответствующее возрасту 
возбуждение / Age-inappropriate 
incontinence

1. Рвота / Vomiting.
2. Головная боль / Headache.
3. Диастолическое артериальное 

давление более 90 мм рт.ст. / 
Diastolic blood pressure greater than 
90 mm Hg.

4. Возраст менее 5 лет / Age <5 years
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PECULIARITIES OF INTENSIVE CARE 
OF HYPEROSMOLAR HYPERGLYCEMIC 
NONKETOTIC COMA

The main distinguishing feature of treatment of 
hyperosmolar hyperglycemic nonketonic coma is 
the correction of water and electrolyte disorders. The 
use of insulin preparations is justifi ed if the blood 
glucose level does not decrease while the patient is 
giving an infusion therapy. The starting dose of insu-
lin should not exceed 0.05 U/kg per hour (Fig. 2).

CONCLUSION
At the end of the review of modern principles 

of intensive care of complications in children 
with diabetes mellitus, it should be noted that 
any rash and routine intervention can bring both 
benefit and harm. Thus, cautious and timely as-
sessment of the patient's condition and subse-
quent correction of therapy are necessary.
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Fig. 2.  Algorithm of intensive care of hyperosmolar hyperglycemic coma
Fig. 2.  Algorithm of intensive care of hyperosmolar hyperglycemic coma

ЖИДКОСТЬ / FLUD

0,9% раствор натрия хлорида, 

20 мл/кг, повторить до улучшения 

перфузии / Normal saline, 20 ml/kg, 

repeat until perfusion established

Восстановление 

темпа почасового диуреза / 

Replace urine output

Дотация жидкости в объеме 

возрастной потребности / 

Maintenance fluids

 + восполнение дефицита (12–15% 

от веса тела) в течение 24–48 ч / 

+ deficit (12–15% of body weight) 

replacement over 24–48 hours;

Полиионные 

кристаллоидные растворы / 

Polyionic crystalloid solutions

ЭЛЕКТРОЛИТЫ / ELECTROLYTES

Если концентрации калия в крови 

<5 ммоль/л — добавить в растворы 

для инфузии препараты калия 

из расчета 40 ммоль/л 

до улучшения перфузии / 

If potassium blood level <5 mmol/l 

add in IV fluids potassium 40 mmol/l

Гипергликемический 
гиперосмолярный синдром / 

hyperglycemic hyperosmolar 
syndrome.

Назначить инсулин, если 

концентрация глюкозы 

не снижается на фоне 

инфузионной терапии / 

Start insulin infusion if blood 

glucose level does not fall 

for a long time with 

intravenous fluids alone

Постоянная инфузия 

простого инсулина в дозе 

0,025–0,05 ЕД/кг/час /

Continuous IV infusion regular 

insulin 0.025–0.05 IU/kg/h 

Гиперосмолярный 
диабетический кетоацидоз / 

hyperosmolar diabetic 
ketoacidosis.

Назначить инсулин 

после стартовой 

волемической нагрузки /

Start insulin infusion 

after initial IV fluids

Постоянная инфузия 

простого инсулина 

в дозе 0,05–0,1 ЕД/кг/час 

в зависимости от степени 

тяжести метаболического 

ацидоза /

Continuous IV infusion regular 

insulin 0.05–0.1 IU/kg/h, 

depending on degree 

of acidosis

Мониторинг концентрации

электролитов, кальция, магния, 

фосфатов каждые 2 ч / Monitor 

electrolytes, calcium, magnesium, 

phosphate every 2 hours

ИНСУЛИН / INSULIN

Титрование дозы инсулина с целью снижения концентрации 

глюкозы в крови со скоростью 4,0–5,5 ммоль/л/час / 

Titrate insulin dose to decrease blood glucose 

by 4.0–5.5 mmol/l 

Периодическая оценка волемического статуса, коррекция скорости введения жидкости и электролитов при необходимости /

Frequently assess circulatory status and fluid balance (intake / output)

Adjust rate and electrolytes compositions of fluids as needed  
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Abstract. Nowadays, one of the necessary tasks of a pediatrician is to assess the child’s readiness for the schooling. 
The process of a child’s transition from kindergarten to school is a real test, because in addition to the academic load 
that children are given from the fi rst days of school, they need to go through a period of adaptation and socialization 
among their peers. Children with diseases of the nervous system, including attention defi cit hyperactivity disorder, 
may be immature by the time they enter school, which will subsequently lead to poor academic performance, 
maladjustment and confl icts with peers and teachers due to a decrease in adaptive and communication 
abilities.35 children of senior preschool age (17 girls, 18 boys) from the city of Veliky Novgorod took part in the study. 
To assess school maturity, the Kern–Jirasik test was used. ADHD was more often reported in boys. In 36 % of cases, 
children with ADHD had neurological features in the form of delayed speech development, 12 % had local tics, and 
16 % had enuresis. The study found that 60 % of children with attention defi cit hyperactivity disorder had a low level 
of school maturity, while 50 % of children in the control group had a high level of school maturity.When studying 
personal maturity, fi ne motor skills and visual coordination, visual-spatial perception and visual memory, as well as 
intellectual maturity, a low level of development prevailed in children with attention defi cit disorder, while a high 
level of these indicators predominated in healthy children. Children with attention defi cit hyperactivity disorder are 
not ready for school; this requires further development of approaches to teaching such children.
Key words: attention defi cit hyperactivity disorder; Kern and Jirasik test; school readiness assessment.
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Резюме. В наше время одной из необходимых задач врача-педиатра становится оценка готовности ре-
бенка к обучению в школе. Процесс перехода ребенка из детского сада в школу является настоящим ис-
пытанием, потому что помимо учебной нагрузки, которая предоставляется детям с первых дней школы, им 
необходимо пройти период адаптации и социализации среди сверстников. Дети с заболеваниями нервной 
системы, в том числе и с синдромом дефицита внимания и гиперактивности (СДВГ), могут оказаться не-
зрелыми к моменту поступления в школу, что в последующем повлечет за собой плохую успеваемость, 
дезадаптацию и конфликты со сверстниками и учителями из-за снижения адаптационных и коммуникатив-
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INTRODUCTION
Attention defi cit hyperactivity disorder (ADHD) 

is a behavioral developmental disorder characte-
rized by impaired control, decreased attentive-
ness, high levels of impulsivity and motor activity 
[1]. This mental disorder is diagnosed in 8–15 % 
of cases in pediatric practice all over the world, 
and in 60 % of cases the disorder persists into 
adulthood [2]. In European countries, the ratio of 
ADHD occurrence in boys and girls ranges from 
3:1  to 16:1 [3]. The incidence of the disease has 
increased very much over the last 20 years, from 
2.2 to 30 % as well as the prevalence of autism.

Nowadays, the exact etiology is unclear, but 
some studies link the pathology to genetic predis-
position and central nervous system damage at the 
early stages of development [4]. Psychoemotional 
stress may also be the cause of ADHD [5].

There are three types of ADHD: hyperactive/
impulsive type, inattentive type, and combined 
type [6].

The problem of ADHD is poorly studied in chil-
dren. Nowadays, insuffi  cient awareness of the dis-
ease among both teachers and parents leads to 
the decrease in the child's mental state. It also will 
aff ect his or her personality, self-esteem and so-
cialization in the future [7]. In addition to the aca-
demic load that a child receives at the 1st grade 
of school, a student with ADHD has an enormous 
stress while adapting to new conditions and new 
society.

Children with ADHD have less adaptive and 
communicative abilities compared to their peers. 
Due to their immaturity by the time they enter 
school, children with ADHD have not only diffi  cul-
ties in understanding the school curriculum, but 
also problems with socialization. It can be mani-
fested by confl icts with classmates and teachers 

[8]. These problems can aff ect the emotional state 
of the child in the future.

A number of authors have described the 
pathogenesis of the ADHD  — the theory of im-
paired neurotransmitters metabolism that control 
the higher mental functions. It is a cause of the 
presence of additional neuropsychiatric disorders 
in children with ADHD [9].

THE AIM OF THE STUDY
The aim of the study is to assess the level of 

school readiness in children with attention defi cit 
hyperactivity disorder.

MATERIALS AND METHODS
Thirty-fi ve children of preschool age were exa-

mined in the city of Veliky Novgorod. The group of 
children with attention defi cit hyperactivity disor-
der consisted of 25 children. No one has acute dis-
eases at the time of the study. The control group 
consisted of 10 children. No one of them has acute 
and chronic diseases at the time of the study too. 
The Kern-Jirasek test [10] was used to determine 
school maturity. All children underwent an an-
thropometry.

The fi rst task was to draw a male fi gure. The 
presence of elements of male clothing, all facial 
components, and the number of fi ngers drawn on 
the limbs were important. This task assessed the 
child's personal maturity.

The second task was to write the proposed 
phrase. An attention was paid to the legibility of 
the written letters, their size, and the presence or 
absence of deviation of inscription from the hori-
zontal level. This task was used to assess fi ne mo-
tor skills and hand-eye coordination.

The third task was to draw a group of ten dots. 
The number of dots, their size and deviation from 

ных способностей. В исследовании приняли участие 35 детей старшего дошкольного возраста (17 девочек, 
18 мальчиков) города Великий Новгород. Для оценки школьной зрелости был использован тест Керна–
Йирасика. СДВГ чаще регистрировался у мальчиков. В 36% случаев дети с СДВГ имели неврологические 
особенности в виде задержки речевого развития, 12% — локальные тики, 16% — энурез. В ходе иссле-
дования было установлено, что 60% детей с синдромом дефицита внимания и гиперактивности обладали 
низким уровнем зрелости, в то время как 50% детей в контрольной группе имели высокий уровень школь-
ной зрелости. При исследовании личностной зрелости, мелкой моторики и зрительной координации, зри-
тельно-пространственного восприятия и зрительной памяти, а также интеллектуальной зрелости у детей 
с синдромом дефицита внимания преобладал низкий уровень развития, у здоровых детей наблюдалось 
преобладание высокого уровня данных показателей. Дети, имеющие СДВГ, не готовы к школьному обуче-
нию, это требует дальнейшей разработки подходов к обучению таких детей.
Ключевые слова: синдром дефицита внимания и гиперактивности; тест Керна и Йирасика; оценка 
готовности к школе.
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the column or other dots were important. This 
task was used to assess visual-spatial perception 
and visual memory.

These three tasks were evaluated with a scale 
from 1 to 5, where 1 is a perfectly completed task 
and 5 is a major deviation of the task.

After assessing each of them, the scores were 
summed and the level of overall school readiness 
were determined.

The fourth task was a questionnaire (20 ques-
tions). Each answer of a question was converted to 
an equivalent point. After the addition of scores, 
the level of verbal intelligence was determined.

RESULTS
17 girls and 18 boys were in the study. The ADHD 

was registered more often in boys. The manifesta-
tion of ADHD occurred from 4th year of life, anam-
nesis vitae was without peculiarities. Children re-
ceived at least 4 courses of symptomatic treatment 
(nootropics, adreno- and sympathomimetics, and 
vitamin therapy). All children attended kindergar-
ten, where were additional lessons with a speech 
therapist and a psychologist. Children with ADHD 
visited a neurologist every 3 months. 50 % of chil-
dren were from large families or without sibs. An 
organic brain pathology was present in 40 % of chil-
dren. It can be cause of the lack of eff ectiveness of 
drugs and lessons with speech therapist and psy-
chologist. The physical development of children in 
both groups was comparable to the normal.

Children with ADHD in 36 % of cases had neu-
rological features in the form of delayed speech 

development, 12 % — local tics, 16 % — enuresis 
(Fig. 1).

The study found that 60 % of children with 
ADHD had a low level of maturity, while 50 % of 
children in the control group had a high level of 
school maturity.

We also have studied the personal maturity 
in children with attention defi cit disorder. The 
low level of development prevails in this group 
(52 % — low level, 20 % — medium level, 28 % — 
high level), in control group the high level prevails 
(60 % — high level, 30 % — medium level, 10 % — 
low level). We observe a decrease in the level of 
personal maturity in the majority of children with 
ADHD compared to healthy children. This indica-
tor can explain the inability of children with ADHD 
to independently predict their behavior, including 
motor activity, as well as an inability to adequate 
reacting to diff erent situations. These qualities 
may aff ect the concentration of attention during 
the learning process, as well as the lack of motiva-
tion to fulfi ll the school plan.

The examination of fi ne motor skills and visual 
coordination detected that the low level was in 
children with ADHD (40 %  — low level, 32 %  — 
medium level, 28 %  — high level), and the high 
level was in healthy children (100 % — high level). 
In this case, the presence of a lower level of de-
velopment of fi ne motor skills and visual coordi-
nation in children with ADHD can lead to diffi  cul-
ties in writing and reading. Also it should be noted 
that in healthy children this task was performed 
at the highest level in 100 % of cases. More than a 
half of children with ADHD performed this task at 
a high and average level.

In the study of visual-spatial perception and 
visual memory the low level of development pre-
vails in children with ADHD (52 %  — low level, 
20 % — medium level, 28 % — high level), and the 
high level prevails in second group (90 % — high 
level, 10 %  — medium level). This result shows a 
pattern between children with ADHD and possi-
ble impairment of visual memory and visual-spa-
tial perception, which can also be one of the cau-
ses of school failure.

The examination of intellectual maturity shows 
its low level in children with ADHD (36 %  — low 
level, 28 %  — below average level, 36 %  — ave-
rage level), and the ratio of children with average 
and high level is 50 % each in group 2.

The results show that children with ADHD are 
not ready for quick and well processing informa-
tion, also they do not have an enough vocabulary 

Fig. 1.  Neurological characteristics of children with atten-
tion defi cit disorder
Рис. 1.  Неврологические особенности детей с синдро-
мом дефицита внимания
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or they are inability to apply it fully. In most cas-
es, children with ADHD have a signifi cantly lower 
level of verbal intelligence compared to healthy 
children (Fig. 2, 3).

CONCLUSIONS
Thus, children with ADHD have predominantly 

low levels of personal maturity, fi ne motor skills 

and hand-eye coordination, visual-spatial percep-
tion and visual memory, and also low levels of ver-
bal intelligence. These markers are very important 
for studding and adaptation to school and new 
community.

1. Children with ADHD are not ready for scho-
oling due to their immaturity, low personal maturi-
ty (52 % — low level), fi ne motor skills and hand-eye 

Fig. 2.  Evaluation of the results of the Kern–Jirasik school maturity test in children with attention defi cithy peractivity 
disorder
Рис. 2. Оценка результатов теста школьной зрелости Керна–Йирасика у детей с синдромом дефицита внимания и 
гиперактивности
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Зрительно-пространственное 

восприятие и зрительная память /
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and visual memory 
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Fig. 3.  Evaluation of the results of the Kern-Jirasik school test in healthy children
Рис.3. Оценка результатов теста школьной зрелости Керна–Йирасика у здоровых детей
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coordination (40 % — low level), visual-spatial per-
ception and visual memory (52 % — low level), in-
suffi  cient verbal intelligence compared to healthy 
peers (36 % — low level).

2. The solution of the unpreparedness of chil-
dren with ADHD for school are later fi rst grade 
enrollment, attendance of pre-school lessons for 
better adaptation to new environment, classes 
with a speech therapist and psychologist, and in-
dividual approach of parents and pediatrician to 
the diagnostics and treatment.

We recommend an active sports and walking 
outside for the correct ratio of physical and men-
tal activity. Individual lessons should be carried 
out with breaks, so the child does not have time 
to get tired. It is acceptable to use a game format 
while teaching immature children.
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Abstract. Numerous experimental, clinical and laboratory studies have been devoted to the prevention of 
postoperative adhesions. Taking into account the etiological factors and mechanisms of formation of postoperative 
adhesions, a wide variety of methods have been proposed to prevent them. We analyzed the long-term results 
of surgical interventions on abdominal organs in 317  patients who were followed up to 18  months. The main 
group consisted of 101 patients in whom the drug Hemoben was used intraoperatively to prevent adhesions. The 
comparison group included 216 patients who underwent interventions without the use of any anti-adhesive agents. 
In the long-term period (from 3 to 18 months) after surgery, 116 patients of the comparison group and 64 patients 
of the main group had their quality of life assessed using the GIQLI questionnaire (Gastrointestinal Quality of Life 
Index) specially designed for such a cohort of patients. The study of the subjective factor of assessing anti-adhesive 
eff ectiveness based on a comparative analysis of the quality of life level according to the GIQLI questionnaire showed 
a higher value of this indicator in the main group for all major domains, with a total score of 103.8 ± 9.8 versus 
92.6 ± 10.8 points (t = 7.12; p < 0.05) (the indicator in the group of healthy individuals was 123.6 ± 5.1 points).

Key words: adhesive intestinal obstruction; anti-adhesive agents; quality of life; Hemoben drug.
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INTRODUCTION
The adhesions lead to decreased quality of life, 

chronic abdominal pain, and infertility. In some 
cases, an intestinal obstruction may develop [1–3].

In fact, adhesions are a specifi c pathologic 
response of the peritoneum to infl ammation in 
patients with cholecystitis, peptic ulcer, salpingi-
tis, oophoritis, endometriosis, and uterine myo-
ma. Previously occurring adhesions are often the 
cause of infertility in patients with tubal and peri-
toneal forms of infertility.

Numerous experimental, clinical, and laborato-
ry studies have been devoted to the prevention of 
postoperative adhesions. Taking into account etio-
logic factors and mechanisms of postoperative ad-
hesions formation, a wide variety of methods have 
been proposed for their prevention [4–7].

The available "barriers" are not the panacea; 
the search for new methods continues. Also, some 
authors propose to continue the development of 
liquid substances for single intraperitoneal ap-
plication, which will signifi cantly reduce the inci-
dence of postoperative adhesions. It will have a 
reasonable cost and there will not be any adverse 
eff ects on the coagulation system and wound 
healing processes [8–10].

MATERIALS AND METHODS
We analyzed the long-term results of surgi-

cal treatment of abdominal organs in 317  pa-
tients who were followed up to 18  months. The 

main group consisted of 101  patients in whom 
Hemoben was intraoperatively used to prevent 
adhesions. The control group included 216  pa-
tients, who underwent treatment without any an-
ti-adhesive agents (Table 1).

As the result of the follow-up in the long-term 
period (18 months) it was possible to establish the 
development of clinical picture of acute adhesive 
intestinal obstruction (AAIO) in 2 (2.0 %) patients 
of the main group, and in the control group — in 
19 (8.8 %) patients (Table 2). It should be noted, 
that in patients who had operated on for leaver 
and spleen injure with the use of Hemoben, in the 
long-term period the occurrence of clinical pic-
ture of AAIO was not noted in any case.

Only 1 (1.0 %) patient of the main group and 8 
(3.8 %) patients of the comparison group under-
went surgical intervention because of the AAIO 
(Table 3).

The data shows only clinically signifi cant cases 
of postoperative adhesive intestinal obstruction.

Therefore, for a more objective analysis the 
study was supplemented with subjective assess-
ment, which can also indirectly find the presence 
of adhesions affecting the patient’s condition 
and their quality of life (QOL). For this purpose, in 
the period from 3 to 18 months after the surgical 
treatment, 116 patients of the comparison group 
and 64  patients of the main group were evalu-
ated for their QOL using the Gastrointestinal 
Quality of Life Index (GIQLI) questionnaire, which 

Для цитирования: Исмаилов С.И., Бабажанов А.С., Оразалиев Г.Б., Байбеков Р.Р., Сапаев Д.Ш. Анализ качества жизни пациентов по-
сле хирургических операций в аспекте риска развития спаечной кишечной непроходимости // Children’s Medicine of the North-West. 
2024. Т. 12. № 1. С. 98–106. DOI: https://doi.org/10.56871/CmN-W.2024.54.38.010

Поступила: 03.11.2023 Одобрена: 01.12.2023 Принята к печати: 25.01.2024

Резюме. Предупреждению послеоперационных спаек посвящены многочисленные экспериментальные, 
клинические и лабораторные исследования. С учетом этиологических факторов и механизмов формирова-
ния послеоперационных спаек для их предупреждения предложены самые разнообразные методы. Нами 
проанализированы отдаленные результаты оперативных вмешательств на органах брюшной полости у 
317 пациентов, которые были прослежены в сроки до 18 месяцев. Основную группу составил 101 паци-
ент, у которых для профилактики спайкообразования интраоперационно применялся препарат Хемобен. 
В группу сравнения включено 216 больных, которым выполнены вмешательства без применения каких-
либо антиадгезивных средств. В отдаленный период (от 3 до 18 месяцев) после операции у 116 пациентов 
группы сравнения и 64 больных основной группы была проведена оценка уровня качества жизни с помо-
щью специально разработанного для такой когорты пациентов опросника GIQLI (Gastrointestinal Quality of 
Life Index). Изучение субъективного фактора оценки противоспаечной эффективности по сравнительному 
анализу уровня качества жизни по опроснику GIQLI показало более высокое значение этого показателя в 
основной группе по всем основным доменам, при этом общий балл составил 103,8±9,8 против 92,6±10,8 
баллов (t=7,12; p <0,05) (показатель в группе здоровых лиц составил 123,6±5,1 баллов).

Ключевые слова: спаечная кишечная непроходимость; противоспаечные средства; качество жизни; 
препарат Хемобен.
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Table 1. The number of followed-up patients depending on the time of follow-up

Таблица 1. Количество прослеженных больных в зависимости от сроков наблюдения

Период наблюдения / 
Observation period

Группа сравнения / Comparison group Основная группа / The main group

абс. / abs. % абс. / abs. %

Оперированы по поводу ОСКН / They were operated on for AAIO

1 месяц / 1 month 12 11,5 7 25,0

6 месяцев / 6 months 31 29,8 14 50,0

12 месяцев / 12 months 46 44,2 4 14,3

18 месяцев / 18 months 15 14,4 3 10,7

Всего / Total 104 100,0 28 100,0

Оперированы на желудке и/или кишечнике / Operated on the stomach and/or intestines

1 месяц / 1 month 14 19,4 11 20,4

6 месяцев / 6 months 24 33,3 21 38,9

12 месяцев / 12 months 23 31,9 14 25,9

18 месяцев / 18 months 11 15,3 8 14,8

Всего / Total 72 100,0 54 100,0

Оперированы по поводу травм печени или селезенки / They were operated on for injuries to the liver or spleen

1 месяц / 1 month 7 17,5 4 21,1

6 месяцев / 6 months 11 27,5 9 47,4

12 месяцев / 12 months 15 37,5 4 21,1

18 месяцев / 18 months 7 17,5 2 10,5

Всего / Total 40 100,0 19 100,0

Все больные / All patients

1 месяц / 1 month 33 15,3 22 21,8

6 месяцев / 6 months 66 30,6 44 43,6

12 месяцев / 12 months 84 38,9 22 21,8

18 месяцев / 18 months 33 15,3 13 12,9

Всего / Total 216 100,0 101 100,0

Примечание: ОСКН — острая спаечная кишечная непроходимость.
Note: AAIO — acute adhesive intestinal obstruction.

Table 2. The frequency of verifi cation of the development of acute adhesive intestinal obstruction in the period 
from 1 to 18 months after surgery

Таблица 2. Частота верификации развития острой спаечной кишечной непроходимости в сроки от 1 до 
18 месяцев после операции

Период наблюдения / 
Observation period

Группа сравнения / Comparison group Основная группа / The main group 

абс. / abs. % абс. / abs. %

Оперированы по поводу ОСКН / They were operated on for AAIO

1 месяц / 1 month 1 1,0 0 0,0

6 месяцев / 6 months 3 2,9 0 0,0

12 месяцев / 12 months 5 4,8 1 3,6

18 месяцев / 18 months 4 3,8 0 0,0

Всего / Total 13 12,5 1 3,6

Оперированы на желудке и/или кишечнике / Operated on the stomach and/or intestines

1 месяц / 1 month 0 0,0 0 0,0

6 месяцев / 6 months 0 0,0 0 0,0

12 месяцев / 12 months 2 2,8 1 1,9

18 месяцев / 18 months 1 1,4 0 0,0

Всего / Total 3 4,2 1 1,9
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Период наблюдения / 
Observation period

Группа сравнения / Comparison group Основная группа / The main group 

абс. / abs. % абс. / abs. %

Оперированы по поводу травм печени или селезенки / They were operated on for injuries to the liver or spleen

1 месяц / 1 month 0 0,0 0 0,0

6 месяцев / 6 months 0 0,0 0 0,0

12 месяцев / 12 months 2 5,0 0 0,0

18 месяцев / 18 months 1 2,5 0 0,0

Всего / Total 3 7,5 0 0,0

Все больные / All patients

1 месяц / 1 month 1 0,5 0 0,0

6 месяцев / 6 months 3 1,4 0 0,0

12 месяцев / 12 months 9 4,2 2 2,0

18 месяцев / 18 months 6 2,8 0 0,0

Всего / Total 19 8,8 2 2,0

χ2=5,169; df=1; p=0,023

Примечание: ОСКН — острая спаечная кишечная непроходимость.
Note: AAIO — acute adhesive intestinal obstruction.

 Ending of the table 2/ Окончание табл. 2 

Table 3. The number of patients with acute adhesive intestinal obstruction requiring surgery of the intestinal wall

Таблица 3. Число больных с острой спаечной кишечной непроходимостью, потребовавшей оперативного 
лечения

Период наблюдения / 
Observation period

Группа сравнения / Comparison group Основная группа / The main group 

абс. / abs. % абс. / abs. %

Оперированы по поводу ОСКН / They were operated on for AAIO

1 месяц / 1 month 0 0,0 0 0,0

6 месяцев / 6 months 1 1,0 0 0,0

12 месяцев / 12 months 2 1,9 1 3,6

18 месяцев / 18 months 2 1,9 0 0,0

Всего / Total 5 4,8 1 3,6

Оперированы на желудке и/или кишечнике / Operated on the stomach and/or intestines 

1 месяц / 1 month 0 0,0 0 0,0

6 месяцев / 6 months 0 0,0 0 0,0

12 месяцев / 12 months 1 1,4 0 0,0

18 месяцев / 18 months 1 1,4 0 0,0

Всего / Total 2 2,8 0 0,0

Оперированы по поводу травм печени или селезенки / They were operated on for injuries to the liver or spleen

1 месяц / 1 month 0 0,0 0 0,0

6 месяцев / 6 months 0 0,0 0 0,0

12 месяцев / 12 months 1 2,5 0 0,0

18 месяцев / 18 months 0 0,0 0 0,0

Всего / Total 1 2,5 0 0,0

Все больные / All patients

1 месяц / 1 month 0 0,0 0 0,0
6 месяцев / 6 months 1 0,5 0 0,0

12 месяцев / 12 months 4 1,9 1 1,0

18 месяцев / 18 months 3 1,4 0 0,0

Всего / Total 8 3,7 1 1,0

Примечание: ОСКН — острая спаечная кишечная непроходимость.
Note: AAIO — acute adhesive intestinal obstruction.
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was specially developed for this cohort of pa-
tients.

Among the 5  components of the GIQLI ques-
tionnaire assessment, special importance was in 
parameters such as "Signifi cance of symptoms" 
and "Reaction to surgical treatment", although oth-
er components were important ("Physical activity", 
"Emotional activity", and "Social activity"). Overall, 
all components provided a summative score for 
the QOL. For a more qualitative comparative ana-
lysis, a group of healthy persons (12  people) was 
also studied, whose indicators were considered 
as a refe rence for our two groups (Table 4). For 
conveni ence and more complete information, the 
given numerical data will refl ect the mean (M), its 
standard deviation (δ), the sample minimum (Min) 
and the sample maximum (Max) in each group.

As control data, we took the results of the sur-
vey in 12 healthy individuals, whose quality of life 
indicators are presented in Table 4.

РЕЗУЛЬТАТЫ
СA comparative analysis of both group’s quality 

of life after undergoing surgical treatment for AAIO 
showed reliable diff erences in four parameters: 
signifi cance of symptoms, physical activity, and 
response to surgical treatment. These parameters 
were higher in the main group (p < 0.05) (Table 5).

However, in patients who underwent gastric 
or intestinal surgical treatment, physical activity 
was the same as in the control group. But other pa-
rameters did not differ in the reliability le vel from 
those in patients operated on for AAIO (Table 6).

Similar results are in patients who underwent 
surgical treatment of liver and spleen injuries, 
where also the quality of physical activity in both 
groups does not diff er (Table 7).

However, the analysis of the cumulative as-
sessment of the QOL after all the surgeries shows 
that indexes are higher in the patients of the 
main group (p < 0.05), and only for one index 

Table 4. The level of quality of life (GIQLI) in a group of healthy individuals

Таблица 4. Уровень качества жизни (GIQLI) в группе здоровых лиц

Компонент оценки качества жизни / 
The quality of life assessment

Здоровые лица (n=12) / Healthy faces (n=12)

M δ Min Max

Значимость симптомов / The signifi cance of the symptoms 66,5 4,1 59 72

Физическая активность / Physical activity 23,3 1,7 21 26

Эмоциональная активность / Emotional activity 16,4 1,6 14 19

Социальная активность / Social activity 13,7 0,8 12 15

Реакция на оперативное лечение / Reaction to surgical treatment 3,8 0,5 3 4

Общий балл / Total score 123,6 5,1 116 132

Table 5. Assessment of the level of quality of life (GIQLI) after operations for acute adhesive intestinal obstruction

Таблица 5. Оценка уровня качества жизни (GIQLI) после операций по поводу острой спаечной кишечной не-
проходимости

Компонент оценки качества жизни / 
The quality of life assessment

Группа сравнения (n=52) / 
Comparison group (n=52)

Основная группа (n=21) / 
The main group (n=21)

t

M δ Min Max M δ Min Max
значение / 
meaning

p

Значимость симптомов / 
The signifi cance of the symptoms

47,3 9,5 29 67 54,8 8,1 41 70 3,37 <0,05

Физическая активность / 
Physical activity

16,1 2,6 11 21 17,8 2,2 13 22 2,78 <0,05

Эмоциональная активность / Emo-
tional activity

12,1 2,7 7 17 12,7 2,2 9 16 0,96 >0,05

Социальная активность / 
Social activity

10,0 1,8 6 13 10,8 1,4 8 13 1,83 >0,05

Реакция на оперативное лечение / 
Reaction to surgical treatment

2,1 0,6 1 3 2,4 0,6 1 3 2,43 <0,05

Общий балл / Total score 87,6 10,2 64 111 98,4 8,8 82 115 4,50 <0,05
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coa ting both over parenchymatous organs at 
traumatic injuries and locally to the injury area 
of parietal and visceral peritoneum, in terms of 
18  months following-up allowed to reduce the 
frequency of clinically significant cases of post-
operative AAIO from 8.8 % (in 19 out of 216 pa-
tients in the comparison group) to 2.0 % (2  out 
of 101  patients in the main group). The largest 
proportion of patients (13 out of 19 and 1 out of 
2, respectively) were after earlier surgical treat-
ment of this complication. In turn, resolution of 
AAIO was observed in 11 out of 19 patients in the 
comparison group and in 1 out of 2 in the main 
group, whereas in 3.7 % (8  patients) and 1.0 % 

("Emotional activity") there was no signifi cant dif-
ference between two groups (Table 8).

Comparing, in the patients of the main group, 
where the anti-adhesive preparation Hemoben 
was applied, after various surgeries on the abdo-
minal organs, indices of QOL are close to those in 
healthy people, and signifi cantly higher (t = 7,12; 
p < 0,05) than in the patients of the comparison 
group (Fig. 1, 2).

CONCLUSIONS
Thus, clinical evaluation of prevention of 

postoperative AAIO in the abdominal cavity 
has shown that application of Hemoben bio-

Table 6. Quality of Life Assessment (GIQLI) after gastric and/or intestinal surgery

Таблица 6. Оценка уровня качества жизни (GIQLI) после операций на желудке и/или кишечнике

Компонент оценки качества жизни / 
The quality of life assessment

Группа сравнения (n=36) / 
Comparison Group (n=36)

Основная группа (n=29) / 
The main group (n=29)

t

M δ Min Max M δ Min Max
значение / 
meaning

p

Значимость симптомов / 
The signifi cance of the symptoms

51,7 9,6 34 70 59,4 8,8 46 75 3,40 <0,05

Физическая активность / 
Physical activity

18,6 2,6 14 23 19,6 2,0 15 24 1,72 >0,05

Эмоциональная активность / Emo-
tional activity

13,6 2,8 9 18 13,9 2,1 11 18 0,52 >0,05

Социальная активность / 
Social activity

11,3 1,8 8 14 12,0 1,2 9 14 1,88 >0,05

Реакция на оперативное лечение / 
Reaction to surgical treatment

2,2 0,6 1 3 2,6 0,6 1 4 2,31 <0,05

Общий балл / Total score 97,3 10,3 78 121 107,7 8,5 93 124 4,10 <0,05

Table 7. Quality of Life Assessment (GIQLI) after surgery for liver and/or spleen injuries

Таблица 7. Оценка уровня качества жизни (GIQLI) после операций по поводу травм печени и/или селезенки

Компонент оценки качества жизни / 
The quality of life assessment

Группа сравнения (n=28) / 
Comparison group (n=28)

Основная группа (n=14) / 
The main group (n=14)

t

M δ Min Max M δ Min Max
значение / 
meaning

p

Значимость симптомов / 
The signifi cance of the symptoms

49,1 8,1 35 66 55,4 8,2 39 72 2,32 <0,05

Физическая активность / 
Physical activity

20,3 2,6 16 25 21,3 2,6 17 26 1,15 >0,05

Эмоциональная активность / Emotion-
al activity

13,3 2,2 9 17 13,6 1,8 11 17 0,44 >0,05

Социальная активность / 
Social activity

11,0 1,3 9 13 11,8 1,3 9 13 1,85 >0,05

Реакция на оперативное лечение / 
Reaction to surgical treatment

2,1 0,6 1 3 2,5 0,5 2 3 2,39 <0,05

Общий балл / Total score 95,8 8,5 80 111 104,5 9,2 88 119 2,96 <0,05
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Fig. 1.  Comparative indicators of the quality of life index (total GIQLI scores) depending on the operation. AAIO$— acute 
adhesive intestinal obstruction. "P" values are reported between study groups
Рис. 1.  Сравнительные показатели индекса качества жизни (общие баллы по GIQLI) в зависимости от перенесенной 
операции. ОСКН$— острая спаечная кишечная непроходимость. Значение «p» приведено между группами исследования
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(1  patient) of cases, respectively, this compli-
cation required surgical treatment. The compa-
rative analysis of the level of QOL according to 
the GIQLI questionnaire showed a higher va lue 
of this indicator in the main group, which was 
indicated in the study of the subjective factor of 
anti-adhesive effectiveness. Thus, 4 out of 5 do-
mains showed a higher value of QOL, in particu-
lar, according to the criterion "Significance of 
symptoms" the index in the comparison group 
amounted to 49,1 ± 9,3  points, and in the main 

group  — 57,0 ± 8,6  points (t = 5,71; p < 0,05); 
"Reaction to surgical treatment"  — 2,1 ± 0,6  vs. 
2,5 ± 0,6  points (t = 4,36; p < 0.05); "Physical ac-
tivity"  — 17.9 ± 3.1  vs 19.3 ± 2.5  points (t = 3.43; 
p < 0.05) and "Social activity"  — 10.7 ± 1.8  vs 
11.5 ± 1.4  points (t = 3.71; p < 0.05), and only for 
the "Emotional activity" domain the diff erence 
was not signifi cant — 12.8 ± 2.7 vs 13.4 ± 2.1 points 
(t = 1.61; p > 0.05). Overall, the total score was 
higher in the main group  — 103.8 ± 9.8  vs 
92.6 ± 10.8 points (t = 7.12; p < 0.05), which gene-

Table 8. Summary assessment of the quality of life (GIQLI) after all operations

Таблица 8. Сводная оценка уровня качества жизни (GIQLI) после всех операций

Компонент оценки качества жизни / 
The quality of life assessment

Группа сравнения (n=116) / 
Comparison group (n=116)

Основная группа (n=64) / 
The main group (n=64)

t

M δ Min Max M δ Min Max
значение / 
meaning

p

Значимость симптомов / The signifi -
cance of the symptoms

49,1 9,3 29 70 57,0 8,6 39 75 5,71 <0,05

Физическая активность / 
Physical activity

17,9 3,1 11 25 19,3 2,5 13 26 3,43 <0,05

Эмоциональная активность / Emo-
tional activity

12,8 2,7 7 18 13,4 2,1 9 18 1,61 >0,05

Социальная активность / 
Social activity

10,7 1,8 6 14 11,5 1,4 8 14 3,71 <0,05

Реакция на оперативное лечение / 
Reaction to surgical treatment

2,1 0,6 1 3 2,5 0,6 1 4 4,36 <0,05

Общий балл / Total score 92,6 10,8 64 121 103,8 9,8 82 124 7,12 <0,05
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Fig. 2. The ratio of the quality of life indicator in the study groups in relation to healthy individuals
Рис. 2.  Соотношение показателя качества жизни в группах исследования по отношению к здоровым лицам

rally provided a higher compliance with the 
group of healthy individuals (123.6 ± 5.1 points), 
amounting to 74.9 % in the comparison group 
and 84.0 % in the main group.

SUMMARY
The clinical evaluation of the prevention of 

the development of postoperative AAIO in the 
abdominal cavity showed that the application of 
Hemoben bio-coating both over the parenchyma-
tous organs at traumatic injuries and locally to the 
injury area of the parietal and visceral peritoneum, 
in 18 months follow-up allowed to reduce the fre-
quency of development of clinically signifi cant cas-
es of posto perative AAIO from 8.8 to 2.0 %, while in 
3.7 and 1.0 % of cases, respectively, the mentioned 
complication required surgical treatment.

The study of subjective factor of anti-adhesive 
effi  cacy assessment by the comparative analysis 
of the level of QOL according to the GIQLI ques-
tionnaire showed a higher value of this index 
in the main group in all main domains, except 
for the level of the component "Social activity", 
and the total score amounted to 103.8 ± 9.8  vs 
92.6 ± 10.8 points (t = 7.12; p < 0.05), which in ge-
neral provided a higher correspondence to the 
group of healthy individuals (123.6 ± 5.1  points), 

amounting 74.9 % in the comparison group and 
84.0 % in the main group.
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Abstract. Introduction. Bioimpedansometry is one of the methods that describes the absolute and relative amount 
of muscle and fat tissue, water sectors of the body. Determining the patterns of changes in the component 
composition of the body depending on the degree of obesity in children will improve the effi  ciency of therapeutic 
actions aimed at reducing body weight. The aim: to estimate the features of component composition of the body 
in children with varying degrees of obesity. Materials and methods. 152 children 7–17 years of age with obesity 
took part in one-time research based on the Clinic of Saint Petersburg State Pediatric Medical University: 27 people 
with I degree, 50 people with II degree, 42 with III degree and 33 had morbid obesity. The control group consisted 
of 25 healthy children without obesity. For evaluating the composition of the body, the “ABC-01 MEDASS-device” 
was used, St. Petersburg. The main indicators were estimated: body fat mass and it’s share, lean body mass, active 
cell mass and it’s share, skeletal muscle mass and it’s share, specifi c basal metabolic rate, total body water and 
extracellular water. Results. The proportion of body fat mass at I–II degrees is not expressed and increases by 12–
16 % at III–IV degrees of obesity. The lean body mass increases with increasing the degree of obesity: I degree — 
22.3 % increasing; II degree — 42.1 % increasing, III degree — 51.1 % increasing, IV degree (morbid obesity) — 73 % 
increasing. The indicator of Active cell mass decreases as the degree of obesity increases. The deviation of active cell 
mass in children with I degree of obesity was lower by 9.4 % compared to the control group, with II degree — by 
11.8 %, with III degree — by 16.6 %, with IV degree (morbid) — by 21.15 %. The incidence of “sarcopenic obesity” 
(decrease in skeletal muscle mass and its proportion): in 25.5 % of children with morbid obesity, in 20.5 % with III 
degree and 10 % with II degree. The indicator of total body water in children with I–II degrees of obesity is the same 
and increased by 24.7 %, with III degrees — by 44.1 %, with IV degrees (morbid) — by 63 %. Conclusion. Obesity 
has an infl uence on the body composition parameters in children. These changes are diff erent and depend on the 
degree of obesity. The most expressed disorders are observed in adolescents with long-term morbid obesity.
Key words: children; obesity; degree of obesity; body composition.
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Резюме. Введение. Биоимпедансометрия является одним из методов, описывающих абсолютное и отно-
сительное количество мышечной и жировой ткани, водных секторов организма. Определение законо-
мерностей изменения компонентного состава тела в зависимости от степени ожирения у детей позволит 
повысить эффективность терапевтических мероприятий, направленных на снижение массы тела. Цель: 
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INTRODUCTION
According to the World Health Organization 

(WHO), obesity is the most common chronic dis-
ease in the world. The medical community is con-
cerned about its progressive growth among chil-
dren. This indicator in the Russian Federation has 
reached 27% in 2022 year [1, 2]. The importance 
of obesity in pediatrics is determined by the unfa-
vorable prognosis in the form of the development 
of metabolic disorders and comorbid pathology 
[2–4]. The determination of body mass index (BMI) 
is recommended as a diagnostic criterion of obe-
sity in children [5]. However, its estimation is not 
always suffi  cient because it does not refl ect the 
ratio between the components of body weight 
(lean and fat mass). It is diffi  cult to directly esti-
mate the amount of fad tissue in the body; for this 
purpose, bioimpedance analysis of body compo-
sition (BIA) is used. It is a non-invasive and widely 
available medical diagnostic technology for ana-
lyzing the body composition (vo lumes of water 
score, lean and fat mass, active cell mass, etc.) and 
objective assessment of a person’s nutritional sta-
tus. It is based on measuring the electrical resist-
ance of tissues (impedance) when a low-intensi-
ty electric current passes through them [6]. The 
use of BIA allows to create an optimal complex 
of eff ects on eff ective weight loss with control of 
markers in dynamics [7–10]. In recent years, the 
number of scientifi c publications related to body 
composition studies about obesity in children 

was increased [11–13]. Nevertheless, the issue of 
chan ges and diff erences in the content of bone, 
fat and muscle mass depending on the class of 
obesity has not been fully studied.

THE AIM OF THE STUDY
To evaluate the features of body composition 

in children with diff erent classes of obesity.

MATERIALS AND METHODS
In the one-stage study, 152 children with obe-

sity aged 7–17 years were examined (boys: n = 73; 
girls: n = 79) in clinic of FSBEI HE SPbSPMU of the 
Ministry of Healthcare of the Russian Federation. 
The class of obesity was taken as the basis for di-
viding patients into groups:

• Group 1  — children with I class of obesity 
(17.7 %; n = 27);

• Group 2 — children with the II class of obesity 
(33 %; n = 50);

• Group 3  — children with III class of obesity 
(27.6 %; n = 42);

• Group 4 — children with IV class (morbid) of 
obesity (21.7 %; n = 33).

The control group consisted of 25  children 
without obesity.

All patients underwent standard clinical and 
laboratory examination. To assess body compo-
sition, we used an AVS-01  MEDASS device (St. 
Petersburg) connected to a personal computer 
with installed software. The study was performed 

оценить особенности композитного состава тела у детей с различной степенью ожирения. Материалы 
и методы. Проведено одномоментное исследование, в котором приняло участие 152 ребенка в возрасте 
7–17 лет с ожирением на базе клиники ФГБОУ ВО СПбГПМУ Минздрава России: 27 человек с I степенью, 50 
человек со II степенью, 42 — с III степенью и 33 имели морбидное ожирение. Группу контроля составили 
25 здоровых детей без ожирения. Для оценки композиционного состава тела был использован аппарат 
«АВС-01 МЕДАСС», г. Санкт-Петербург. Оценивали основные показатели: жировая масса тела (ЖМТ) и ее 
доля, безжировая (тощая) масса (БМТ) тела, активная клеточная масса (АКМ) и ее доля, скелетно-мышечная 
масса (СММ) и ее доля, удельный основной обмен (УОО), общая вода в организме (ОВО), внеклеточная 
жидкость (ВКЖ). Результаты. Доля ЖМТ при I–II степени не различается и увеличена на 12–16% при III–
IV степени. Количество БМТ повышается с увеличением степени ожирения: I степень — превышение на 
22,3%; II степень — на 42,1%, III степень — на 51,1%, IV степень (морбидное) — на 73%. Показатель АКМ 
по мере возрастания степени ожирения снижается: у детей с I степенью ожирения отклонение АКМ по 
сравнению с группой контроля было ниже на 9,4%, со II степенью — на 11,8%, с III степенью — на 16,6%, с 
IV степенью (морбидное) — на 21,15%. Частота встречаемости «саркопенического ожирения» (снижение 
СММ и ее доли): у 25,5% детей с морбидным ожирением, у 20,5% — с III степенью и 10% — со II степенью. 
Уровень УОО и ВКЖ не зависят от степени ожирения. Показатель ОВО у детей с I–II степенью одинаковый 
и увеличен на 24,7%, с III степенью — на 44,1%, с IV степенью (морбидное) — на 63%. Заключение. Ожире-
ние влияет на изменение параметров композиционного состава тела у детей. Эти изменения различны и 
зависят от степени ожирения. Наиболее выраженные нарушения наблюдаются у подростков с длительно 
текущим морбидным ожирением.
Ключевые слова: дети; ожирение; степень ожирения; композиционный состав тела.
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while patients were lying on the back with the 
correct position of electrodes.

The main indices were evaluated in abso-
lute numbers and percent of deviation from the 
norm: Body fat mass (BFM, kg), percentage of 
deviation from normal BFM, fraction of fat mass 
(BFM, %), percentage of deviation from normal 
BFM fraction, fat-free (lean) body mass (FFM, kg), 
percentage of deviation from normal BFM, active 
cell mass (ACM, kg), fraction of active cell mass 
(ACM, %), percentage of deviation from normal 
ACM fraction, skeletal muscle mass (SMM, kg), 
percentage of deviation from the normal SMM, 
fraction of skeletal muscle mass (SMM, %), per-
centage of deviation from the normal SMM frac-
tion, specific basic metabolism rate (SBM, kcal/m 
per day), percentage of deviation from the nor-
mal SBM, basic metabolism rare (BM, kcal/day), 
total body water (TBW, kg), percentage of devi-
ation from the norm of TBW, extracellular fluid 
(ECF, kg), percentage of deviation from the norm 
of ECF. A statistical processing was performed 
using the program STATISTICA 10.0 (StatSoft 
Inc., USA). All data are presented as median and 
interquartile range, because the most of studied 
parameters did not have an approximate-normal 
distribution. The Mann-Whitney test was used to 
assess the reliability of differences between the 
studied groups. A correlation analysis was per-
formed using Spearman's criterion. The critical 
level of significance of differences was accepted 
as p ≤ 0.05.

RESULTS AND DISCUSSION
The height values in the studied groups of chil-

dren with obesity were 159.7 [120;198] cm. The 
physical development above average and high 

was found in 76 % of adolescents. The body weight 
values in the main group were 84.3 [40.8;169] kg. 
The waist circumference was 100 [85;115] cm and 
hip circumference was 98 [91;105] cm. The distri-
bution of subcutaneous fat tissue was uneven, with 
an emphasis on the abdomen. The sexual develop-
ment of the children corresponded to II–V stages 
according to Tanner.

Fat mass
There was excess of fat mass in children with 

obesity compared to the control group (p = 0.03) 
(Fig. 1).

The excess of fat mass compared to the control 
group in children with I-II classes was in 8.4 %, with 
III class — 12.7 %, with IV class — 16.2 % (p = 0.01).

There was a direct perfect correlation between 
BFM and BMI (r = 0.95), FFM (r = 0.91). A mode-
rate correlation was found between BMI and FFM 

Fig. 1. Mean values of fat mass (kg) in obese children and 
in the control group
Рис. 1. Средние значения жировой массы (кг) у детей 
с$ожирением и в группе контроля

Table 1. Amount of lean mass in children with diff erent degrees of obesity

Таблица 1. Количество тощей массы у детей с различной степенью ожирения

Исследуемая группа / The study group

Среднее значение 
количества тощей 

массы, кг / 
The mean of lean mass, kg

Превышения БМТ по 
сравнению с группой 

контроля, % / 
The excesses of the lean 
body mass compared to 

the control group, %

Группа контроля / The control group 40,25

Ожирение I степени / The I degree of obesity 49,22 22,3%

Ожирение II степени / The II degree of obesity 57,19 42,1%

Ожирение III степени / The III degree of obesity 60,82 51,1%

Ожирение IV степени / The IV degree of obesity 69,63 73%
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(r = 0.61), which indicates that the increase in BMI 
in overweight and children with obesity is mainly 
due to an increase in BFM. To a lesser extent BMI 
in children with obesity is aff ected by FFM.

Lean body mass (fat-free mass)
The mean values of FFM in children in the stu-

died groups are presented in Table 1.
A statistically signifi cant excess of FFM was 

found in 30 % of adolescents (13–17  years old) 
with obesity (p = 0.0001). There was a signifi cant 
diff erence in the value of FFM excess. It was 72,9 % 
in girls and 41,3 % in boys (p = 0.02) (Figure 2).

The percentage of FFM deviation was not the 
same in groups of diff erent classes of obesity, in 
all groups it was exceeded: in group 1 — 22.3 %; 
in group 2 — 42.1 %; in group 3 — 51.1 % and in 
group 4 — 73 % (p = 0.003) (Figure 3).

Active cell mass
Active cell mass (ACM) includes actively me-

tabolizing muscle cells, cells of internal organs, 
and nervous tissue. The ideal proportion of ACM 
is 50–56 % [6]. The importance of maintaining nor-
mal ACM is confi rmed by a number of studies, ac-
cording to them, the ACM is a needed part to lose 
a fat mass in the process of reducing body weight.

A decrease in the number of metabolically active 
cells leads to a decrease in the metabolic rate and 
causes a constant feeling of hunger, signaling that 
the cells of the body are undernourished despite the 
large amount of energy scores in the body [2].

If we think that children with obesity experi-
ence a greater sense of hunger compared to chil-
dren with normal body weight, it can be argued 
that low levels of ACM are a serious problem in 
the weight loss process.

There is a tendency: the ACM decreases if the 
degree of obesity increases. In children with class 
I of obesity, the deviation of ACM compared to 
the control group was lower by 9.4 %, with class 
II — by 11.8 %, with class III — by 16.6 %, with class 
IV — by 21.15 % (p = 0.003) (Fig. 4).

Skeletal muscle mass
In 56 % of the examined children with obesity, 

a decrease in the level of SMM and its fraction was 
detected (p ≤ 0.05). A normal fraction of SMM was 

Fig. 2.  Mean values of lean mass percentage (kg) in obese 
girls and boys and in the control group
Рис. 2.  Средние значения доли тощей массы (кг) у 
девочек и мальчиков с ожирением и в группе контроля

Fig. 3. Level of deviation of lean mass percentage ( %) in 
children with different degrees of obesity
Рис. 3.  Уровень отклонения доли тощей массы (%) у 
детей с различной степенью ожирения 

Fig. 4. Dependence of ACM level on the degree of obesity
Fig. 4. Dependence of ACM level on the degree of obesity
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found in 29 % and in 15 % was increased (p ≤ 0,05). 
The condition of progressive loss of muscle mass 
is most studied in elderly patients and children 
with oncologic diseases, cerebral palsy, in the 
postoperative period and is called "sarcopenia" [9, 
10]. The "Sarcopenia" on the background of obe-
sity in children is a poorly studied problem and 
deserves a special attention [10]. The frequency 
of "sarcopenia" increased with increasing of class 
of obesity: a 25.5 % of the examined patients with 
decreased SMM had IV class of obesity (morbid), 
20.5 % — III class and 10 % — III class (Fig. 5). The 
88.1 % of the examined children with low SMM 
had a long ( > 5 years) course of obesity diagnosed 
at an early age, progressing in puberty.

Specific basic metabolism
When evaluating the SBM, it was found that 

in the group of patients with obesity the values 
were higher than in the control group. A study of 
correlations demonstrates a direct relationship 
between the level of ACM in the main group of 

children with obesity and the level of SBM in this 
group (r = 0.84). A weak direct correlation (r = 0.27) 
was found between the level of SBM and BFM, in-
dicating an increase in SBM in children with obesi-
ty due to an increase in the number of metaboliz-
ing cells rather than adipose tissue. No statistically 
signifi cant diff erences in the level of SBM depen-
ding on the degree of obesity were found.

Total body water
In 100 % of cases, an excess of TBW was found 

in children with obesity compared to children of 
the control group (Table 2).

If the class of obesity increases, there are 
an increase in TBW, in girls largely than in boys 
(70.2  and 41 %, respectively) (r = 0.91, p = 0.001). 
In children with I–II classes it was by 24.7 %, with 
III class  — by 44.1 %, with IV class  — by 63 % 
(r = 0.92, p = 0.002). There was a difference in the 
degree of TWO excess between boys and girls 
with IV class of obesity by 39.7  and 67.3 %, re-
spectively (p = 0.0002).

According to a number of researchers, the specifi c 
weight of water in adipose tissue is much lower than 
in muscle tissue [6]. Thus, the muscle mass makes the 
greatest contribution to the increase in the level of 
TWO, which is confi rmed by the correlation between 
the ACM and value of total water (r = 0.9).

Extracellular fluid
The change of ECF value was found in children 

with obesity of high school age only (15-17 years 
old). The decrease in the amount of ECF was found 
in 26 % of children with III-IV classes of obesity and 
increase — in 6.2 % (p = 0.001).

CONCLUSION
Obesity makes a signifi cant contribution to 

changes in body composition in children. The 

Fig. 5.  Frequency of “sarcopenia” among children with 
different degrees of obesity
Рис. 5.  Частота «саркопении» среди детей с различной 
степенью ожирения

Table 2. Mean values of total body water in obese children compared to the control group

Таблица 2. Средние значения ОВО у детей с ожирением по сравнению с группой контроля

Исследуемая группа / The study group

Среднее значение уровня 
ОВО, кг / 

Mean values of total body 
water, kg

Превышения по сравнению 
с группой контроля, % / 

The excesses compared to 
the control group, %

Группа контроля / The control group 44,3

Ожирение I степени / The I degree of obesity 54,75 23,61

Ожирение II степени / The II degree of obesity 55,24 24,7

Ожирение III степени / The III degree of obesity 63,84 44,11

Ожирение IV степени / The IV degree of obesity 72,21 63
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changes are diff erent and depend on the class of 
obesity. The most pronounced disorders are ob-
served in adolescents with long-term morbid obe-
sity.

1. The proportion of BFM is not diff erent in I–II 
classes of obesity and increased by 12–16 % in III–
IV classes.

2. The amount of FFM increases with increas-
ing of class of obesity: in the I class, it exceeded by 
22.3 %, II class — 42.1 %, III class — 51.1 % and III 
class (morbid) — 73 %.

3. The ACM value decreases with increasing 
of the class of obesity: in children with I class of 
obesity, the deviation of ACM compared to the 
control group was lower by 9.4 %, with II class — 
by 11.8 %, with III class — by 16.6 %, with IV class 
(morbid) — by 21.15 %.

4. The frequency of "sarcopenic obesity" (de-
creased SMM and its proportion): in 25.5 % of chil-
dren with morbid obesity, in 20.5 % with III class 
and in 10 % with II class.

5. The levels of SBM and ECF are independent 
of the class of obesity.

6. The TBW in children with I-II classes of obe-
sity is the same and increased by 24.7 %, with III 
class  — by 44.1 %, with IV class (morbid)  — by 
63 %.
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Abstract. Introduction. Tissue oximetry is one of the most promising methods for assessing the effi  ciency of 
systemic perfusion in children in critical condition, which is especially true for newborns with heart defects, but it 
is not a routine method of diagnosing systemic hypoperfusion in neonatal intensive care units, which requires its 
wider implementation. The aim of the study is to demonstrate the possibilities of prolonged NIRS-monitoring of 
renal tissue oxygenation to determine further tactics of management of newborns with congenital heart disease. 
Patients and methods. Three clinical cases of prolonged noninvasive monitoring of renal oxygenation in infants with 
congenital heart disease accompanied by systemic hypoperfusion in the perioperative period are presented. Results. 
It was demonstrated that on the basis of renal tissue oxygenation indices it is possible to make an informed decision 
on the correction of intensive care measures and the need for emergency cardiac surgery. In some cases, NIRS-
monitoring allows to avoid early intubation and invasive ventilation of lungs, which is refl ected in the description 
of the third case. Conclusion. Noninvasive real-time bedside monitoring of tissue oxygenation is a highly eff ective 
method of diagnosing systemic hypoperfusion and should be more widely used in neonatal intensive care units, 
especially in neonates with CHD, in whom the risk of shock of various genesis is extremely high.
Key words: tissue oximetry; neonate; critical congenital heart disease; systemic hypoperfusion.
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Резюме. Введение. Тканевая оксиметрия является одним из наиболее перспективных методов оценки эф-
фективности перфузии у детей в критическом состоянии, что особенно справедливо для новорожденных 
с пороками развития сердца, однако она не является рутинным методом диагностики в неонатальных от-
делениях реанимации и интенсивной терапии, что требует ее более широкого внедрения. Цель исследо-
вания — демонстрация возможностей продленного NIRS-мониторинга оксигенации тканей почек с целью 
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INTRODUCTION
The use of near-infrared spectroscopy to assess 

the adequacy of cerebral perfusion and oxygena-
tion was fi rst proposed by F.F. Jobsis in 1977 [1]. 
Subsequently, his idea was implemented by crea-
ting monitors to assess the saturation of brain tis-
sue and other internal organs with oxygen.

The principle of the NIRS method is based on 
the ability of tissues to transmit light in the range 
close to the infrared spectrum (740–3000  nm), 
this ability is maximum in the range of 600–
1000  nm. As a light beam passes through the 
tissues of internal organs, pigment compounds 
known as chromophores absorb light. Human 
tissues contain many components for which ab-
sorption spectra of light with a wavelength close 
to the infrared range have been well studied, the 
concentration of which varies depending on tis-
sue oxygenation and the level of oxyhemoglo-
bin, deoxyhemoglobin and cytochrome a-a3. In 
addition to oxyhemoglobin and deoxyhemoglo-
bin, other hemoglobin compounds, in particular 
carboxyhemoglobin, are also capable of absor-
bing a light beam in a spectrum close to infrared 
radiation, but under physiological conditions the 
overall error in the absence of taking into account 
the optical properties of these compounds does 
not exceed 1 % [2, 3]. The venous component ac-
counts for approximately 75–85 % of the blood 
fl ow volume, and since monitoring using NIRS 
technology is not dependent on the presence of 
a pulse wave, the data obtained during the study 
refl ects the weighted average (75–85 % venous) 
oxyhemoglobin concentration of the studied area 
[4]. Numerous factors can infl uence NIRS values, 
but the two main ones are tissue perfusion and 
tissue oxygen utilization. Thus, NIRS indirectly re-

fl ects the balance between oxygen delivery and 
oxygen consumption. Since the tissue oximeter 
signal propagates according to the Beer–Lambert 
Law, which states that a parallel monochromatic 
beam of light attenuates as it propagates through 
an absorbing medium and refl ects information 
about vessels with a diameter of less than 1 mm, 
the monitoring is a convenient tool for assessing 
visceral perfusion, which is benefi cial distingui-
shes it from Doppler ultrasound, which allows one 
to evaluate the effi  ciency of blood fl ow in larger 
blood vessels at a limited point in time [5].

First of all, this monitoring method became 
widespread in neurosurgery; later, the cerebral 
NIRS monitoring began to be used in various 
branches of medicine [6]. In particular, in cardiac 
surgery it is used as the only option for neuromon-
itoring or as part of combined neuromonito ring 
during cardiac surgery. It has been established 
that the use of parainfrared spectroscopy du ring 
cardiac surgery with cardiopulmonary bypass 
makes it possible to detect episodes of cerebral 
ischemia with a higher frequency than previously 
thought, which, in turn, can signifi cantly reduce 
the frequency of cerebral-vascular intraoperative 
complications in cardiac surgery [7–9].

Since 1980, studies have appeared on the ef-
fectiveness of using NIRS to monitor cerebral, tis-
sue and organ perfusion in newborns and young 
children [10, 11]. A radiation close to the infra-
red spectrum is absorbed mainly in the dermis, 
but about 30 % of the light fl ux penetrates to a 
depth of 30  mm, reaching the subcutaneous fat 
layer and the organs located underneath it [12]. 
This penetrating ability of para-infrared radiation, 
on the one hand, and the insignifi cant thickness 
of the integumentary tissues in newborns, on the 

определения дальнейшей тактики ведения новорожденных с врожденными пороками сердца. Пациенты 
и методы. Представлены три клинических случая применения продленного неинвазивного мониторинга 
почечной оксигенации у детей раннего возраста с врожденными пороками сердца, сопровождающимися 
системной гипоперфузией, в периоперационном периоде. Результаты. Продемонстрировано, что оцен-
ка показателей оксигенации тканей почек позволяет принять обоснованное решение о коррекции меро-
приятий интенсивной терапии и необходимости проведения экстренного кардиохирургического вмеша-
тельства. В ряде случаев NIRS-мониторинг позволяет избежать раннего перевода пациента на инвазивную 
вентиляцию легких, что отражено в описании третьего случая. Заключение. Неинвазивный прикроватный 
мониторинг тканевой оксигенации в режиме реального времени является высокоэффективным методом 
диагностики системной гипоперфузии и должен более широко использоваться в отделениях неонаталь-
ной реанимации и интенсивной терапии, особенно у новорожденных с врожденным пороком сердца, у ко-
торых риск развития шока различного генеза крайне высок.
Ключевые слова: тканевая оксиметрия; новорожденные; критические врожденные пороки сердца; 
системная гипоперфузия.
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other, make it possible to evaluate the eff ective-
ness of oxygenation and perfusion of the kidneys, 
intestines, liver, muscles and brain [13, 14].

Currently, there are many studies on the use 
of cerebral oximetry in young children with con-
genital heart defects (CHDs) during cardiac sur-
gery with cardiopulmonary bypass. Special proto-
cols have been developed that take into account 
cerebral oximetry indicators to determine clinical 
tactics during cardiac surgery in order to improve 
long-term neurological prognosis [15–19].

There are studies of organ perfusion in prema-
ture newborns for the purpose of early diagnosis 
of necrotizing enterocolitis, one of which demon-
strated that regional oximetry indices of the ab-
dominal region correlate with volume-velocity 
characteristics in the superior mesenteric artery 
obtained by Doppler study [20]. Several studies 
have noted that preterm infants with clinical ne-
crotizing enterocolitis (NEC) had lower abdo minal 
oxygenation values and less variability from base-
line compared to controls [21, 22]. The eff ective-
ness of the use of parainfrared spectroscopy in 
children with congenital heart disease has been 
proven as a predictor of the development of NEC 
in the postoperative period [23]. A.G. DeWitt et al. 
demonstrated the possibility of prolonged mo-
nitoring of organ perfusion using parainfrared 
spectroscopy to assess the risks of developing 
necrotizing enterocolitis in newborns with con-
genital heart disease, including those with a func-
tionally single ventricle [24]. The study included 
64  newborns who underwent biventricular cor-
rection of congenital heart disease or palliative 
interventions. In the postoperative period, organ 
blood fl ow was monitored before and during the 
initiation of enteral feeding to determine whether 
changes in the obtained parameters are associa-
ted with the risk of developing necrotizing ente-
rocolitis. The proven necrotizing enterocolitis or 
suspicion of it was noted in 32 % of patients with a 
functionally single ventricle, while it was absent in 
children with biventricular correction, which was 
statistically signifi cant (p = 0,001). Compared with 
patients with or without suspected NEC, children 
with proven NEC had lower rates of splanchnic 
rSO2 (32.6 % vs. 47 %; p = 0,05).

The advantage of the method is non-invasive-
ness and safety for patients, no restrictions on the 
duration of use, the ability to assess tissue oxy-
genation in real time, which allows you to monitor 
changes during therapeutic measures that aff ect 
vascular resistance, the balance of pulmonary and 

systemic blood fl ow. At the same time, it should 
be noted that, according to some experts, there 
are diffi  culties in determining the critical values 
of organ perfusion indicators and eliminating ar-
tifacts that arise when the patient moves, which 
limits the use of NIRS for monitoring splanchnic 
blood fl ow [25].

Despite the potential of NIRS monitoring in 
cardiac anesthesiology, including in newborns 
with congenital heart disease, this technique has 
not been widely used in the practice of intensive 
care units to assess the eff ectiveness of organ per-
fusion [26, 27].

It should be noted that newborns with CHDs 
who are at high risk of severe impairment of sys-
temic perfusion, which makes continuous moni-
toring of renal oxygenation the most promising 
method for assessing changes in regional blood 
fl ow even before irreversible organ damage oc-
curs.

We believe that the currently available data, 
despite some limitations, make it possible to use 
the assessment of tissue oxygenation and perfu-
sion as a useful tool for improving the eff ective-
ness of intensive care measures in children with 
CHDs and hemodynamics of the functionally sin-
gle ventricle [24].

AIM OF THE STUDY
To demonstrate the possibilities of extended 

NIRS monitoring of kidney tissue oxygenation in 
order to determine further tactics for the manage-
ment of newborns with congenital heart disease.

PATIENTS AND METHODS
Three clinical cases of the use of prolonged 

non-invasive monitoring of renal oxygenation in 
young children with congenital heart defects ac-
companied by systemic hypoperfusion in the pe-
rioperative period are presented.

The sensor for assessing regional renal oxyge-
nation was placed according to the recommenda-
tions of M.W. Harer et al. (2020): below the costal 
arch and above the iliac crest, with the tip of the 
sensor located lateral to the spine and the reading 
end of the sensor wrapped around the lateral sur-
face (Fig. 1) [27].

Clinical case № 1
Newborn boy, 1 month of life. Diagnosis: con-

genital heart disease, critical aortic valve steno-
sis. Atrial septal defect. Patent ductus arterio-
sus. Ductus-dependent systemic circulation. The 
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mother's medical history is unremarkable. 2nd 
term birth at 41  weeks and 1  day. The diagnosis 
was confi rmed by echocardiography (EchoCG) 
and multislice computed tomography (MSCT). 
On the 7th day of life, open aortic commissuroto-
my and planar resection of the leafl ets were per-
formed under artifi cial circulation. In the postop-
erative period, there was a dependence on high 
positive end-expiratory pressure (PEEP) in the 
range of 7–8  mm H2O. When trying to reduce 
parameters — clinical and radiological picture of 
pulmonary edema, inotropic support, intolerance 
to enteral nutrition due to the persistent clinical 
picture of intestinal paresis, the need for constant 
stimulation of diuresis with high doses of loop di-
uretics, and the development of chyloperitoneum 
were observed. An chocardiography revealed mi-
tral valve insuffi  ciency of grade II–III. Despite con-
servative therapy, these manifestations persisted. 
According to the assessment of organ blood fl ow 
using Doppler ultrasonography against the back-
ground of analgosedation, minimal reverse was 
noted in the renal arteries and vertebrobasilar 
arteries (VBA), which did not correspond to the 
existing clinical picture. In order to assess the sig-
nifi cance of mitral regurgitation and the accom-
panying hypoperfusion of the abdominal organs 
and kidneys over the time, continuous extended 
NIRS monitoring of renal blood fl ow was initiated.

According to the monitoring results, signifi -
cant hypoperfusion was revealed — average sat-
uration values according to monitoring data were 
53–55 % lower than transcutaneous pulse oxi-
metry values, average values were 43–47 %, with 
regular episodes of desaturation up to 25–28 % 
upon awakening and activation of the patient. 
Based on the totality of clinical and instrumen-
tal data, a decision was made to perform a repeat 
surgical intervention. At the age of 1.5 months of 
life, the mitral valve replacement was performed 
with a mechanical prosthesis "Carbomedix" with 
a diameter of 16 mm, revision of the aortic valve, 
planar resection of the aortic valve leafl ets under 
conditions of cardiopulmonary bypass (CPB) and 
cardioplegia (CP). The early postoperative peri-
od was unremarkable. The ionotropic support 
was stopped on the 2nd day after surgery. On the 
10th day of the perioperative period, the patient 
was extubated, transferred to non-invasive arti-
fi cial ventilation, and against the background of 
regression of intestinal paresis, enteral nutrition 
was started with a gradual expansion to the full 
age requirement within three weeks. On the 20th 

day, the respiratory support was stopped. The 
chylo peritoneum regressed on the 5th day after 
surgery. In the demonstrated case, the NIRS mo-
nitoring made it possible to confi rm the presence 
of hypoperfusion in real time and make a decision 
on the need for repeated surgery.

Clinical case № 2
Boy B., 7  months old. Basic diagnosis: 

Congenital heart disease: hypoplastic left heart 
syndrome (mitral valve atresia, left ventricular 
hypoplasia, aortic valve atresia, aortic arch hypo-
plasia). The defect was diagnosed prenatally. On 
the 6th day of life, a modifi ed Norwood operation 
(right ventricle — pulmonary artery) with a valve-
contai ning bicuspidal alloconduit, atroiseptosto-
my under conditions of artifi cial circulation, an-
tegrade cerebral perfusion and cardioplegia was 
performed. The course of the postoperative period 
was smooth and corresponded to the nature, vo-
lume and timing of the surgical intervention per-
formed. At 1.5 months he was discharged home, 
the next stage of cardiac surgery was planned. At 
5.5  months, a thrombosis of the alloconduit de-
veloped with severe myocardial ischemia, acute 
decompensation of chronic heart failure, a throm-
bolytic therapy was carried out with a positive 
eff ect. At 6 months, the Glenn's surgery was per-
formed. In the early postoperative period, sinus 

Fig. 1.  Neonatal renal NIRS sensor location
Рис. 1.  Расположение неонатального почечного датчика 
NIRS



Children’s Medicine of the North-West
2024/ Vol. 12 № 1

118 ORIGINAL PAPERS

ISSN 2221-2582

tachycardia up to 160–170 beats per minute and a 
persistent increase in pressure in the cavapulmo-
nary anastomosis (15–18 mm Hg) were notewor-
thy. An EchoCG revealed signs of dilatation of the 
right atrium against the background of regurgita-
tion on the tricuspid valve of II–III degree. Despite 
the full conservative therapy, the child had a pro-
gressive clinical picture of retrograde pulmonary 
edema against the background of regurgitation 
on the tricuspid (systemic) valve and hypoperfu-
sion of the abdominal organs, which was mani-
fested by intolerance to ente ral nutrition, severe 
dependence on high doses of loop diuretics to 
maintain an adequate pace diuresis. In order to 
assess the signifi cance of regurgitation on the 
systemic valve and the accompanying hypoper-
fusion of the abdominal organs and kidneys over 
time, continuous extended NIRS monitoring of re-
nal blood fl ow was initiated. Based on the moni-
toring results, the signifi cant hypoperfusion was 
identifi ed  — ave rage saturation values according 
to monito ring data were 43–45 % lo wer than those 
according to transcutaneous pulse oximetry, av-
erage values were 33–37 %, with regular episodes 
of desaturation up to 23–26 % upon awakening 
and activation of the patient. Based on the totali-
ty of clinical and instrumental data, a decision was 
made to perform endovascular surgical interven-
tion: a probing of the heart chambers, cardiac ven-
triculography, angiography of the great vessels. 
According to the results of the study, return angi-
opulmonograms show contrasting of the left atri-
um, contrasting of the pulmonary veins that fl ow 
into the left atrium is noted; the ventriculogram 
reveals regurgitation on the tricuspid valve of II–
III degree, dilatation of the right atrium; Qp/Qs — 
0.57/1. Based on the data obtained, a decision was 
made to replace the system valve. In this situation, 
in addition to the cli nical picture and echocardiog-
raphy data, confi rmation of organ hypoperfusion 
using extended NIRS monitoring made it possible 
to make a decision to conduct an invasive study to 
determine further surgical tactics.

Clinical case № 3
Newborn boy, two days of life. Main diagno-

sis: Q23.4  Hypoplastic left heart syndrome (mi-
tral valve hypoplasia, left ventricular hypoplasia, 
aortic valve hypoplasia, aortic arch hypoplasia). 
Fibroelastosis of the left ventricle. Coarctation of 
the aorta. Patent ductus arteriosus. Atrial septal 
defect. Ductus-dependent coronary and systemic 
circulation.

The pregnancy proceeded against the back-
ground of mild anemia, gestosis in the fi rst half 
of pregnancy with hospitalization at 10/11 weeks. 
According to an ultrasound examination at 
23/24  weeks of gestation, the congenital heart 
disease was detected: hypoplastic left heart syn-
drome. Micromelia? 1st urgent birth by emergen-
cy cesarean section due to severe preeclampsia at 
39 weeks of gestation.

The child's condition at birth is satisfacto-
ry. Upon admission, the umbilical cord vein was 
catheterized and alprostan infusion was started. 
Noteworthy, there was moderate anemia, hemo-
globin (145  g/l), probably caused by fetoplacen-
tal transfusion. At the end of the fi rst day of life, 
a persistent high SpO2  was noted for this variant 
of the hemodynamics of the defect, which was in 
the range of 96–97 %. According to the acid-base 
state, there was an increase in metabolic acidosis: 
BE = –9.5  mmol/l, HCO3 = 17.8  mmol/l, a decrease 
in the rate of diuresis to 0.8  ml/kg per hour was 
clinically noted. Clinical and laboratory data could 
indicate an imbalance of systemic and pulmonary 
blood fl ow, which is typical for patients with hypo-
plastic left heart syndrome, however, as a rule, its 
clinical manifestations occur on the 3rd–4th day of 
life, which is due to a decrease in pressure in the 
pulmonary circulation . To assess the adequacy of 
organ perfusion, the bedside NIRS monitoring of 
renal blood fl ow was initiated. According to the 
monitoring results, the absence of hypoperfusion 
was revealed  — saturation according to monito-
ring data was 3–5 % lower than the values accor-
ding to transcutaneous pulse oximetry, average 
values were 87–90 %, without episodes of signifi -
cant desaturation. Based on the monitoring data, 
it was concluded that there was no imbalance in 
the pulmonary and systemic blood fl ow, hypoper-
fusion of the abdominal organs and kidneys, which 
was later confi rmed by Doppler study. Taking into 
account the child’s age and clinical and laboratory 
data, the red blood cell transfusion was performed 
according to individual selection. Against the back-
ground of correction of anemia, normalization of 
acid-base status indicators and a decrease in lac-
tate levels to normal values were noted. Thanks 
to NIRS monitoring data, it was possible to refrain 
from early transfer to mechanical ventilation and 
sedation in order to limit pulmonary blood fl ow.

DISCUSSION
Adequate renal perfusion and oxygenation are 

critical to the outcome of critically ill neonates. At 
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the same time, in the routine practice of neonatal 
intensive care units, there are not enough diag-
nostic tools to assess the eff ectiveness of tissue 
oxygenation and blood fl ow, which, in turn, does 
not allow for the earliest and most reasonable 
therapeutic interventions aimed at preventing or 
reducing the degree of tissue damage.

In the presented clinical cases, the indicators 
of extended NIRS monitoring of organ blood fl ow 
correlated with the results of other instrumen-
tal studies. However, it should be noted that al-
though the NIRS is a promising technology for 
monitoring organ blood fl ow in newborns and 
young children with congenital heart disease in 
the Intensive Care Unit, currently the number of 
multicenter randomized studies to determine 
the normative data of splanchnic oxygenation in 
young children, including in patients with hemo-
dynamics of the same ventricle, very little.

G. Greisen et al. summarized the challen-
ges of using tissue oximetry in an article discus-
sing the prospect of introducing cerebral oxi-
metry: “On the one hand, cerebral oximetry has 
the potential to become inexpensive because it 
is based on technology that can be mass-pro-
duced. Convincing evidence of benefit to pa-
tients will create a large market. On the other 
hand, what happens if the clinical application of 
cerebral oximetry is not developed in a rational, 
evidence-based format? This could then become 
another expensive technology applied random-
ly. Cerebral oximetry will be supported by anec-
dotal evidence, expert opi nion, and aggressive 
branding and marketing. Consequences include 
unnecessary disruption and risks to a very vul-
nerable patient population and a drain on health 
care resources" [28].

One of the factors facilitating the widespread 
introduction of renal blood fl ow assessment by 
NIRS into clinical practice and the interpretation 
of the data obtained is the theoretical model of 
normal oxygenation of renal tissue in premature 
newborns during the fi rst month of life (Fig. 2), 
proposed by M.W. Harer et al. (2020) based on 
publications by other authors, which refl ects indi-
cators of oxygen saturation of kidney tissue in the 
absence of pathology [29, 30].

CONCLUSION
The non-invasive real-time bedside monitoring 

of tissue oxygenation is a highly eff ective method 
for diagnosing disorders of organ perfusion and 
oxygenation and should be more widely used in 

neonatal intensive care units, especially in new-
borns with congenital heart disease.
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Abstract. The article presents the dynamics of microbiome development in a child hospitalized for a long time 
in the intensive care unit of a tertiary perinatal center. The species composition of the patient’s microbiome did 
not meet the age norms. The risk factors that led to the disruption of microbiome formation were prolonged 
hospitalization in the NICU, short duration of breastfeeding, artifi cial nutrition with formulas based on deeply 
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microorganisms led to an increase in the proportion of pathogens, development of nosocomial diseases.
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Резюме. В статье приводится динамика развития микробиома у ребенка, длительное время госпитализи-
рованного в отделение реанимации и интенсивной терапии перинатального центра третьего уровня. Ви-
довой состав микробиома пациента не соответствовал возрастным нормам. К факторам риска, приведшим 
к нарушению формирования микробиома, относят длительную госпитализацию в отделение интенсивной 
терапии, короткую продолжительность грудного вскармливания, искусственное питание формулами на 
основе глубоко гидролизованного белка коровьего молока, массивную антибактериальную терапию. Сни-
жение биоразнообразия непатогенных микроорганизмов привело к увеличению доли патогенов, разви-
тию нозокомиальных заболеваний.
Ключевые слова: формирование микробиома; дети; пациент отделения реанимации; 16s рРНК.
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INTRODUCTION
Despite the presence of evidence of intrauter-

ine development of the fetal microbiome, active 
colonization of microfl ora in children begins du-
ring the process of vaginal delivery (in utero) and 
continues after the birth of the child [1–4]. The 
microfl ora of parents, the environment and medi-
cal workers is of leading importance [5–12]. The 
method of delivery has an important role in the 
development of the microbiome: during natu-
ral delivery, representatives of the mother’s va-
ginal microbiome (Lactobacillus, Bifi dobacterium 
and Bacteroides) predominate, while during to-
motocia, representatives of the skin microbiota 
(Staphylococcus, Klebsiella spp., Enterococcus spp. 
and Clostridium spp.) predominate [13–19].

The breast milk is of great importance in the 
development of gut microbiota, promoting the 
growth of Lactobacillus spp. and Bifi dobacterium 
spp. [20–22]. In the fi rst days after birth, the child’s 
body begins to be colonized by representatives 
of Enterobacteriaceae, and then strict anaerobes: 
Bifi dobacterium, Clostridium and Bacteroides [23–
27]. Bifi dobacterium are an essential component 
of a child’s normal microfl ora; their develop-
ment especially promoted by breastfeeding [28, 
29]. The number of Bacteroides increases rapid-
ly during the fi rst 2–4  weeks of life [29]. During 
the weaning period, with the introduction of 
solid food, the abundance of Bifi dobacteriaceae 
decreases, and Bacteroides, Ruminococcus and 
Clostridium predominate [30–32]. The microbi-
ome of a child in the fi rst few months of life cha-
racterized by a poor diversity of microorga nisms 
[33]. It undergoes the greatest development 
with the introduction of complementary foods 
containing polysaccharides, which leads to the 
appearance of Lachnospiracea, Clostridiaceae 
and Ruminococcaceae and a sharp decrease in 
Bifi dobacterium [3, 18, 34].

A disruption of the stages of development of 
the child’s microfl ora in general and the intestines 
in particular can lead to the development of com-
plications in various organs and systems [28, 35–
39], and can also aff ect the prognosis [15, 40–42]. 
Children hospitalized in intensive care units from 
birth are susceptible to microbiome developmen-
tal disorders, which must be taken into account 
when providing medical care [43–51].

In order to demonstrate the detailed dynamics 
of changes in the microbiome of a child who was 
in the intensive care unit for a long time, we pres-
ent our own observation.

CLINICAL CASE
A clinical case of a 10-month-old child, who 

was hospitalized from birth and was in the inten-
sive care unit of a third-level perinatal center, was 
presented. The diagnosis is:

• Main disease: Non-epileptic paroxysms. Peri-
natal mixed damage to the central nervous 
system (CNS), early recovery period.

• Complications of the underlying disease: 
Movement disorder syndrome. Hyperkinetic 
syndrome. Bulbar syndrome. Delayed psycho-
motor development. Compensated biven-
tricular occlusive hydrocephalus, a condition 
after ventriculoperitoneal shunting on the 
right.

• Concomitant diseases: Congenital malforma-
tion of the central nervous system  — spina 
bifi da, spinal hernia of the sacral spine, condi-
tion after plastic surgery. Microsurgical plastic 
surgery of myelomeningoradiculocele (rachis-
chisis) of the sacral spine using local tissues. 
Arnold–Chiari syndrome type II. External ven-
tricular drainage on the right under stereotac-
tic ultrasound navigation. Distal paraparesis 
without dysfunction of the pelvic organs.

• Complications: Carrier of tracheostomy, gas-
trostomy. Stomach bleeding (3  episodes). 
Ato pic dermatitis.

Anamnesis vitae. A child from the fourth 
pregnancy, which occurred against the  of gesto-
sis of the fi rst half. The mother, 29 years old, was 
observed in the antenatal clinic from 21/22 weeks. 
During an examination of the mother at 
27/28  weeks, positive IgG to rubella was detect-
ed (she had not previously had rubella, she was 
vaccinated). According to an ultrasound exam-
ination of the fetus at 36/37  weeks of gestation, 
a conge nital malformation of the central nervous 
system of the fetus was diagnosed — spina bifi da, 
occlusive hydrocephalus, Arnold-Chiari syndrome 
type II. In the area of the sacral region, a spinal de-
fect with a hernial protrusion was visualized; the 
dimensions of the hernial sac were 27 × 10  mm, 
the diameter of the defect was 41 mm. During an 
ultrasound examination of the fetal head, the la-
teral ventricles are dilated to 23 mm, the anterior 
horns  — to 24  mm. The cerebellum is displaced 
caudally.

Previous pregnancies ended in the birth of 
healthy children (2014, 2016, 2017). This birth was 
urgent at the 38th week by caesarean section in 
the lower segment of the uterus in a specialized 
perinatal center. The amniotic fl uid was light.
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Objective status at birth. At birth, the child’s 
body weight was 3280  g, body length was 53  cm, 
head circumference was 36 cm, chest circumference 
was 34 cm. The Apgar score in the fi rst minute was 
7 points, in the fi fth minute — 8 points. The child’s 
condition at birth was assessed as severe due to 
the underlying disease—identifi ed combined mal-
formations of the central nervous system. At birth, 
a cry of medium strength, short-lived, against the 
background of tactile stimulation and sanitation 
of the upper respiratory tract. The head is round in 
shape. The large fontanel 1.0 × 1.0 cm, normotonic; 
the small fontanelle 0.3 × 0.3 cm, sutures at the junc-
tion. A spontaneous motor activity is symmetrically 
reduced. A muscle tone is symmetrical and semi-
fl exor. The skin is bright pink, clean, acrocyanosis. 
The telangiectasia on the forehead. Visible mucous 
membranes are pink, moist, clean. Heart sounds 
are clear, rhythmic, no noise is heard, heart rate is 
152 beats per minute. The breathing is symmetrical, 
weakened, vesicular, without wheezing, respiratory 
rate — 54 per minute, transcutaneous blood oxygen 
saturation — 97 %. The abdomen is soft, not swol-
len, accessible to palpation. The liver protrudes from 
under the lower edge of the costal arch by 1.5 cm, 
the edge is smooth, elastic, the spleen is not palpa-
ble. The genitals are formed according to the male 
type, the testicles are lowered into the scrotum. No 
abdominal or femoral hernias were detected. Didn't 
urinate, anus closed. The meconium did not pass. 
In the lumbosacral region, there was a violation of 
the integrity of the skin and a hernial protrusion of 
myelomeningoradiculocele (rachischisis) measuring 
5.5 × 7.0 cm with the fl ow of cerebrospinal fl uid.

On the fi rst day of life, an emergency surgical 
intervention was performed involving microsur-
gical plastic surgery of the myelomeningoradic-
ulocele of the sacral spine using local tissues. The 
early postoperative period was uneventful. Due 
to increasing ventriculomegaly, on the 6th day of 
life, a diagnostic and unloading ventricular punc-
ture was performed (cerebrospinal fl uid without 
pathology). On the 8th day of life, due to increas-
ing ventriculomegaly, emergency surgery was per-
formed using external ventricular drainage on the 
right under stereotactic ultrasound navigation. The 
early postoperative period was without any fea-
tures, respiratory support for two days using inva-
sive artifi cial ventilation, analgosedation was con-
tinued, after that there was a planned transfer to 
spontaneous breathing, without any features, then 
wi thout the need for respiratory support. During 
postoperative observation of the patient, no sei-

zures or focal neurological symptoms were noted. 
The child was hemodynamically stable, did not re-
quire inotropic support. Enteral nutrition with ex-
pressed breast milk and physiological formula for 
children from birth with expansion up to 70 ml, ab-
sorbed. Due to an improvement in his condition, 
at the age of 11 days, the child was transferred to 
a specialized department, where the observation, 
treatment, nutrition were carried out with a gradu-
al increase in the volume of enteral feeding.

From the 22nd day of life, a deterioration in the 
child’s condition was noted in the form of the ap-
pearance and increase in the dynamics of bulbar 
disorders, hypersalivation, and an increase in res-
piratory failure; the child was transferred to the 
intensive care unit (ICU). Against the background 
of the child's anxiety, hyperdrainage was noted, 
against which background the development of 
general cerebral neurological symptoms was ob-
served, migration of the drainage into the brain 
parenchyma was detected, and therefore the 
drainage was tightened under ultrasound naviga-
tion. According to control blood tests, an increase 
in laboratory infl ammatory activity was noted (an 
increase in C-reactive protein to 33  mg/L), and 
therefore a control study of the cerebrospinal fl u-
id was carried out  — cytosis was detected up to 
627 thirds. According to a bacteriological examina-
tion of blood and feces, carried out routinely as part 
of bacteriological control, E. coli was detected, and 
therefore antibacterial therapy was started based 
on sensitivity with control of bacterial cultures.

On the 23rd day of life, there was a decrease 
in saturation to 48 %, bradycardia with a heart 
rate of up to 58 beats per minute, severe pallor 
of the skin, with diffuse cyanosis, focal neurolo-
gical symptoms and dysphagia persisted. In this 
regard, an enteral nutrition was canceled, and 
the child was transferred to total parenteral nu-
trition.

At the age of 1  month, surgical intervention 
was performed to remove the external ventricular 
drainage on the right and implantation of the ex-
ternal ventricular drainage on the right.

On the 45th day of life, a repeated decrease in sat-
uration to 45–60 % was revealed during sleep, which 
was repeated several times; restoration of con-
sciousness occurred after tactile stimulation. Due to 
persistent dysphagia, enteral nutrition was adminis-
tered through a nasogastric tube and was complete-
ly absorbed. Similar episodes of desaturation due to 
apnea were observed on the 56th day. In this regard, 
the patient was transferred to invasive artifi cial lung 
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ventilation (ALV) through an endotracheal tube, and 
anticonvulsant therapy was prescribed.

From the age of three months, given the deve-
loped atopic dermatitis, the patient was switched 
to formulas based on deeply hydrolyzed cow's 
milk protein.

Taking into account dysphagia and prolonged 
insertion of the tube, the boy was installed with 
a percutaneous endoscopic gastrostomy at 
4,5 months age.

During the therapy, the child’s condition re-
mained severe due to respiratory failure of the I–II 
degree against the background of aspiration pneu-
monia, neurological symptoms: bulbar syndrome, 
paroxysmal nonepileptic seizures with desaturation 
and autonomic disorders, a syndrome of motor dis-
orders, fl accid distal paraparesis without dysfunc-
tion of the pelvic organs, hyperkinetic syndrome.

Attempts at extubation and transfer to sponta-
neous breathing were unsuccessful, and therefore at 
5,5 months age a tracheostomy was performed and 
mechanical breathing was continued. During obser-
vation, cough and swallowing refl exes were absent.

At 5,5, 6,5 and 7,5 months of age, episodes of 
gastrointestinal bleeding were recorded against 
the background of erosive esophagitis, superfi cial 
widespread gastritis and duodenal bulb ulcer.

The planned change of the tracheostomy can-
nula was carried out at 6,5  months age, and the 
gastrostomy tube — at 8 months age.

Results of changes in the patient's microbiome
The patient in the ICU during hospitalization pe-

riodically collected biological material (urine, feces, 
venous blood, tracheostomy discharge, gastric con-
tents, swabs from the oropharynx and nasal cavity). 
At the age of 8,5 months, 16S rRNA sequencing of 
saliva, gastrostomy fl uid and feces was performed. 
All isolated bacteria were identifi ed by genus and 
species. 20  species of microorganisms have been 
identifi ed, which are grouped into 3 bacterial phy-
la, 2 classes, 4 orders, 13 families and 15 genera.

When sequencing biological media, 3  bacte-
rial phyla were identifi ed: Firmicutes (represen-
ted by Clostridium spp., Blautia spp., Lactobacillus 
spp., Enterococcus spp., Veillonella spp., etc.), 
Proteobacteria (represented by the family 
Enterobacteriaceae), Bacteroidota (represented 
by Elizabethkingia meningoseptica). The domi-
nant number of microorganisms contains the or-
der Proteobacteria (65 %), Firmicutes (32 %) and 
Bacteroidota (3 %). Sequencing analysis of nu-
merous phyla Proteobacteria showed the pres-

ence of Enterobacter (41,068607), Enterococcus 
(31,280665) in large numbers.

The cultivation of the contents of the oral cav-
ity showed the presence of Streptococcus viridans, 
Serratia marcescens, Pseudomonas aeruginosa, 
Enterococcus faecalis. At the same time, an in-
crease in the species diversity of pathogenic mi-
crofl ora in the oral cavity was noted (Table 1).

When sequencing a saliva sample, 300  OTUs 
were identifi ed, which, in accordance with modern 
prokaryotic nomenclature, are divided into 8 bac-
terial phylum, 10 classes, 18 families, 22 genera and 
27 species bacteria. The most pathogenic microor-
ganisms isolated by sequencing from the oral ca-
vity are Haemophilus infl uenzae, which may contri-
bute to the development of aspiration pneumonia.

The cultivation of the contents of the oral ca-
vity showed the presence of Streptococcus viri-
dans, Serratia marcescens, Pseudomonas aerugi-
nosa, Enterococcus faecalis. At the same time, an 
increase in the species diversity of pathogenic mi-
crofl ora in the oral cavity was noted (Table 1).

When sequencing a saliva sample, 300  OTUs 
were identifi ed, which, in accordance with modern 
prokaryotic nomenclature, are divided into 8 bac-
terial phylum, 10 classes, 18 families, 22 genera and 
27 species bacteria. The most pathogenic microor-
ganisms isolated by sequencing from the oral cav-
ity are Haemophilus infl uenzae, which may contrib-
ute to the development of aspiration pneumonia.

Features of development gastrostomy microbiome
When sequencing a gastrostomy sample, 

300 OTUs were identifi ed, which, according to the 
modern nomenclature of prokaryotes, are divided 
into 7 bacterial phyla, 9 classes, 25 families, 38 gene-
ra and 34 species of bacteria. The equencing of gas-
trostomy fl uid revealed 6 diff erent phyla of bacte-
ria and 1 unidentifi ed phylum (Table 2, Fig. 1).

Table 1.  Summary of oral microfl ora data by culture 
and culturing method

Таблица 1.  Суммарные данные микрофлоры рото-
вой полости культуральным методом и методом 
культивирования

Microorganisms
Oropharyngeal culture data

7 months 8,5 months

Streptococcus viridans 2 3

Serratia marcescens 0 2

Pseudomonas aeruginosa 0 2

Enterococcus faecalis 1 0
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Table 2. Type diversity of the gastrostomy microbiome according to sequencing data

Таблица 2. Типовое разнообразие микробиома гастростомы по данным секвенирования

Мicroorganisms Phylum Ratio, %

Proteobacteria 76,88726 77

Cyanobacteria 21,001 21

Firmicutes 1,474338 1

Bacteroidota 0,515464 1

Fusobacteriota 0,077597 0

Actinobacteriota 0,033256 0

Unclassifi ed 0,011085 0

Fig. 1.  Diversity of genera of the gastrostomy microbiome ( %)
Рис. 1.  Разнообразие родов микробиома гастростомы (%)

Table 3. Comparative composition of Genus 16S rRNA from stools

Таблица 3.  Сравнительный состав Genus 16S rRNA из стула

Мicroorganisms Class Ratio, % Мicroorganisms Class Ratio, %

Acinetobacter 0,04158 Kluyvera 0,00832 0

Anaerococcus 3,60915 4 Morganella 4,92308 5

Atlantibacter 0,01247 0 Pseudocitrobacter 0,02495 0

Cedecea 0,00832 0 Raoultella 0,56549 1

Citrobacter 2,75676 3 Serratia 0,59044 1

Enterobacter 41,0686 41 Shimwellia 0,19543 0

Enterococcus 31,2807 31 Siccibacter 0,00832 0

Escherichia/Shigella 5,40125 5 Streptococcus 0,01663 0

Klebsiella 2,17048 2 Unclassifi ed 7,31809 7

Features of the development of the gut microbiome
The stool study was carried out using the cul-

ture method and the 16S rRNA method. The use of 
the cultural method for stool analysis showed the 
presence of 6  types of microorganisms: Candida 

sp., Escherichia coli, Citrobacter sp., Enterobacter 
sp., Morganella morganii, Klebsiella pneumoniae, 
Klebsiella oxytoca, Enterococcus sp. Microorganisms 
did not have a clear pattern of appearance in the 
stool throughout the patient’s entire stay in the ICU.
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When sequencing a stool sample, 274  OTUs 
were identifi ed, which, according to the modern 
nomenclature of prokaryotes, are divided into 
2 bacterial phyla, 4 classes, 19 genera and 17 spe-
cies of bacteria (Table 3). The Biodiversity Index is 
1,3118. Butyrate- and propionate-producing bac-
teria are practically absent in the feces of a child.

A comparison of two methods of stool analysis 
showed the presence of 7 identical genera of bac-
teria that had pathological activity (Fig. 2).

A generic comparison of microorganisms 
identifi ed by stool sequencing revealed a signi-
fi cant predominance of Enterobacter (46 %) and 
Enterococcus (35 %). A large number of pathoge-
nic strains associated with the provision of medical 
care were identifi ed: 6 % — Morganella morganii, 

3 % — Citrobacter sp., 2 % — Klebsiella pneumo-
niae and 2 %  — Klebsiella oxytoca. Based on the 
data obtained, it can be assumed that these mi-
croorganisms contributed to the development of 
nosocomial infection (Table 4).

A comparative analysis of biological media ob-
tained by sequencing showed that Firmicutes are 
present in three media, but the largest number of 
them is observed in the contents of gastrostomy 
tubes (48.69559) and stool samples (37.75468). 
The Proteobacteria occurs across the three envi-
ronments, being the most abundant phylum. The 
largest number of phyla of microorganisms was 
isolated from the oral cavity.

In addition to 16S rRNA and cultivation, data 
from laboratory studies over time was analyzed. 

Fig. 2.  Ratio of bacterial genera represented in fecal matter by 16S rRNA data
Рис. 2.  Соотношение родов бактерий, представленных в каловых массах по данным 16S rRNA

Table 4.  Comparative composition of Phylum 16S rRNA from oral cavity, gastrostomy and stools

Таблица 4.  Сравнительный состав Phylum 16S rRNA из ротовой полости, гастростомы и стула

Phylum Oral cavity Contents of the gastrostomy Stool microbiome

Firmicutes 48,69559 1,474338 37,75468

Proteobacteria 40,86186 76,887263 62,24532

Bacteroidota 7,979071 0,515464 0

Fusobacteriota 2,201875 0,077597 0

Patescibacteria 0,181673 0 0

Actinobacteriota 0,029068 0,033256 0

Unclassifi ed 0,029068 0,011085 0

Campilobacterota 0,021801 0 0

Cyanobacteria 0 21,000998 0
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Throughout the entire period of treatment in the 
ICU, the patient observed a decrease in the con-
centration of total bilirubin, increased C-reactive 
protein in a biochemical blood test, eosinophilia 
and leukocytosis in a clinical analysis, which indi-
cated the course of an infl ammatory reaction.

Based on the dynamics of the increase in 
C-reactive protein, a positive procalcitonin test 
and the results of bacteriological studies, the pa-
tient was given antimicrobial therapy. The thera-
py with 10 antibacterial drugs selected according 
to sensitivity to specifi c pathogenic microorga-
nisms was carried out during 8 months (Fig. 3).

DISCUSSION
Studies of diff erent authors give an idea that the 

amount of Proteobacteria depends on the type of 
nutrition of the child: higher levels of phyla con-
tent are observed in children who are breastfed. It 
is also emphasized that, depending on nutrition, 
there is a diff erent ratio of bacterial genera. Thus, 
with artifi cial feeding there is a predominance of 
Clostridium diffi  cile, Bacteroides spp., Prevotella spp. 
and Lactobacillus spp. [1, 3, 29].

The smallest phylum isolated from the pa-
tient is Bacteroidota (3 %), represented by 
Elizabethkingia meningoseptica. This species was 
isolated by cultivating bacteria from the contents 
of a gastrostomy tube. Considering the patho-
genic properties of the microorganism, when it 
was isolated, treatment was carried out with an-
tibacterial drugs of the reserve group (cefopera-
zone and sulbactam), against which positive dy-
namics were noted.

A detailed assessment of the bacterial phy-
lum of the oral microbiome revealed 49 % of 

unclassifi ed microorganisms; among the classi-
fi ed ones, 49 % belonged to Firmicutes, 41 % to 
Proteobacteria, 8 % to Bacteroidota (Fig. 1). Among 
the genera, the dominant ones were Streptococcus 
(29,55454), Neisseria (19,758738) and Haemophilus 
(18,828574). When examining the contents of the 
gastrostomy tube, microorganisms of 38  gene-
ra of bacteria were identifi ed, the predominant 
of which were bacteria of the genus Acetobacter 
(23,14599) and Serratia (15,69117), which indi-
cates the development of nosocomial infection. 
This fact is confi rmed by other microorganisms 
present in the sequencing results: the genera 
Acinetobacter (2,228134), Neisseria (0,737169), 
Pseudomonas (1,657244).

In the species composition, Lactobacillus 
(0,825851) was identifi ed in small quantities. They 
have immunomodulatory and anti-infl ammatory 
eff ects and are involved in glucose metabolism 
[3]. Breastfed babies have a large number of bac-
teria. The patient was, fi rstly, artifi cially fed with 
formulas based on deep hydrolysis of cow's milk 
protein, and, secondly, received massive antibac-
terial therapy.

It was found that normal microfl ora predo-
minated in the feces, represented by Enterobacter 
(41,0686), Enterococcus (31, 2807). However, 
patho genic Escherichia/Shigella species (5,40125) 
have been observed, which should not normally 
be present in infants. Based on this, we can as-
sume the development of pathogenetic process-
es in the child’s gastrointestinal tract [33].

It was noted that the microbiota of the studied 
child does not diff er in a large variety of microor-
ganisms, as evidenced by the results of 16S rRNA 
sequencing.

Fig. 3.  Sensitivity of microorganisms to antibiotics
Рис. 3.  Чувствительность микроорганизмов к антибактериальным препаратам
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CONCLUSION
The composition of the microbiome of a child 

hospitalized for a long time in the ICU does not 
correspond to age standards. Long stays in the 
ICU, short duration of breastfeeding and the tran-
sition to artifi cial nutrition with formulas based 
on deeply hydrolyzed protein led to poor micro-
biological diversity of the intestinal tube. The 
long-term massive antibacterial therapy with 
broad-spectrum drugs led to a decrease in the 
biodiversity index of microorganisms and a de-
crease in the number of bacterial colonies produ-
cing short-chain fatty acids.

Thus, the method of birth, type of nutrition, and 
use of antimicrobial drugs have a signifi cant impact 
on the formation of the child’s normal microfl ora.
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Abstract. Distal renal tubular acidosis with deafness (OMIM 267300) is a rare disease characterized by severe 
metabolic acidosis due to impaired excretion of hydrogen ions in the distal nephron. Violation of physical and 
psychomotor development, deformation of limbs, electrolyte disturbances without proper and timely treatment 
can lead to disability at a very early age. The article describes a clinical case that refl ects the complexity and 
insidiousness of diagnosing distal renal tubular acidosis in a child of the fi rst year of life.
Key words: distal renal tubular acidosis; children; tubulopathy; sensorineural hearing loss.
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Резюме. Дистальный ренальный тубулярный ацидоз с глухотой (OMIM 267300) — это редкое заболе-
вание, характеризующееся тяжелым метаболическим ацидозом вследствие нарушения экскреции во-
дородных ионов в дистальном отделе нефрона. Нарушение физического и психомоторного развития, 
деформация конечностей, электролитные нарушения без должного и своевременного лечения могут 
приводить к инвалидизации уже в самом раннем возрасте. В статье описан клинический случай, отра-
жающий сложность и коварность диагностики дистального ренального тубулярного ацидоза у ребенка 
первого года жизни.
Ключевые слова: дистальный ренальный тубулярный ацидоз; дети; тубулопатия; нейросенсорная 
тугоухость.
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Distal renal tubular acidosis (DRTA) is a hete-
rogeneous group of genetic diseases characte-
rized by impaired urinary acidifi cation, leading to 
severe metabolic hyperchloremic acidosis with 
elevated urinary pH, hypokalemia, hypercalciuria 
and nephrocalcinosis [1–3]. Clinical features in-
clude delayed height and weight, rickets, nephro-
calcinosis, polyuria, polydipsia and the possible 
development of chronic renal failure in patients 
not receiving therapy [4–7].

There are primary and secondary causes of 
the development of distal renal tubular acidosis. 
Primary diseases include genetically determined 
pathology of transport systems with an autoso-
mal dominant or autosomal recessive type of in-
heritance.

• Autosomal dominant, mutation of the SLC4A1 
gene (chromosome 17q21-22), disruption of 
the structure of chloride-bicarbonate anti-
porter-1 (AE-1 — anion exchager 1) of the ba-
solateral membrane of the cortical collecting 
ducts.

• Autosomal recessive with hearing loss, mu-
tation of the ATP6V1B1  gene (chromosome 
2p13), disruption of the structure of the 
B1  subunit of the hydrogen ATPase of inter-
calary cells of population A of the apical mem-
brane of the cortical collecting ducts.

• Autosomal recessive without hearing loss, 
mutation of the ATP6V0A4  gene (chromo-
some 7q33-34), encoding the alpha-4 subunit 
of the hydrogen ATPase of intercalary cells of 
population A of the apical membrane of the 
cortical collecting ducts [1, 2, 4].

Autosomal recessive forms of distal renal tu-
bular acidosis are rare diseases with unknown 
prevalence in the population [7]. The presence or 
absence of hearing impairment is the main phe-
notypic criterion to narrow the genetic search to 
confi rm the diagnosis. Causal mutations in the 
ATP6V1B1 gene are classically associated with ear-
ly-onset sensorineural hearing loss, but cases of tu-
bular acidosis with early-onset deafness have also 
been described in patients with ATP6V0A4  gene 
mutations. Along with familial forms of the dis-
ease, sporadic cases are also found.

Secondary (acquired) forms of distal RTA are de-
scribed in many pathological conditions caused by 
disorders of calcium metabolism with nephrocal-
cinosis and hypercalciuria, primary hyperparathy-
roidism, drug and toxic damage, other renal diseas-
es, including medullary cystic disease and sponge 
kidney, autoimmune diseases (hypergammaglo-

bulinemia, Sjogren's syndrome, autoimmune he-
patitis, thyroiditis, fi brosing alveolitis, systemic lu-
pus erythematosus, periarteritis nodosa).

The violation of ammonium excretion in all 
cases is secondary. A bicarbonate reabsorption is 
quantitatively normal, but, consistent with the in-
crease in urine pH, a certain degree of bicarbona-
turia is necessarily present. In severe chronic me-
tabolic acidosis, the neutralization of hydrogen 
ions occurs due to bone carbonate, which cau ses 
the release of calcium from the bone into the ex-
tracellular fl uid, which leads to disruption of its 
normal structure and a variety of bone deformi-
ties. A citrate excretion in the proximal tubule is 
reduced, which is the basis for the formation of 
nephrocalcinosis.

CLINICAL PICTURE OF DISTAL RENAL 
TUBULAR ACIDOSIS

The disease more often manifests between 
the age of six months and two years. Usually the 
DRTA is characterized by nonspecifi c symptoms: 
delayed weight and height, rachitic-like skeletal 
changes, muscle hypotonia, polyuria, polydipsia.

LABORATORY AND INSTRUMENTAL 
METHODS FOR DIAGNOSIS OF DISTAL RENAL 
TUBULAR ACIDOSIS

Blood acid-base state. One of the main criteria 
for laboratory diagnosis is the identifi cation of 
metabolic acidosis, due to a decrease in standard 
bicarbonate (HCO3–) in plasma < 15 mmol/l.

Urine analysis. The most characteristic is an al-
kaline reaction of urine (pH > 6.0); a decrease in 
the excretion of citrate and ammonium is also 
possible [3].

Biochemical blood test. Changes in blood che-
mistry for DRTA are nonspecifi c, but increases in 
alkaline phosphatase, parathyroid hormone, re-
nin, and aldosterone levels may occur.

Genetic research. For the distal renal tubular aci-
dosis, an autosomal dominant type of inheritance 
with a mutation in the SLC4A1 gene (chromosome 
17q21-22), as well as autosomal recessive types 
with a mutation in the ATP6V1B1 (chromosome 
2p13) and ATP6V0A4  genes (chromosome 7q33-
34) are possible.

Ultrasound. The distal renal tubular acidosis is 
characterized by echo signs of nephrocalcinosis 
(“hyperechoic pyramid syndrome”) according to 
the results of ultrasound of the kidneys, as well as 
urolithiasis (the composition of urinary stones is 
calcium phosphate) [1, 2].
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In order to assess the severity of rachitic chang-
es in the skeleton, it is recommended to conduct 
X-ray of the hands, determine bone age, den-
sitometry, and X-ray of the tubular bones of the 
legs including the knee joints.

DIFFERENTIAL DIAGNOSTICS
Genetically determined forms of distal RTA 

(type I) must be diff erentiated from proximal RTA 
(type II), including those in the de Tony-Debre-
Fanconi composition syndrome, pseudohypoal-
dosteronism, primary hyperoxaluria and some 
other variants of nephrocalcinosis.

TREATMENT OF DISTAL RENAL TUBULAR 
ACIDOSIS

According to clinical recommendations [1, 2], 
treatment of RTA II in children consists of using a 
4 % sodium bicarbonate solution or a citrate solu-
tion at a dose of 10–15 mmol/kg per day in several 
doses to compensate for metabolic acidosis.

Since untimely diagnosis of the disease signi-
fi cantly worsens the quality of life of patients, and 
in some cases can cause death, the team of au-
thors considers it necessary to pay the attention 
of colleagues to the presence of such a pathology 
as distal renal tubular acidosis, and presents a de-
scription of a clinical case.

CLINICAL CASE DESCRIPTION
Patient V., 4 months old, was admitted for the 

fi rst time as planned to the nephrology depart-
ment of St. Petersburg State Budgetary Healthcare 
Institution Children's City Hospital № 2 of St. Mary 
Magdalene.

Anamnesis morbi. A screening ultrasound of 
the urinary system at 2  months revealed echo 
signs of nephrocalcinosis (“hyperechoic pyramid 
syndrome”). At 4  months bilateral sensorineural 
hearing loss was detected: degree III on the right, 
degree IV on the left.

Anamnesis vitae. A child from the third preg-
nancy, third birth. Labor at 39 weeks, Apgar score 
8/9. Body weight at birth was 3560 g, body length 
was 53  cm. The mother suff ered a new corona-
virus infection (COVID-19) and received a course 
of nasal glucocorticosteroids at the 8th week of 
pregnancy. Heredity, according to the mother, is 
not burdened. The elder children (boy — 8 years 
old, girl — 4 years old) are healthy.

Objective examination data upon admission to 
the hospital. The body length was 62  cm, body 
weight was 5500 g. The condition is satisfactory. 

A psychomotor development corresponds to age. 
The skin is naturally colored and clean. There was 
insuffi  ciently of subcutaneous fat layer. A hypoto-
nia of the lower extremities is noted. Heart sounds 
are clear and rhythmic. In the lungs, breathing is 
puerile, carried out in all sections. There was no 
wheezing. The abdomen is moderately swollen, 
accessible to deep palpation. The liver is + 1,5 cm 
from under the edge of the costal arch. The spleen 
is not palpable. The stool is mushy, 3–4  times a 
day, without pathological impurities. The urina-
tion is freely into the diaper.

Data from laboratory and instrumental exami-
nation methods.

The clinical blood test is in the age norm. No 
evidence of mineral metabolism disorders was 
identifi ed (blood electrolytes are normal; urine 
calcium/creatinine, phosphorus/creatinine ra-
tios are within normal limits). A general urine test 
revealed an alkaline reaction, without changes 
in urinary sediment. No disturbances in the ac-
id-base status (ABS) of the blood were detec ted. 
The hormonal profi le showed a decrease in the 
level of parathyroid hormone to 9,63 pg/ml, an in-
crease in the level of renin ( > 500.00 μIU/ml, refe-
rence values for renin for children under 1 year of 
age have not been established) and an increase in 
the level of aldosterone to 935,3 pg/ml , without 
clinical manifestations. The thyroid status, 17-OH-
progesterone is normal. A nitrogen excretion 
function of the kidneys is satisfactory. A blood 
pressure is within target values.

An ultrasound of the urinary system showed 
echo signs of “hyperechoic pyramid syndrome”, 
without negative dynamics.

The child was consulted by an endocrinologist; 
no evidence of endocrinological pathology was 
found at the time of examination. Then he con-
sulted by a geneticist: taking into account bila-
teral sensorineural hearing loss, blood was drawn 
to study the mutation in the GJB2 gene and blood 
amino acids — in work at the time of discharge.

The child was discharged with the main diag-
nosis; nephrocalcinosis, and concomitant: bilater-
al sensorineural hearing loss — degree III on the 
right, degree IV on the left. The dynamic observa-
tion and control examination after 3 months were 
recommended.

A repeated hospitalization in August 2022. 
At the time of hospitalization, the child was 
10 months old. The llow weight and height gains 
were observed over time. The hearing replace-
ment was performed at 6 months.
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Fig. 1.  Patient growth chart from birth to 22$months
Рис. 1. График динамики роста пациента от рождения до 22 месяцев

Fig. 2.  The ratio of the patient’s body length and body weight from birth to 22$months
Рис. 2.  Соотношение длины тела и массы тела пациента от рождения до 22 месяцев

Since July 2022, a polydipsia and polyuria have 
been noted. During control studies, the level of 
adrenocorticotropic hormone (ACTH) and aldos-
terone remained elevated. According to repeated 
monitoring, no electrolyte disturbances were de-
tected. In urine tests over time, a persistent shift in 
urine pH towards the alkaline side is noted. When 

monitoring blood pressure, episodes of blood 
pressure increases up to 110/60  mmHg were re-
corded. According to the results of a genetic ex-
amination (from January 2022), disorders of ami-
no acid metabolism were excluded, mutations in 
the GJB2 gene were excluded. Hearing correction 
was performed in 6 months age.
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Table 1. Laboratory indicators of the patient over time

Таблица 1. Лабораторные показатели больного в динамике

Кислотно-основное состояние капиллярной крови /
Acid-base state of capillary blood

01.2022 08.2022 12.2022 03.2023 06.2023
pH 7,45 7,30 7,43 7,46 7,43

Напряжение CO2, мм рт.ст. / CO2 tension, mmHg 46,6 21,5 32,4 33,3 34,6

Напряжение О2, мм рт.ст. / O2 tension, mmHg 65 84 78 77 69

Лактат / Lactate – 2,43 – – –

Гематокрит, % / Hematocrit, % 39 33,0 33,0 – 36,0

Концентрация Nа+, ммоль/л / Na+ concentration, mmol/l 138 132 138 139 137

Концентрация К+, ммоль/л / K+ concentration, mmol/l 4,5 3,0 3,8 4,5 4,6

HCO3
–, ммоль/л / HCO3

–, mmol/l 32,4 10,5 21,6 23,7 23,1

cBase (B), ммоль/л / cBase (B), mmol/l 4 –14,0 –2,0 0 –1

ctCO2 (B), ммоль/л / ctCO2 (B),  mmol/l 34 11,0 23,0 25,0 24,0

sO2, % 93 95,0 96,0 96,0 94,0

Общий анализ мочи / General urine analysis

Кислотность / Acidity
Щелоч-

ная / 
Alkaline

Щелоч-
ная / 

Alkaline

Нейтраль-
ная / Neutral

Слабоще-
лочная / 
Slightly 
alkaline

Нейтраль-
ная / 

Neutral

Удельный вес / Specifi c gravity 1025 1020 1018 1020 1015

Белок / Protein 0 0 0 0 0

Глюкоза / Glucose 0 0 0 0 0

Эпителий плоский / Flat Epithelium 2–3 0–1 1–2 2–3 1–2

Лейкоциты / Leukocytes 5–7 2–3 3–5 2–3 0–1

Биохимический анализ крови / Biochemical blood test
Ренин,  мкМЕ/мл / Renin, μIU/ml >500,00 >500,00 84 28

Альдостерон, пг/мл / Aldosterone, pg/ml 953,3 158,5 147,5

Паратгормон, пг/мл / Parathyroid hormone, pg/ml 9,63 24,41 26,8

Общий белок, г/л / Total protein, g/l 72 67 66 62 67

Альбумин, г/л / Albumin, g/l 53 46 43 42 45

Мочевина, ммоль/л / Urea, mmol/l 4,8 4,5 7,0 6,7 3,9

Глюкоза, ммоль/л / Glucose, mmol/l 6,2 4,9 4,6 4,8 3,8

Мочевая кислота, ммоль/л / Uric acid, mmol/l 200 157 165 183 248

Креатинин, мкмоль/л / Creatinine, μmol/l 29 27 25 27 30

Кальций общий, ммоль/л / Total calcium, mmol/l 2,.74 2,58 2,72 2,44 2,67

Фосфор, ммоль/л / Phosphorus, mmol/l 2.00 1.24 2,53 1.89 1.53

Железо, мкмоль/л / Iron, μmol/l 13.9 7.0 8,6 36 18.8

Ферритин, мкг/л / Ferritin, μg/l 56 54 12 6,3

Калий, ммоль/л / Potassium, mmol/l 4.50 3.7 3.8 4,6 4.9

Натрий, ммоль/л / Sodium, mmol/l 135 132 138 137 139

Хлор, ммоль/л / Chlorine, mmol/l 107 107 109 106 108

Аспартатаминотрансфераза, Ед/л / 
Aspartate aminotransferase, U/l

36 40 24 28

Аланинаминотрансфераза, Ед/л / 
Alanine aminotransferase, U/l

24 13 15 20

Витамин D, 25-гидрокси (кальциферол), нг/мл / Vita-
min D, 25-hydroxy (calciferol), ng/ml

31,32

17-гидроксипрогестерон (17-ОПГ), нг/мл / 17-hy-
droxyprogesterone (17-OPG), ng/ml

0,85
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Objective examination data upon admission to 
the hospital. The height was 68 cm and weight was 
6,1 kg (dynamics of physical development are pre-
sented in Fig. 1, 2). There is a delay in psychomotor 
development within two months (assessed using 
the Griffi  ths scale). The condition is satisfactory. 
The skin is naturally colored, dry, and there is a de-
crease in skin turgor. The subcutaneous fat layer 
is not suffi  ciently expressed in the abdomen and 
thighs. Muscular hypotonia (hypotonia of the lo-
wer extremities, “frog belly”) is noted. Heart sounds 
are clear and rhythmic. SS at the top. In the lungs, 
breathing is puerile, carried out in all sections. No 
wheezing was detected. The abdomen is mode-
rately swollen, accessible to deep palpation. The 
liver is at the edge of the costal arch. The spleen is 
not palpable. The stool is mushy, 1–2 times a day, 
without pathological impurities. The urination is 
freely into the diaper.

Data from laboratory and instrumental exami-
nation methods.

The clinical blood test is within the age norm. 
In the urine analysis, a shift in the pH of urine to 
the alkaline side. The urine Ca/Cr ratio is hypercal-
ciuria. The urine P/Cr ratio is normal. Blood ABS is 
metabolic acidosis (data are presented in Table 1). 
Biochemical blood test shows hypokalemia. Kidney 
function is satisfactory. The level of cortisol, aldo-
sterone, parathyroid hormone, ACTH is normal. A 
thyroid status — subclinical hypothyroidism. When 
monitoring hydrobalance, polydipsia is noted up 
to 1800 ml/day, polyuria up to 1900 ml/day. An ul-
trasound of the urinary system shows echo signs of 
“hyperechoic pyramid syndrome”, without negative 
dynamics. Taking into account clinical and labo-
ratory data (low height and weight gain, bilateral 
sensorineural hearing loss, nephrocalcinosis, persis-
tent shift in urine pH to the alkaline side, metabo-
lic acidosis, polydipsia, polyuria, hypercalciuria, hy-
pokalemia), the diagnosis was interpreted as distal 
renal tubular acidosis with hearing loss. An exome 
sequencing has been carried out — in progress. In 
therapy, a citrate solution (blemaren at the rate of 
5 mmol/kg per day for citrate), ACE inhibitor therapy 
(Enap 2,5 mg/day), against this background, in the 
2nd week there was a normalization of ABS, blood 
electrolytes, a decrease in the volume of consumed 
and excreted liquids.

The third hospitalization was in October 2022, 
against the background of therapy with a citrate 
solution. The positive dynamics in weight and 
height indicators were noted, the data are pre-
sented in Fig. 1, 2.

The laboratory data at the time of hospitaliza-
tion: capillary blood ABS, ionogram, biochem-
ical and clinical blood tests were within the ref-
erence values (the results of laboratory data are 
presen ted in Table 1). A general urinalysis re-
veals a slightly alkaline urine reaction. Based on 
the results of exome sequencing, a heterozygous 
ATP6V1B1  mutation was identifi ed, which con-
fi rms the previously made clinical diagnosis.

Readmissions in December 2022, March and 
July 2023. During each of the hospitalizations, 
compensation of metabolic acidosis was noted 
(laboratory data are presented in Table 1) and the 
absence of clinical manifestations, satisfactory 
weight and height indicators (Fig. 1, 2).

CONCLUSION
The diagnosis of tubulopathy, including renal 

tubular acidosis, is a rather diffi  cult task for a pedia-
trician and nephrologist, since in practice it is quite 
diffi  cult to establish the type of disease, the de-
scribed clinical case proves this. Thus, taking into 
account clinical and instrumental data, including 
general signs of distal renal acidosis and the pres-
ence of nephrocalcinosis and sensorineural hea-
ring loss in the boy, the clinical diagnosis of DRTA 
was confi rmed genetically (heterozygous variant 
ATP6V1B1). A timely treatment started and lea ded 
to compensation of metabolic acidosis with use 
of citrate solution, and timely hearing aids for the 
patient made it possible to prevent retardation of 
physical and psychomotor development.
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INTRODUCTION
Timely diagnosis of congenital metabolic dis-

orders in a newborn child remains a topical issue 
of pediatrics [1].

Galactosaemia is a hereditary disorder of car-
bohydrate metabolism that occurs as a result of 
mutation of genes encoding enzymes that are 
involved in galactose metabolism. As a result of 
these disorders, an excess of galactose and its me-
tabolites (galactose-1-phosphate and galactitol) 
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Резюме. Галактоземия — наследственное нарушение обмена углеводов, возникающее в результате му-
тации генов, кодирующих ферменты, которые участвуют в обмене галактозы. При поздней диагностике и 
отсутствии патогенетически обоснованной диетотерапии заболевание может привести к полиорганной 
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accumulates in the body, which determines the 
clinical picture of the disease and the formation of 
delayed complications.

The type of inheritance of galactosaemia is auto-
somal recessive. The incidence of the disease in the 
Russian Federation is 1:20 000, with the vast major-
ity of cases of the disease caused by mutations in 
the GALT gene (classical galactosaemia type I).

The main carbohydrate component of breast 
milk and infant formula is lactose, a disaccharide 
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consisting of two monosaccharides, galactose 
and glucose. Despite the great similarity between 
the molecules of glucose and galactose, the con-
version of the latter into glucose requires several 
enzymatic reactions [2].

Galactosaemia combines several genetically 
heterogeneous forms. The disease is based on the 
defi ciency of one of the three enzymes involved 
in galactose metabolism: galactose-1-phos-
phate uridyltransferase (GALT), galactokinase 
(GALK) or uridine diphosphate (UDP)-galactose-
4-epimerase (GALE). The abnormality of one of 
these enzymes is genetically caused by mutations 
in the genes encoding the protein structure of 
the enzyme molecule, leading to the synthesis of 
a defective enzyme and a signifi cant decrease in 
its activity. As a result, the normal metabolism of 
galactose is blocked and a large number of to xic 
substances are formed (galactonate, galactitol, 
galactose-1-phosphate, etc.), which, along with 
galactose, accumulate in the blood and provoke 
the development of  severe lesions of internal or-
gans (liver, brain, kidneys), manifested by poly-
morphism of implictations [3–5].

Galactose is essential for the growth and de-
velopment of the child's body. This monosaccha-
ride is not only a source of energy for the cell, but 
also plays an important role as prebiotic, serving 
as a necessary plastic material for the formation 
of glycoproteins, glycolipids and other complex 
compounds used by the body to form cell mem-
branes, nerve tissue, nerve endings, myelination 
of neurons, etc. The main source of galactose in 
humans is food. The large amount of food con-
sumed during the day (primarily dairy) contains 
lactose, from which galactose is formed in the in-
testines as a result of hydrolysis [6].

There are three types of galactosaemia de-
pending on the patient’s defect of one of the three 
major enzymes involved in galactose metabolism:

• classical  — galactosaemia type I, caused by 
defi ciency of the GALT enzyme, includes the 
Duarte variant galactosaemia (decreased en-
zyme activity);

• galactosaemia type II — GALK defi ciency;
• galactosaemia type III — GALE defi ciency.
Classic galactosaemia manifests itself in the 

neonatal period during feeding with breast milk 
or infant formula. Manifestations of the disease 
may include abundant regurgitation, vomiting, 
diarrhea, lack of weight gain, lethargy, drowsi-
ness, and later — signs of malnutrition, stunting 
and retardation of psychomotor development. 

In the absence of timely diagnosis and pathoge-
netically justifi ed diet therapy, symptoms of li-
ver disease appear and increase, accompanied by 
hypoglycemia, jaundice, hepatosplenomegaly, 
and hemorrhagic syndrome. In the neonatal pe-
riod, patients with galactosaemia, due to the sup-
pression of protective immune reactions, have 
an increased risk of developing sepsis caused 
by Escherichia coli (E. coli), which often leads to 
death. The disease progresses rapidly and in the 
absence of treatment is life-threatening.

Neonatal screening is recommended for all 
newborns to identify inherited disorders of galac-
tose metabolism. Diagnostics is aimed at deter-
mining the concentration of total galactose in a 
dried blood spot; if the result is positive, the activi-
ty of the GALT enzyme and major mutations in the 
GALT gene are determined [4].

The main method of treating galactosaemia 
is diet therapy, which involves lifelong exclusion 
from the diet of products containing galactose and 
lactose. The patient should completely refrain from 
eating any kind of milk (female, cow, goat, infant 
formula, etc.) and all dairy products, as well as care-
fully avoid those products in which they can be 
added: bread, pastries, caramel, sweets, margarine, 
etc. The use of low lactose milk and infant formula 
is also prohibited. It should be taken into account 
that a number of products of plant origin contain 
oligosaccharides  — galactosides (legumes (peas, 
beans, lentils, mung beans, chickpeas), soybeans 
(but not soy protein isolate), spinach, cocoa, cho-
colate, nuts), and in products of animal origin  — 
glycoproteins (liver, kidneys, brains and other 
by-products), which under certain conditions can 
be split and be a source of galactose [3].

In the formulation of therapeutic diets for chil-
dren in the fi rst year of life with the disease, the 
amount of basic food ingredients and energy 
should be in accordance with age-specifi c physio-
logical standards. Breast milk and/or infant formu-
la should be replaced with lactose-free formulas 
adapted to their composition. To treat patients 
with galactosaemia, specialized infant formulas 
based on soy protein isolate (Bellakt Soya, Nutrilak 
Soya, Nutrilon Soya, Frisosoy) or extensively hy-
drolyzed whey are used — in case of allergy to soy 
protein. Formulas based on synthetic amino acids 
and lactose-free, casein-dominant infant formulas 
are also used. It is not recommended to use lac-
tose-free whey protein-dominant baby formulas 
with a predominance of whey proteins (60 % or 
more). These infant formulas may contain trace 
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amounts of galactose. Specialized infant formu-
las are introduced into the diet of patients with 
galactosaemia within one day, immediately after 
diagnosis. Patients are strictly recommended to 
introduce lactose-free complementary foods and 
a lifelong lactose-free diet.

It is not recommended for patients of any age 
to use medications containing lactose/galactose, 
as well as homeopathic remedies, tinctures and 
alcoholic drug forms. Thus, lactose is often used 
as an excipient in homeopathic medicines, and 
ethanol inhibits the elimination of galactose from 
the liver [3].

The outcome and course of the disease are in-
fl uenced by the timing of diagnosis, timely and 
adequately prescribed diet treatment and emer-
gency measures (transfusion of blood substitutes, 
infusion therapy). The prognosis of the disease 
is unfavorable in late-diagnosed severe forms of 
galactosemia (due to the lack of screening). With 
timely treatment, the prognosis for the life and 
development of patients is signifi cantly improved.

AIM OF THE STUDY
The aim is to examine the clinical manifesta-

tions and diff erential diagnosis of the disease us-
ing the example of a particular patient with galac-
tosaemia.

CLINICAL CASE
We present a case of observation of a patient 

with classical galactosaemia type I based on exa-
mination of a child, study of his medical history 
and outpatient card.

A 10-day-old girl with complaints of severe 
jaundice of the skin was admitted to the neo-
natal pathology department of the Republican 
Children's Clinical Hospital in Donetsk.

The child was born in the maternity hospital of 
Torez, Donetsk People's Republic. A child from the 
fourth pregnancy, fl owing on the background of 
colpitis, polyhydramnios, and gestational hyper-
tension. The mother suff ers from nicotine depen-
dence and continued to smoke during pregnan-
cy. At 11 weeks, she was examined at the medical 
genetic center — no pathology was found. Fetal 
ultrasound was performed 3 times — no patholo-
gy was detected. Previous pregnancies: fi rst preg-
nancy — normal delivery, second — miscarriage 
at 10 weeks, third — normal delivery. This delivery 
is the fourth, premature, at 36 weeks of dichorio-
nic diamniotic twins, by cesarean section due to 
the transverse baby position. The child was born 

as the second of twins with a weight of 2300  g, 
length — 47 cm. Apgar score was 7–8 points. The 
child Screamed immediately. She was bottle-fed 
with expressed mother's breast milk. On the 2nd 
day of life, skin and scleral icterus appeared: to-
tal bilirubin — 205 μmol/l due to the indirect bi-
lirubin. On the 9th day of life, total bilirubin was 
388 μmol/l, direct bilirubin was 67.6 μmol/l.

For the fi rst 9 days of life in the maternity hos-
pital, the child received phototherapy, ursodeo-
xycholic acid preparations, bifi dumbacterin, and 
vitamin D3 aqueous solution. There were no po-
sitive changes in the child's condition. On the 10th 
day of life, the child was transferred to the neo-
natal pathology department of the Republican 
Children's Clinical Hospital in Donetsk.

The general condition of the child on admis-
sion to the clinic is serious. There are symptoms 
of prematurity and immaturity. Newborn and spi-
nal cord refl exes are depressed, and oral refl exes 
are evoked. Muscle tone is dystonic, spontane-
ous motor activity is reduced. Anterior fontanelle 
3.0×4.0 cm, at the level of the skull bones. Natural 
feeding  — expressed breast milk. Visible mucous 
membranes and skin are icteric and clean. Tissue 
turgor and skin elasticity are reduced. The subcuta-
neous fat layer is thinned. Peripheral lymph nodes 
are not enlarged. Above the lungs, on percussion 
is a normal pulmonary sound, auscultation is pue-
rile respiration, wheezing is not heard. The bound-
aries of relative cardiac dullness are within the age 
norm. Heart sounds are muffl  ed, rhythmic, systolic 
murmur over the entire area of the heart. The ab-
domen is palpable, symmetrical, increased in vo-
lume. Peristalsis is active. The liver is palpated at 
4.0  cm below the costal margin. The kidneys and 
spleen are not palpable. The stool is mushy, yellow, 
mixed with mucus. Urine is dark yellow.

The child was examined in the department.
Complete blood count revealed mild ane-

mia, which persisted over time, and an increased 
erythrocyte sedimentation rate (ESR).

Biochemical blood test on admission showed 
hyperbilirubinemia (total bilirubin up to 
440  μmol/l, direct bilirubin  — 175  μmol/l), ele-
vated transaminase levels (aspartate aminotrans-
ferase (AST) — 109 U/l, alanine aminotransferase 
(ALT) — 67 U/l).

Coprocytogram: neutral fat + + , leukocytes — 
8–10 in the fi eld of view.

Stool, nasopharyngeal and umbilical wound 
culture  — pathogens and opportunistic patho-
gens not detected.
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Kidney ultrasound is normal.
Abdominal ultrasound: in the abdominal ca-

vity between the liver and diaphragm, along the 
round ligament of the liver, as well as between the 
spleen, stomach and intestines, along the fl anks, 
in the lesser pelvis free fl uid with fi brin threads 
and fi nely dispersed suspension is determined. 
The peristalsis in small intestine is sluggish. The 
wall of the small intestine on the visualized frag-
ment is thickened to 1.5 mm, there is liquid con-
tent in the lumen of the large intestine.

Neurosonography: echo signs of brain imma-
turity, hypoxic-ischemic brain injury; hemody-
namics are not changed.

Consultation of neurologist: mild hypoxic ische-
mic encephalopathy of the 1st degree. Cortical 
excitation.

Consultation of ophthalmologist: consultation: 
bilateral cataract.

Based on the clinical picture and additional 
exa mination data, the child was suspected of ha-
ving an intrauterine infection, hepatitis, entero-
colitis against the background of prematurity and 
immaturity.

Received treatment: feeding with the Belakt, 
then Nutrilon, antibiotic therapy (cefi pime, ami-
kacin), 10 % glucose solution, 0.9 % NaCl solution, 
aminoven solution, calcium gluconate, ursodeoxy-
cholic acid preparations, bifi dumbacterin.

During screening at the medical genetic center, 
an increase in galactose to 90 mg/dc was noted; 
during the repeat study on the 16th day, the ga-
lactose level remained elevated to 66.33  mg/dc. 
The child was consulted by a geneticist and galac-
tosaemia was diagnosed. Prescribed diet with the 
exclusion of galactose, lactose, and a transition to 
feeding an infant formula based on soy protein 
isolate.

It is recommended to dynamically examine the 
level of galactose, blood biochemistry test, and 
abdominal ultrasound.

During the telemedicine conference, the 
child was consulted at the National Medical 
Research Center for Obstetrics, Gynecology 
and Perinatology named after Academician 
V.I. Kulakov. Based on the presented data, a late 
preterm infant has a clinical picture of galacto-
saemia.

Based on genetic molecular testing, the child 
has two mutations of the GALT gene — type I ga-
lactosaemia was diagnosed.

Biochemical blood test: triglycerides  — 
0.87  mmol/l, cholesterol  — 3.69  mmol/l, alka-

line phosphatase — 461 U/l, albumin — 34.0 g/l, 
calcidiol  — 6.1  ng/ml, urea  — 4.4  mmol/l, glu-
cose — 2.9 mmol/l, protein — 60 g/l, creatinine — 
27 μmol/l, calcium — 2.31 mmol/l, potassium — 
4.3 mmol/l, sodium — 142 mmol/l.

Coagulogram: fi brinogen  — 2.08  g/l, pro-
thrombin time — 16.3 s, activated partial throm-
boplastin time (aPTT) — 30.4 s, thrombin time — 
14.9 s, international normalized ratio (INR) — 1.35.

During observation, against the background of 
pathogenetically justifi ed diet therapy and drug 
treatment, the child’s condition improved. There 
was a positive dynamics of body weight gain, the 
peritoneal eff usion and the icteric staining of the 
skin and sclera gradually disappeared. As a result 
of the treatment, motor activity was fully restored, 
the reaction to the examination was adequate, 
muscle tone in the extremities was normalized. 
There is puerile breathing in the lungs, the heart 
sounds are muffl  ed, rhythmic, the abdomen is soft 
and painless on palpation, the liver is + 2.5 cm be-
low the costal margin. The stool is mushy, yellow, 
the urine is light.

On abdominal ultrasound and Doppler ultra-
sound of the portal system in dynamics after a 
month of therapy: the parenchymal organs of the 
abdominal cavity are not changed; there are no 
signs of portal hypertension or hepatic vein ob-
struction.

In satisfactory condition, the child was dis-
charged for follow-up with a local pediatrician, 
neurologist, and geneticist. Parents were given 
recommendations on diet therapy, the introduc-
tion of complementary foods, vitamin D3  aque-
ous solution 4000  IU/day was prescribed for a 
course of 1 month with a transition to a prophy-
lactic dose of 1000 IU/day for a long time, ursode-
oxycholic acid preparations of 15 mg/kg per day 
were recommended.

CONCLUSION
Galactosaemia is a serious hereditary disease 

caused by metabolic disorders of galactose and, 
as a result, lactose intolerance. The disease man-
ifests itself in the fi rst days of life and can be ex-
tremely diffi  cult with the rapid development of 
multiple organ disorders. With the earliest possi-
ble diagnosis, timely initiation of pathogenetically 
justifi ed diet therapy and its strict adherence, the 
prognosis for the life and development of a child 
with classical galactosaemia is quite favorable. 
The presented clinical example points out the dif-
fi culties of diff erential diagnosis of galactosaemia 
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with intrauterine infection. Screening allowed us 
to diagnose galactosaemia in the child.
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Abstract. Wilkie’s syndrome or superior mesenteric artery (SMA) syndrome is a relatively rare condition due 
to abnormal branching of the SMA from the abdominal aorta due to the disappearance of adipose tissue that 
provides stability of the angle between the two major arterial vessels and, consequently, compression of the 
duodenum with subsequent impaired passage. The development of Wilkie’s syndrome, given the data of the 
literature and our own experience, is always secondary. The peculiarity of our clinical case of Wilkie’s syndrome in 
an adolescent girl is the child’s prolonged treatment for misdiagnosed Crohn’s disease of the colon, followed by 
the discovery of angiodysplasia and repeated surgical interventions, resulting in weight loss and, consequently, 
the development of syndrome or SMA.
Key words: Wilkie’s syndrome, superior mesenteric artery syndrome, intestinal angiomatosis, Crohn’s disease.
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INTRODUCTION
Compression of the inferior or horizontal part 

of the duodenum (DU) between the abdominal 
aorta and the superior mesenteric artery (SMA) 
as a cause of intestinal obstruction was fi rst de-
scribed by Karl von Rokitansky in 1861  in a post 
mortem case. The syndrome was later studied in 
detail and described by Wilkie in 1927 [1].

The syndrome has many names, the most fa-
mous of which are: Wilkie's syndrome, superior 
mesenteric artery (SMA) syndrome, cast syndrome 
and aorto-mesenteric compass syndrome. The 
disease is very rare with only 500 reported cases 
in the literature and an estimated prevalence of 
0.013 %-0.3 % according to the upper gastrointes-
tinal tract radiography [2, 3]. It is more common 
among the female than male gender at a ratio 
2:1  ratio, mainly between the second and fourth 
decades of life [3, 4].

Wilkie's syndrome is caused by compression of 
the third part of the duodenum between the aor-
ta and the superior mesenteric artery branching 
from it at an acute angle, which in turn, leads to du-
odenal obstruction. Normally, the angle between 
the SMA and the aorta ranges from 25 to 60°, but 
with this syndrome it is narrowed (from 6 to 25°). 
An acute aortomesenteric angle is formed due to 
congenital anomalies (high insertion of the lig-
ament of Treitz, low origin of the SMA from the 
abdominal aorta), signifi cant weight loss, lum-
bar hyperlordosis, restorative proctocolectomy 
with ileaoanal anastomosis and other conditions. 
That is, this syndrome can be caused by various 
reasons, ranging from congenital anomalies to a 
hypercatabolic state or malnutrition. As a result, 
there is a loss of perivascular and retroperitoneal 

fatty cushion, which leads to narrowing of the aor-
tomesenteric angle and subsequent compression 
of the duodenum [3]. However, 40.4 % of cases are 
idiopathic [5].

The duodenal compression can be partial or 
complete, acute or chronic, resulting in the ap-
pearance of completely nonspecifi c symptoms, 
the most pronounced of which are the following: 
postprandial abdominal pain (59 %), nausea (40 %), 
vomiting with sudden weight loss and electrolyte 
imbalance (50 %), early satiety (32 %) and anore xia 
(18 %). Symptoms are aggravated by lying supine 
after eating and are relieved by assuming the left 
lateral decubitus, prone or knee-chest position. In 
addition, symptoms can be masked under more 
common diseases such as peptic ulcer disease, 
biliary colic, pancreatitis, and mesenteric ische-
mia. During physical examination, an asthenic 
body habitus in this group of patients attracts at-
tention.

The diagnosis of Wilkie syndrome requires a 
high degree of clinical suspicion, supported by 
radiographic studies demonstrating compression 
of the third portion of the duodenum. Computed 
tomography (CT) scan of the abdomen with con-
trast, being the gold standard for diagnosing SMA 
syndrome, allows to reveal not only the acute an-
gle of the SMA from the aorta and the distance be-
tween the compressive vessels, but also the dila-
tion of the stomach and duodenum.

Questions about the method of treating 
Wilkie's syndrome still remain controversial in the 
world literature. In some cases, the disease re-
sponds to successful conservative in the form of 
adequate nutrition by enteral/parenteral feeding 
and proper positioning of the patient after feeds. 
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ва М.С. Синдром Уилки как осложнение ошибочно диагностированной болезни Крона // Children’s Medicine of the North-West. 2024. 
Т. 12. № 1. С. 148–155. DOI: https://doi.org/10.56871/CmN-W.2024.74.66.001
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Резюме. Синдром Уилки, или синдром верхней брыжеечной артерии (СВБА) — относительно редкое со-
стояние, обусловленное аномальным отхождением верхней брыжеечной артерии от брюшного отдела 
аорты из-за исчезновения жировой ткани, которая обеспечивает стабильность угла между двумя крупны-
ми артериальными сосудами, и, соответственно, сдавливанием двенадцатиперстной кишки с последую-
щим нарушением пассажа. Развитие синдрома Уилки, учитывая данные литературы и собственный опыт, 
всегда вторично. Особенностью нашего клинического случая синдрома Уилки у девочки-подростка явля-
ется длительная курация ребенка по поводу ошибочно диагностированной болезни Крона толстой киш-
ки, с последующими обнаружением ангиодисплазии и неоднократными оперативными вмешательствами, 
приведшими к потере веса и, как следствие, развитию СВБА. 
Ключевые слова: синдром Уилки; синдром верхне-брыжеечной артерии; ангиоматоз кишечника; болезнь 
Крона.
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Surgery is resorted to when conservative measures 
are ineff ective or in patients with a long history of 
progressive weight loss or pronounced duodenal 
dilatation with stasis and complications [6].

We present a clinical observation of a patient 
in whom the onset of SMA was caused by weight 
loss developed as a complication of surgical dis-
eases of the upper gastrointestinal tract, which 
required surgery in the form of duodenojejunos-
tomy.

CLINICAL OBSERVATION
A 16-year-old girl was admitted to the Filatov 

Children City Clinical Hospital with complaints 
of abdominal pain after eating, bloating, nausea, 
belching, episodes of vomiting, and lack of weight 
gain.

It is known from the anamnesis that she be-
came acutely ill at the age of eleven, when, due to 
an intestinal infection, abdominal pain, weakness, 
diarrhea, blood in stool appeared. After treatment, 
blood and mucus from the rectum persisted. Due 
to existing complaints, the girl was repeatedly exa-
mined and treated in pediatric gastroenterology 
departments with a diagnosis of Crohn's disease, 
where anti-infl ammatory therapy with Pentasa was 
carried out for a long time with a short-term eff ect; 
massive hormonal and cytostatic therapy had a 
negative eff ect. The discharge of blood and mu-
cus in the stool persisted. During the next aggra-
vation (bleeding), two years after the onset of the 
disease, a large rectal ulcer was found, which re-
quired laparoscopic Soave–Georgeson procedure, 
during which the rectum with the ulcerative defect 
was resected. In the postoperative period, anasto-
motic failure was noted and a retrorectal abscess 
occurred, which was relieved by drainage and 
antibiotic therapy. Three months later, the child 
underwent angiography (Fig. 1), which angiodys-
plasia of the distal colon, and therefore re-resec-
tion of the colon with pull-through procedure and 
ileo stomy was performed. The postoperative peri-
od was complicated by the failure of the coloanal 
anastomosis, the recurrence of intestinal bleeding. 
The child was rushed to the Istanbul clinic, where 
a rectovaginal fi stula and intestinal bleeding were 
detected. The repeated Soave pull-through proce-
dure and fi stulotomy were performed. However, a 
complication occurred again in the form of adhe-
sive intestinal obstruction, which was resolved sur-
gically. Two weeks after the operation, bright red 
blood appeared again from the rectum colonos-
copies and rectal biopsies were performed seve-

ral times (Fig. 2). No evidence of Crohn's disease or 
other infl ammatory bowel diseases was identifi ed; 
the resulting morphological picture was more con-
sistent with angiodysplasia of the colon.

Fig. 1. Angiography showing foci of hypervascularisation 
in the distal colon, rapid discharge on the veins (before 
contrasting V. portae)
Рис. 1. Ангиография, на которой видны очаги 
гиперваскуляризаци в дистальных отделах толстой кишки, 
быстрый сброс на вены (до контрастирования V. portae)

Fig. 2. Colonoscopy. Haemorrhagic content is detected in 
the lumen of the large intestine
Рис. 2. Колоноскопия. В просвете толстой кишки опре-
деляется геморрагическое содержимое
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Over the next two months, the girl was treated 
at the Filatov Children City Clinical Hospital with 
a diagnosis of angiodysplasia of the colon; multi-
ple ulcers of the colonic mucosa; chronic intestinal 
bleeding; posthemorrhagic anemia of I–II degree; 
ileostomy carrier; a follicular cyst of the right ovary. 
Operated: midline laparotomy, adhesiolysis, resec-
tion of the right ovarian cyst, colectomy. Ileorectal 
anastomosis, ileostomy. The postoperative period 
was diffi  cult. A year later, the child underwent ileo-
stomy closure. There were no complications. The 
wound healing is complete. The intestinal passage 
recovered in the fi rst 24 hours. Two months later, 
the girl was hospitalized again in an emergency 
with a diagnosis of chronic ulcerative proctitis, rec-
tovaginal fi stula, intestinal bleeding. During sig-
moidoscopy and vaginoscopy, a punctate fi stula 
was identifi ed in the vagina, communicating with 
the rectum in the area of the intestinal anastomo-
sis, and therefore relaparotomy, adhesiolysis, and 
the end ileostomy formation were performed. The 
postoperative period proceeded without compli-
cations, the intestinal passage was recovered on 
the fi rst postoperative (po) day.

Upon admission, the child’s condition was se-
vere due to the underlying disease. The girl has 
an asthenic body habitus, the skin is pale, dry in 
the limb area, the nails are layered, the tongue is 
covered with a white coating, the teeth are yellow 
with plaque. On the stoma  — liquid small intes-
tinal discharge. Body weight  — 36  kg, height  — 
163 cm. The child has severe malnutrition: BMI — 
13.5, average deviation from BMI — 3.69. Physical 
development is moderate, dysharmonious due to 
low body weight, the defi ciency of which corre-
sponds to the III degree of malnutrition.

Examined: an ultrasound examination of the 
abdominal organs (abdominal ultrasound) re-
vealed an expansion of the duodenum up to 
29 mm. The angle between the SMA and the aor-
ta was 10°, and the diameter of the intestine in 
the area of the aorto-mesenteric tweezers was 
2.5  mm. There were echo signs of adhesive dis-
ease, mild ascites and reactive changes in the 
pancreas. Esophagogastroscopy revealed gastro-
duodenitis and cardiac insuffi  ciency.

According to the results of upper gastrointes-
tinal tract radiography with barium suspension, 
there were the following changes (Fig. 3): the 
gastroesophageal refl ux grade II; the stomach is 
hook-shaped, elongated, the lower part is sac-like 
dilated, located below the pectinate line, peri-
stalsis is deep, spastic, during which the stomach 

takes the shape of an hourglass; dilatation of the 
lower horizontal branch of the duodenum up to 
40 mm, the presence of antiperistaltic waves in it,  
persistent duodenogastric refl ux.

After an examination by a council of doctors, a 
decision was made to correct protein-energy defi -
ciency fl uid and electrolyte imbalance. A course of 
parenteral nutrition was started under the cont-
rol of basic indicators of homeostasis. However, 
against the background of infusion therapy, aller-
gic reactions were observed in the form of a rash, 
breathing diffi  culty and tachycardia. Vomiting 
persisted during enteral load. The weight curve 
was without dynamics. Taking into account the 
above, it was decided to perform a surgical inter-
vention on vital indications.

An operation was performed  — the relapa-
rotomy; adhesiolysis, Roux-en-Y duodenojeju-
nostomy, enterostomy. The postoperative period 
proceeded without complications. Due to the se-
verity of the condition, the child was in the inten-
sive care unit (ICU) for 6 days, where she received 
partial parenteral nutrition — only protein. Upon 
administration of fat emulsions, the child deve-
loped a rash and itchy skin. Infusion, antibacterial, 
analgesic and symptomatic therapy were also car-
ried out. There was an increase in blood amylase 

Fig. 3. The duodenum is dilated, positive “double bubble” 
symptom, the stomach has an hourglass shape
Рис. 3. Нижняя горизонтальная ветвь ДПК расширена, 
положительный симптом «двойного пузыря», желудок 
имеет форму песочных часов
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levels to 174, which required proteolytic therapy 
with a positive eff ect. On the second postopera-
tive day, enteral feeding by enterostomy with a 
medical formula was started. On the same day, 
passage through the gastrointestinal (GI) tract 
was restored. On the fourth postoperative day, 
conservative therapy and feeding by enterostomy 
were continued, and at the same time, oral fee-
ding was started. When trying to increase the rate 
of enteral nutrition by enterostomy, an increase 
in losses through the ileostomy was noted, and 
therefore feeding by enterostomy was stopped. 
The child began to eat orally with a gradual in-
crease in the single volume of 80–100 ml. She di-
gested the food, there was no nausea or vomiting. 
She was discharged on the eighth postoperative 
day.

Three months after the operation, the child still 
had refl ux complaints (nausea, heartburn). When 
performing upper GI radiography with contrast, 
gastroesophageal refl ux (GER) persisted, which 
reached stage III, while the passage was satisfac-
tory, and during endoscopic examination there 
were phenomena of a catarrhal esophagitis in the 

lower third of the esophagus. And in endoscopic 
examination there were phenomena of a catarrhal 
esophagitis in the lower third of the esophagus. 
The child underwent Nissen fundoplication.

After 1.5  years, the child had no complaints. 
According to the tested upper gastrointestinal ra-
diography with contrast, the passage of barium 
from the stomach and duodenum was satisfacto-
ry, there was no gastroesophageal refl ux, and the 
stomach had normal shape and size (Fig. 4).

Over the course of 1.5  years, the girl gained 
7 kg, her weight was 43 kg. BMI — 16.2, z-score — 
2.14, which corresponds to stage II malnutrition.

In addition, the patient’s appetite and skin 
condition improved signifi cantly, and the normal 
menstrual cycle was restored.

DICSUSSION
Wilkie's syndrome is characterized by a nar-

rowing of the aortomesenteric angle (from 6  to 
25°), and the distance between the compressive 
vessels is less than 10  mm (can be reduced to 
2 mm), whereas normally it is from 10 to 28 mm 
[7, 8]. In a physiological state and in a straight po-
sition, the aorta-SMA angle ranges from 38 to 65° 
and is maintained by the presence of perivascular 
adipose tissue [8].

Etiological factors can be either congenital or 
acquired. Congenital causes include abnormally 
short or high insertion of the ligament of Treitz, 
dislocating the duodenum to a cranial position; 
(promoting the approach of the third part of the 
duodenum to the apex of the aortomesenteric an-
gle and its compression); a low branching of the 
SMA from the aorta or the presence of embryonic 
adhesions [9]. Acquired factors may be multi-etio-
logical. Potential causes include catabolic states 
such as tumors or burns, as well as diseases caus-
ing severe weight loss, such as anorexia nervosa 
or malabsorption syndrome. Severe trauma or le-
sions associated with prolonged bedtime rest like 
brain trauma or spinal cord have also been im-
plied. Finally, postoperative states such as spinal 
surgery (cast syndrome), esophagectomies, or ab-
dominal aorta aneurism repairs can also be in the 
genesis of this syndrome [9].

Regardless of the associated factors, a deple-
tion of the fatty cushion in the area of the aor-
to-mesenteric tweezers occurs, leading to the 
ana tomical changes, mentioned above.

In our case, the patient had a prolonged histo-
ry without the identifi cation of a specifi c trigger.  
She had no history of psychiatric disorders lea-

Fig. 4.  The duodenum is not dilated, evacuation of contrast 
agent from the duodenum to the underlying sections is 
satisfactory, the stomach has a normal shape and size
Рис. 4.  ДПК не расширена, эвакуация контрастного 
вещества из ДПК в нижележащие отделы удовлетворительная, 
желудок имеет обычную форму и размеры
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ding to weight loss, but had major past surgeries 
or conditions that resulted not only in severe mal-
nutrition but also lengthy bedtime rest.

Patients with SMA syndrome may present in 
the acute period, with chronic insidious symp-
tomatology or with an acute exacerbation of a 
chronic disease [10]. The acute form is usually less 
common and is characterized by signs and symp-
toms of intestinal obstruction, which quickly re-
solves with conservative therapy. As a rule, these 
patients experience a severe loss of body weight 
(within 1–2  months), and therefore have a posi-
tive response to the therapy. Chronic cases may 
pre sent with progressive, non-specifi c symptoms 
that may last for years. The most commonly re-
ported symptoms are  long-term abdominal pain, 
nausea, vomiting bile or food content, vague 
postprandial indisposition, early satiety, regurgi-
tation, food intolerance, and lack of weight gain 
or loss weight are the most commonly referred 
[9]. Persistent vomiting can also lead to dehy-
dration, severe hypovolemia, oliguria, electrolyte 
imbalances such as hypokalemia and metabo-
lic alkalosis, and ultimately the development of 
Mallory-Weiss syndrome [9]. Symptoms can ag-
gravate with meals and prone position and re-
lieved with the knee-elbow position or lateral left 
decubitus[1].

These symptoms may also mimic other dis-
eases such as pancreatitis, peptic ulcers, retrope-
ritoneal or duodenal tumors, eating disorders, or 
diseases characterized by slow peristalsis such as 
dermatomyositis or systemic lupus erythemato-
sus [5, 9]. On physical examination, the signs are 
usually unclear: the abdomen is soft, accessible to 
deep palpation, abdominal distension and high-
pitched bowel sounds are detected [8], which was 
not the case in our patient.

Due to the low specifi city of signs and symp-
toms, clinical diagnosis requires a high index of 
suspicion, especially in patients with postprandial 
pain, vomiting and severe weight loss [11]. Thus, 
diagnosis is made based not only on clinical evi-
dence but also on radiological fi ndings.

The diagnostic testing of any intestinal ob-
struction usually begins with a plain abdominal 
radiography with contrast. The upper gastroin-
testinal tract radiography with barium reveals 
such pathognomonic signs of SMA syndrome 
as dilatation of the lower horizontal branch of 
the duodenum; a clear cut line that demarks the 
obliteration of the duodenal lumen by the supe-
rior mesenteric artery; pendulum movement of 

contrast agent proximal to the obstruction; de-
lay of 4 to 6 hours in gastroduodenal transit time, 
with relief of the obstruction when the patient is 
placed in the knee-chest position, left lateral de-
cubitus, or with the Hayes maneuver [1, 8–10]. 
Fibroesophagogastroduodenoscopy (FEGDS) of 
the upper gastrointestinal tract is usually per-
formed to exclude an intrinsic mechanical bowel 
obstruction. The only symptom of SMA syndrome 
during endoscopy of the upper gastrointestinal 
tract is an extrinsic regular and sometimes pulsa-
tile compression of the duodenal wall in the tran-
sition in the middle and lower third. FEGDS does 
not have high diagnostic accuracy, specifi city and 
sensitivity and, and usually allows the detection of 
secondary infl ammatory changes, which gives a 
complex view of the disease, as well as on the ba-
sis of the identifi ed endoscopic changes allows to 
develop a set of measures for preoperative prepa-
ration and the postoperative period. However, 
abdominal multi-slice computed tomography 
(MSCT) scan with intravenous contrast is the gold 
standard of diagnosis [8], allowing to determine 
the aortomesenteric angle and the distance be-
tween the compressive vessels, extent of duo-
denal distension and exact point of obstruction, 
assess of the amount of retroperitoneal fat and 
exclude other frequent causes of intestinal ob-
struction (tumors, annular pancreas, aneurysms, 
etc.) [1, 4].

The purpose of the treatment is to interrupt 
the pathological cascade composed of weight 
loss, loss of retroperitoneal fat, narrowing of the 
aortomesenteric angle, external duodenal com-
pression. Most authors believe that patients with 
a short period of illness, mild symptoms and in-
complete duodenal obstruction should be of-
fered conservative medical treatment [1]. Such 
measures include insertion of a nasogastric tube 
for gastric decompression, correction of electro-
lyte disturbances, and provision of nutrition in 
the form of a high-calorie oral diet if tolerated, 
and parenteral nutrition if necessary. The diet can 
be supplemented with postural maneuvers and 
means that improve intestinal motility [10].

Surgical intervention is indicated in cases of 
conservative treatment failure, a prolonged dis-
ease with progressive weight loss, and recurrent 
upper gastrointestinal symptoms (at least once per 
week for more than six months). The presence of 
secondary complications such as peptic ulcers and 
pancreatitis due to biliary refl ux against the back-
ground of duodenal hypertension is also a reason 
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for choosing a surgical approach [1, 8–9]. To date, 
no period has been established during which it 
would be possible to determine the ineff ectiveness 
of drug treatment [10]. No time limit has yet been 
set to determine the medical treatment's ineff ec-
tiveness [10].  However, some studies report failure 
rates of 50–70 % [1]. The authors came to the con-
clusion that the severity of the existing symptoms 
and the presence of secondary complications can-
not be corrected in a timely manner using a con-
servative method, which signifi cantly worsens the 
patient’s quality of life. In such situations, surgical 
treatment is most appropriate. The operative op-
tions include Strong's procedure, gastrojejunosto-
my, and duodenojejunostomy [5]. Strong's proce-
dure is preferably used in the pediatric population 
and consists of lysing the ligament of Treitz allo-
wing for mobilization of the duodenum. Although 
the Strong's procedure is simpler and less invasive 
than alternatives (no anastomoses are required), it 
has a high failure rate of 25 % [10].

Gastrojejunostomy allows for gastric decom-
pression, but does not eliminate duodenal (DU) 
obstruction [4]. This method of surgical interven-
tion for chronic duodenal obstruction (CDO) is 
non-physiological and carries a large percentage 
of failures and complications: stomach peptic ul-
cers as a result of biliary refl ux, and recurrence of 
symptoms due to non-decompression of the duo-
denum, the development of blind loop syndrome, 
etc. [1, 10]. It is used extremely rarely, and, as a rule, 
in patients who have previously been repea tedly 
operated on for CDO, when traditional methods 
of surgical treatment were not successful.

Duodenojejunostomy was fi rst introduced by 
Starley in 1910 and over the years it is has become 
the most frequent treatment with a success rate of 
90 % [1, 12, 13]. The use of open and laparoscop-
ic approaches has been previously reported, with 
the latter having advantages such as shorter hos-
pital stay, less trauma and good cosmetic eff ect 
[5]. The fi rst laparoscopic duodenoneuneustomy 
was described in 1998  by Gersin and Heniford, 
who proved it to be a safe and reproducible tech-
nique [9]. As noted by Escaño et al. in their case se-
ries analysis, laparoscopic duodenojejunostomy is 
an eff ective minimally invasive treatment, with an 
acceptable rate of postoperative complications 
and favorable long-term results [6]. This is why it 
is considered the treatment of choice. In this case, 
the procedure was performed uneventfully, pro-
vided immediate symptomatic relief and signifi -
cantly improved the patient's quality of life.

CONCLUSION
Wilkie's syndrome poses a really challenging 

diagnostic task due to its rarity and non-speci-
fi c symptoms. A high index of suspicion in cases 
of severe weight loss and upper gastrointestinal 
symptoms is of utmost importance. Intravenous 
contrast-enhanced computed tomography is the 
gold standard for diagnosing SMA syndrome and 
should be performed in all patients with radiolo-
gical features of duodenal obstruction at the level 
of its lower horizontal branch. Early detection can 
not only avoid the syndrome-associated compli-
cations but also improve the prognosis, making 
conservative measures more likely to be eff ective. 
Surgical intervention should be considered in 
more severe, chronic cases or whenever medical 
treatment fails. Laparoscopic duodenojejunosto-
my has proven to be the best modality of choice 
warranting the best outcomes with a good safety 
profi le. If this group of patients has severe gastro-
esophageal refl ux grade III and esophagitis that 
are not amenable to conservative therapy, duo-
denojejunostomy must be supplemented with 
fundoplication.
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On March 14, 2024, research physician, Doctor of 
Medical Sciences, Professor Konstantin Albertovich 
Shapovalov celebrates his 70th birthday.

Konstantin Albertovich graduated from the 
medical faculty of Arkhangelsk State Medical 
Institute (ASMI) and completed his clinical resi-
dency at the Department of General Surgery in 
ASMI. He combined his studies with an outpatient 
pediatric surgery practice. Later on he worked as a 
surgeon and a board surgeon at the Arkhangelsk 
Clinical Regional Hospital. Simultaneously he 
worked at the Arkhangelsk State Pedagogical 
Institute at the department of "Foundations of 
Medical Knowledge and Protection of Children's 
Health" as a teacher of surgical diseases.

Studying in ASMI, Konstantin Albertovich was 
actively engaged in scientifi c circles of the de-
partments of topographic anatomy and operative 
surgery, social sciences, naval training and hos-
pital surgery since the second year. He prepared 
10 reports for student scientifi c conferences (5 in 
co-authorship). He continued scientifi c resear ches 
in clinical residency. He fulfi lled and successfully 
defended dissertations for the degrees of PhD 
and MD.

After moving to Syktyvkar town, Konstantin 
Albertovich was engaged in teaching and re-
search work, not breaking the connection with 
practical medicine. He worked at the Komi State 
Pedagogical Institute as a senior lecturer, associate 
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professor, head of the department "Foundations 
of Medical Knowledge and Protection of Children's 
Health". Simultaneously, he worked as a pediatric 
surgeon in Syktyvkar Children's Polyclinic No. 3.

In accordance with the decision of the Ministry 
of General and Professional Education of the 
Russian Federation from 28.01.1997 № 40-d 
Konstantin Albertovich Shapovalov was awarded 
the academic rank of associate professor in the de-
partment "Fundamentals of Medical Knowledge 
and Child Health Protection".

By the resolution of the Ministry of Education of 
the Russian Federation from 16.02.2000 № 52-p — 
he received the academic rank of professor in the 
department "Basics of medical knowledge and 
protection of children's health". 

Konstantin A. Shapovalov is the author of 520 
scientifi c and educational-methodical publica-
tions. The total volume of personal contribution 
is 422,96 conventional author's sheets, inclu-
ding 355 scientifi c (257,20) and 165 educatio nal-
methodical (165,76) works, including 10 mono-
graphs and 12 manuals. For the last 3 years 77 
works have been published. The total volume of 
personal contribution amounted to 38,71 con-
ventional author's sheets.

MD, Professor Konstantin A. Shapovalov is the 
scientifi c director of the project "Topical issues of 
outpatient, polyclinic and consultative pediatric 
medical care in the Komi Republic". The health 
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status of the contingent attached to Syktyvkar 
Children's Polyclinic No. 3 is studied on the basis 
of analysis and generalization of information on 
the contingents: 

• children with disabilities — identifi cation of 
disabilities in children and adolescents; rea-
sons that cause initial disability; terms of re-
exa mination for initial disability; diseases that 
caused the onset of disability; main health 
disorders; leading limitations of life activity; 
structure of rehabilitation measures; mor-
bidity; medical and rehabilitation mea sures; 
sanatorium and resort treatment; results of 
re-examination; individual rehabilitation pro-
gram for disabled children; monitoring of the 
quality of rehabilitation programs for children 
with disabilities.

• children with "14 nosologies" and orphan di-
seases included in the regional segment of 
the federal register;

and sections: 
• "lean outpatient clinic";
• standard of the workplace of a primary pedi-

atrician; 
• organization of medical support for the fulfi ll-

ment of the standards of the National Physical 
Culture and Sports Complex "Ready for Labor 
and Defense"; 

• pediatrics of catastrophes; 

• personnel work; 
• internal quality control of medical care.
Scientifi c work in a practical medical and pre-

ventive institution providing primary health care 
is an obligatory part of the certifi cation work of a 
doctor for awarding a qualifi cation category. Its 
analysis broadens the outlook of a practical doc-
tor, shows the place of departments in the results 
of treatment. The following scientifi c projects be-
come the platforms for discussion of abstracts of 
the obtained results of the Project section: 8th Eu-
ropaediatrics Congress jointly held with The 13th 
National Congress of Romanian Pediatrics Society, 
June 7–10, 2017, Palace of Parliament, Bucharest, 
Romania; XXI Congress of Pediatricians of Russia 
with international participation "Actual problems 
of pediatrics", February 15–17, 2019, Moscow, RF; 
9th Europaediatrics Congress, June 13–15, Dublin, 
Ireland; XXII Congress of Pediatricians of Russia 
with international participation "Actual problems 
of pediatrics", February 21–23, 2020, Moscow, 
Russia; IV National Congress with international 
participation "Healthy children — the future of 
the country", October 28, 2020, St. Petersburg, 
Russia; XXIII Congress of Pediatricians of Russia 
with international participation "Actual problems 
of pediatrics", March 5–7, 2021, Moscow, Russia; 
IX International Congress "ORGZDRAV-2021. 
Eff ective Management in Healthcare", May 25–27, 
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2021, Moscow, Russia; V National Congress with 
international participation "Healthy Children — 
the Future of the Country", May 26–28, 2021, St. 
Petersburg, Russia; XIX Congress of Pediatricians 
of Russia with international participation "Actual 
Problems of Pediatrics", March 5–7, 2022, Moscow, 
Russia; VI National Congress with international par-
ticipation "Healthy Children — the Future of the 
Country", June 1–2, 2022, St. Petersburg, Russia; 
XI International Congress "ORGZDRAV-2023. 
Eff ective Management in Healthcare", June 7–9, 
2023, Moscow, Russia; VII National Congress with 
international participation "Healthy Children — 
the Future of the Country", June 15–16, 2023, St. 
Petersburg, Russia.The results of the Project's re-
search have been published in such Russian scien-
tifi c and practical journals as: "Yakutsk Medical 
Journal"; "Medicine: Theory and Practice", "Russian 

Pediatric Journal", "Pediatric Bulletin of the South 
Urals", Children's Medicine of the North-West, 
Forcipe, "ORGZDRAV: News, Opinions, Training, 
"Vestnik VSHOUZ", as well as foreign scientif-
ic and practical journals: "Pediatrics. Eastern 
Europe"; Archives of Disease in Childhood; Journal 
of Advanced Pediatrics and Child Health; Open 
Journal of Pediatrics and Child Health; Journal of 
Pediatrics and Neonatal Medicine.

We warmly congratulate Konstantin Albertovich 
with his 70th birthday! We wish you further fruitful 
scientifi c work for the benefi t of children's health. 
Always remain a bright ray of knowledge, progress 
and prosperity. Let every new day give you a lot of 
positive emotions, inspiration for new aspirations 
and achievements. We wish you love of your rela-
tives, support of colleagues, respect of others and 
good luck in your destiny.
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ПРАВИЛА ДЛЯ АВТОРОВ

Условия настоящего Договора (далее «Дого-
вор») являются публичной офертой в соответствии с 
п. 2 ст. 437 Гражданского кодекса Российской Феде-
рации. Данный Договор определяет взаимоотноше-
ния между редакцией журнала «Children's medicine 
of the North-West (Детская медицина Северо-Запада)» 
(далее по тексту «Журнал»), зарегистрированного Фе-
деральной службой по надзору в сфере связи, инфор-
мационных технологий и массовых коммуникаций 
(РОСКОМНАДЗОР), Пи № ФС77-805334 от 1 марта 2021 
г., именуемой в дальнейшем «Редакция» и являющей-
ся структурным подразделением ФГБОУ ВО СПбГПМУ 
Минздрава России, и автором и/или авторским кол-
лективом (или иным правообладателем), именуемым 
в дальнейшем «Автор», принявшим публичное пред-
ложение (оферту) о заключении Договора. 

Автор передает Редакции для издания автор-
ский оригинал или рукопись. Указанный авторский 
оригинал должен соответствовать требованиям, 
указанным в разделах «Представление рукописи в 
журнал», «Оформление рукописи». При рассмотре-
нии полученных авторских материалов Журнал ру-
ководствуется «Едиными требованиями к рукопи-
сям, представляемым в биомедицинские журналы» 
(Intern. committee of medical journal editors. Uniform 
requirements for manuscripts submitted to biomedical 
journals // Ann. Intern. Med. 1997; 126: 36–47).

В Журнале печатаются ранее не опубликован-
ные работы по профилю Журнала. 

Журнал не рассматривает работы, результаты ко-
торых по большей части уже были опубликованы или 
описаны в статьях, представленных или принятых 
для публикации в другие печатные или электронные 
средства массовой информации. Представляя статью, 
автор всегда должен ставить редакцию в известность 
обо всех направлениях этой статьи в печать и о пре-
дыдущих публикациях, которые могут рассматривать-
ся как множественные или дублирующие публикации 
той же самой или очень близкой работы. Автор дол-
жен уведомить редакцию о том, содержит ли статья 
уже опубликованные материалы и предоставить ссыл-
ки на предыдущую, чтобы дать редакции возможность 
принять решение, как поступить в данной ситуации. 

Не принимаются к печати статьи, представляющие со-
бой отдельные этапы незавершенных исследований, а 
также статьи с нарушением «Правил и норм гуманного 
обращения с биообъектами исследований».

Размещение публикаций возможно только по-
сле получения положительной рецензии. 

Все статьи, в том числе статьи аспирантов и док-
торантов, публикуются бесплатно.

ПРЕДСТАВЛЕНИЕ РУКОПИСИ В ЖУРНАЛ
Авторский оригинал принимает редакция. Под-

писанная Автором рукопись должна быть отправ-
лена в адрес редакции по электронной почте на 
адрес lt2007@inbox.ru. Автор должен отправить 
конечную версию рукописи и дать файлу название, 
состоящее из фамилии первого автора и первых 
2–3 сокращенных слов из названия статьи. Инфор-
мацию об оформлении можно уточнить на сайте: 
http://ojs3.gpmu.org/index.php/childmed/index.

СОПРОВОДИТЕЛЬНЫЕ ДОКУМЕНТЫ
К авторскому оригиналу необходимо приложить 

экспертное заключение о возможности опубликова-
ния в открытой печати (бланк можно скачать на сайте 
https://www.gpmu.org/science/pediatrics-magazine/).

Рукопись считается поступившей в Редакцию, 
если она представлена комплектно и оформлена в 
соответствии с описанными требованиями. Предва-
рительное рассмотрение рукописи, не заказанной 
Редакцией, не является фактом заключения между 
сторонами издательского Договора.

Для публикации в Журнале необходимо предо-
ставить рукопись и направление на публикацию от 
учреждения с разрешением на публикацию в откры-
той печати.

При представлении рукописи в Журнал Авторы 
несут ответственность за раскрытие своих финан-
совых и других конфликтных интересов, способных 
оказать влияние на их работу. В рукописи должны 
быть упомянуты все лица и организации, оказавшие 
финансовую поддержку (в виде грантов, оборудова-
ния, лекарств или всего этого вместе), а также другое 
финансовое или личное участие.

Утв. приказом ректора
ФГБОУ ВО СПбГПМУ Минздрава России от 15.03.2021 г.

НАСТОЯЩИЕ ПРАВИЛА ДЛЯ АВТОРОВ
ЯВЛЯЮТСЯ ИЗДАТЕЛЬСКИМ ДОГОВОРОМ



Children’s Medicine of the North-West
2024/ Vol. 12 № 1

160 INFORMATION

ISSN 2221-2582

АВТОРСКОЕ ПРАВО
Редакция отбирает, готовит к публикации и публи-

кует переданные Авторами материалы. Авторское пра-
во на конкретную статью принадлежит авторам статьи. 
Авторский гонорар за публикации статей в Журнале не 
выплачивается. Автор передает, а Редакция принима-
ет авторские материалы на следующих условиях:
1) Редакции передается право на оформление, из-

дание, передачу Журнала с опубликованным мате-
риалом Автора для целей реферирования статей 
из него в Реферативном журнале ВИНИТИ, РНИЦ и 
базах данных, распространение Журнала/авторских 
материалов в печатных и электронных изданиях, 
включая размещение на выбранных либо созданных 
Редакцией сайтах в сети Интернет в целях доступа к 
публикации в интерактивном режиме любого заин-
тересованного лица из любого места и в любое вре-
мя, а также на распространение Журнала с опубли-
кованным материалом Автора по подписке;

2) территория, на которой разрешается использовать 
авторский материал,  — Российская Федерация и 
сеть Интернет;

3) срок действия Договора — 5 лет. По истечении ука-
занного срока Редакция оставляет за собой, а Ав-
тор подтверждает бессрочное право Редакции на 
продолжение размещения авторского материала в 
сети Интернет;

4) Редакция вправе по своему усмотрению без каких-
либо согласований с Автором заключать договоры 
и соглашения с третьими лицами, направленные на 
дополнительные меры по защите авторских и изда-
тельских прав;

5) Автор гарантирует, что использование Редак-
цией предоставленного им по настоящему До-
говору авторского материала не нарушит прав 
третьих лиц;

6) Автор оставляет за собой право использовать пре-
доставленный по настоящему Договору авторский 
материал самостоятельно, передавать права на 
него по договору третьим лицам, если это не про-
тиворечит настоящему Дого вору;

7) Редакция предоставляет Автору возможность без-
возмездного получения справки с электронными 
адресами его официальной публикации в сети Ин-
тернет;

8) при перепечатке статьи или ее части ссылка на пер-
вую публикацию в Журнале обязательна.

ПОРЯДОК ЗАКЛЮЧЕНИЯ ДОГОВОРА 
И ИЗМЕНЕНИЯ ЕГО УСЛОВИЙ

Заключением Договора со стороны Редакции явля-
ется опубликование рукописи данного Автора в жур-
нале «Children’s medicine of the North-West» и размеще-

ние его текста в сети Интернет. Заключением Договора 
со стороны Автора, т. е. полным и безоговорочным 
принятием Автором условий Договора, является пере-
дача Автором рукописи и экспертного заключения.

ОФОРМЛЕНИЕ РУКОПИСИ
Редакция журнала приветствует полностью двуя-

зычные статьи.
Статья должна иметь (НА РУССКОМ И АНГЛИЙ-

СКОМ ЯЗЫКАХ): 
1. Заглавие (Title) должно быть кратким (не более 

120 знаков), точно отражающим содержание статьи. 
2. Сведения об авторах (публикуются). Для каждо-

го автора указываются: фамилия, имя и отчество, место 
работы, почтовый адрес места работы, e-mail, ORCID, 
SPIN-код. Фамилии авторов рекомендуется транслите-
рировать так же, как в предыдущих публикациях или 
по системе BGN (Board of Geographic Names), см. сайт 
http://www.translit.ru. 

3. Резюме (Summary) (1500–2000 знаков, или 200–
250 слов) помещают перед текстом статьи. Резюме не 
требуется при публикации рецензий, отчетов о конфе-
ренциях, информационных писем. 

Авторское резюме к статье является основным 
источником информации в отечественных и зару-
бежных информационных системах и базах данных, 
индексирующих журнал. Резюме доступно на сай-
те журнала «Children’s medicine of the North-West» и 
индексируется сетевыми поисковыми системами. Из 
аннотации должна быть понятна суть исследования, 
нужно ли обращаться к полному тексту статьи для по-
лучения более подробной, интересующей его инфор-
мации. Резюме должно излагать только существен-
ные факты работы.

Рекомендуемая структура аннотации: введение 
(Background), цели и задачи (Purposes and tasks), мето-
ды (Materials and methods), результаты (Results), выво-
ды (Conclusion). Предмет, тему, цель работы нужно ука-
зывать, если они не ясны из заглавия статьи; метод или 
методологию проведения работы целесообразно опи-
сывать, если они отличаются новизной или представ-
ляют интерес с точки зрения данной работы. Объем 
текста авторского резюме определяется содержанием 
публикации (объемом сведений, их научной ценно-
стью и/или практическим значением) и должен быть в 
пределах 200–250 слов (1500–2000 знаков). 

4. Ключевые слова (Key words) от 3 до 10 ключевых 
слов или словосочетаний, которые будут способство-
вать правильному перекрестному индексированию 
статьи, помещаются под резюме с подзаголовком 
«ключевые слова». Используйте термины из списка 
медицинских предметных заголовков (Medical Subject 
Headings), приведенного в Index Medicus (если в этом 
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списке еще отсутствуют подходящие обозначения для 
недавно введенных терминов, подберите наиболее 
близкие из имеющихся). Ключевые слова разделяются 
точкой с запятой.

5. Заголовки таблиц, подписи к рисункам, а так-
же все тексты на рисунках и в таблицах должны быть на 
русском и английском языках.

6. Литература (References). Список литературы дол-
жен представлять полное библиографическое описа-
ние цитируемых работ в соответствии с NLM (National 
Library of Medicine) Author A.A., Author B.B., Author C.C. 
Title of article. Title of Journal. 2005;10(2):49–53. 
Список формируется в порядке упоминания ис-
точников (если источник упоминается несколько раз, 
то используется номер ссылки первого упоминания). 
В описании указываются ВСЕ авторы публикации. Би-
блиографические ссылки в тексте статьи даются циф-
рой в квадратных скобках. Ссылки на неопубликован-
ные работы не допускаются.

Книга: Автор(ы) название книги (знак точка) место 
издания (двоеточие) название издательства (знак точ-
ка с запятой) год издания. 

Если в качестве автора книги выступает редактор, 
то после фамилии следует ред.

Преображенский Б.С., Тёмкин Я.С., Лиха чёв А.Г. Бо-
лезни уха, горла и носа. М.: Медицина; 1968.

Радзинский В.Е., ред. Перинеология: учебное посо-
бие. М.: РУДН; 2008.

Brandenburg J.H., Ponti G.S., Worring A.F. eds. Vo cal 
cord injection with autogenous fat. 3 rd ed. NY: Mosby; 
1998.

Глава из книги: Автор (ы) название главы (знак точ-
ка) В кн.: или In: далее описание книги [Автор (ы) на-
звание книги (знак точка) место издания (двоеточие) 
название издательства (знак точка с запятой) год изда-
ния] (двоеточие) стр. от и до.

Коробков Г.А. Темп речи. В кн.: Современные про-
блемы физиологии и патологии речи: сб. тр. Т. 23. М.; 
1989: 107–11.

Статья из журнала
Автор (ы) название статьи (знак точка) название 

журнала (знак точка) год издания (знак точка с запятой) 
том (если есть в круглых скобках номер журнала) затем 
знак (двоеточие) страницы от и до.

Кирющенков А.П., Совчи М.Г., Иванова П.С. Полики-
стозные яичники. Акушерство и гинекология. 1994; N 1: 
11–4.

Brandenburg J.H., Ponti G.S., Worring A.F. Vocal cord 
injection with autogenous fat: a long-term magnetic 
resona. Laryngoscope. 1996; l06 (2, pt l): 174–80.

Тезисы докладов, материалы научных конф.
Бабий А. И., Левашов М. М. Новый алгоритм нахож-

дения кульминации экспериментального нистагма 

(миниметрия). III съезд оториноларингологов Респ. Бе-
ларусь: тез. докл. Минск; 1992: 68–70.

Салов И.А., Маринушкин Д.Н. Акушерская тактика 
при внутриутробной гибели плода. В кн.: Материалы 
IV Российского форума «Мать и дитя». М.; 2000; ч. 1: 
516–9.

Авторефераты
Петров С.М. Время реакции и слуховая адаптация в 

норме и при периферических поражениях слуха. Авто-
реф. дис… канд. мед. наук. СПб.; 1993.

Описание Интернет-ресурса
Щеглов И. Насколько велика роль микрофлоры 

в биологии вида-хозяина? Живые системы: научный 
электронный журнал. Доступен по: http://www.biorf.ru/
catalog.aspx?cat_id=396&d_no=3576 (дата обращения 
02.07.2012).

Kealy M.A., Small R.E., Liamputtong P. Recovery after 
caesarean birth: a qualitative study of women’s accounts 
in Victoria, Australia. BMC Pregnancy and Childbirth. 
2010. Available at: http://www.biomedcentral.com/1471–
2393/10/ 47/. (accessed 11.09.2013).

Для всех статей, имеющих DOI, индекс необходимо 
указывать в конце библиографического описания.

По новым правилам, учитывающим требования 
международных систем цитирования, библиографи-
ческие списки (References) входят в англоязычный 
блок статьи и, соответственно, должны даваться не 
только на языке оригинала, но и в латинице (роман-
ским алфавитом). Поэтому авторы статей должны 
давать список литературы в двух вариантах: один на 
языке оригинала (русскоязычные источники кирил-
лицей, англо язычные латиницей), как было принято 
ранее, и отдельным блоком тот же список литературы 
(References) в романском алфавите для Scopus и других 
международных баз данных, повторяя в нем все ис-
точники литературы, независимо от того, имеются ли 
среди них иностранные. Если в списке есть ссылки на 
иностранные публикации, они полностью повторяют-
ся в списке, готовящемся в романском алфавите.

В романском алфавите для русскоязычных источ-
ников требуется следующая структура библиографи-
ческой ссылки: автор(ы) (транслитерация), перевод 
названия книги или статьи на английский язык, название 
источника (транслитерация), выходные данные в циф-
ровом формате, указание на язык статьи в скобках (in 
Russian). 

Технология подготовки ссылок с использова-
нием системы автоматической транслитерации и 
переводчика.

На сайте http://www.translit.ru можно бесплатно 
воспользоваться программой транслитерации рус-
ского текста в латиницу. Программа очень простая.
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1. Входим в программу Translit.ru. В окошке «ва-
рианты» выбираем систему транслитерации BGN 
(Board of Geographic Names). Вставляем в специаль-
ное поле весь текст библиографии на русском языке 
и нажимаем кнопку «в транслит».

2. Копируем транслитерированный текст в готовя-
щийся список References.

3. Переводим с помощью автоматического пере-
водчика название книги, статьи, постановления и т.д. 
на английский язык, переносим его в готовящийся 
список. Перевод, безусловно, требует редактирова-
ния, поэтому данную часть необходимо готовить че-
ловеку, понимающему английский язык.

4. Объединяем описания  в соответствии с приня-
тыми правилами  и редактируем список. 

5. В конце ссылки в круглых скобках указывается (in 
Russian). Ссылка готова.

Примеры транслитерации русскоязычных источ-
ников литературы для англоязычного блока статьи

Книга: Avtor (y) Nazvanie knigi (znak tochka) [The 
title of the book in english] (znak tochka) Mesto izdaniya 
(dvoetochie) Nazvanie izdatel’stva (znak tochka s 
zapyatoy) god izdaniya.

Preobrazhenskiy B. S., Temkin Ya. S., Likhachev A. G. 
Bolezni ukha, gorla i nosa. [Diseases of the ear, nose and 
throat]. M.: Meditsina; 1968. (in Russian).

Radzinskiy V.E., ed. Perioneologiya: uchebnoe posobie. 
[Perineology tutorial]. M.: RUDN; 2008. (in Russian).

Глава из книги: Avtor (y) Nazvanie glavy (znak tochka) 
[The title of the article in english] (znak tochka) In: Avtor (y) 
Nazvanie knigi (znak tochka) Mesto izdaniya (dvoetochie) 
Nazvanie izdatel’stva (znak tochka s zapyatoy) god 
izdaniya]. (dvoetochie) stranisi ot i do.

Korobkov G. A. Temp rechi. [Rate of speech]. In.: 
Sovremennye problemy fi ziologii i patologii rechi: sb. tr. T. 
23. M.; 1989: 107–11. (in Russian).

Cтатья из журнала: Avtor (y) Nazvanie stat’I (znak 
tochka)  [The title of the article in english] (znak tochka) 
Nazvanie zhurnala (znak tochka) god izdaniya (znak 
tochka s zapyatoy) tom (esli est’ v kruglykh skobkakh 
nomer zhurnala) zatem (znak dvoetochie) stranitsy ot i do.

Kiryushchenkov A. P., Sovchi M. G., Ivanova P. S. 
Polikistoznye yaichniki. [Polycystic ovary]. Akusherstvo i 
ginekologiya. 1994; N 1: 11–4. (in Russian).

Тезисы докладов, материалы научных конф.
Babiy A. I., Levashov M. M. Novyy algoritm nakhozh-

deniya kul’minatsii eksperimental’nogo nistagma (min-
imetriya). [New algorithm of fi nding of the culmination 
experimental nystagmus (minimetriya)]. III s’ezd otorino-
laringologov Resp. Belarus’: tez. dokl. Minsk; 1992: 68–70. 
(in Russian).

Salov I. A., Marinushkin D. N. Akusherskaya taktika 
pri vnutriutrobnoy gibeli ploda. [Obstetric tactics in 

intrauterine fetal death]. In: Materialy IV Rossiyskogo 
foruma «Mat’ i ditya». M.; 2000; ch.1:516–9. (in Russian).

Авторефераты
Petrov S. M. Vremya reaktsii i slukhovaya adaptatsiya v 

norme i pri perifericheskikh porazheniyakh slukha. [Time of 
reaction and acoustical adaptation in norm and at peripheral 
defeats of hearing]. PhD thesis. SPb.; 1993. (in Russian).

Описание Интернет-ресурса
Shcheglov I. Naskol’ko velika rol’ mikrofl ory v biologii 

vida-khozyaina? [How great is the microfl ora role in type-
owner biology?]. Zhivye sistemy: nauchnyy elektronnyy 
zhurnal. Available at: http://www.biorf.ru/catalog.aspx?cat_
id=396&d_no=3576 (accessed 02.07.2012). (in Russian).

ОТВЕТСТВЕННОСТЬ ЗА ПРАВИЛЬНОСТЬ БИБЛИ-
ОГРАФИЧЕСКИХ ДАННЫХ НЕСЕТ АВТОР.

Остальные материалы предоставляются либо на 
русском, либо на английском языке, либо на обоих язы-
ках по желанию.

СТРУКТУРА ОСНОВНОГО ТЕКСТА СТАТЬИ
Введение, изложение основного материала, за-

ключение, литература. Для оригинальных исследова-
ний — введение, методика, результаты исследования, 
обсуждение результатов, литература (IMRAD).

В разделе «методика» обязательно указываются 
сведения о статистической обработке эксперимен-
тального или клинического материала. Единицы из-
мерения даются в соответствии с Международной си-
стемой единиц — СИ. Фамилии иностранных авторов, 
цитируемые в тексте рукописи, приводятся в ориги-
нальной транскрипции. 

Объем рукописей. 
Объем рукописи обзора не должен превышать 25 

стр. машинописного текста через два интервала, 12 
кеглем (включая таблицы, список литературы, подпи-
си к рисункам и резюме на английском языке), поля не 
менее 25  мм. Нумеруйте страницы последовательно, 
начиная с титульной. Объем рукописи статьи экспери-
ментального характера не должен превышать 15 стр. 
машинописного текста; кратких сообщений (писем в 
редакцию) — 7 стр.; отчетов о конференциях — 3 стр.; 
рецензий на книги — 3 стр. Используйте колонтитул — 
сокращенный заголовок и нумерацию страниц, для по-
мещения вверху или внизу всех страниц статьи.

Иллюстрации и таблицы. Число рисунков ре-
комендуется не более 5. В подписях под рисунками 
должны быть сделаны объяснения значений всех кри-
вых, букв, цифр и прочих условных обозначений. Все 
графы в таблицах должны иметь заголовки. Повторять 
одни и те же данные в тексте, на рисунках и в табли-
цах не следует. Все надписи на рисунках и в табли-
цахприводятся на русском и английском языках. 
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Рисунки, схемы, фотографии должны быть представ-
лены в точечных форматах tif, bmp (300–600 dpi), или в 
векторных форматах pdf, ai, eps, cdr. При оформлении 
графических материалов учитывайте размеры печат-
ного поля Журнала (ширина иллюстрации в одну ко-
лонку — 90 мм, в 2 — 180 мм). Масштаб 1:1. 

В конце каждой статьи обязательно указываются 
вклад авторов в написание статьи, источники финан-
сирования (если имеются), отсутствие конфликта ин-
тересов, наличие согласия на публикацию со стороны 
пациентов.

РЕЦЕНЗИРОВАНИЕ
Статьи, поступившие в редакцию, обязательно ре-

цензируются. Если у рецензента возникают вопросы, 
то статья с комментариями рецензента возвращается 
Автору. Датой поступления статьи считается дата полу-
чения Редакцией окончательного варианта статьи. Ре-
дакция оставляет за собой право внесения редактор-

ских изменений в текст, не искажающих смысла статьи 
(литературная и технологическая правка). 

АВТОРСКИЕ ЭКЗЕМПЛЯРЫ ЖУРНАЛА
Редакция обязуется выдать Автору 1 экземпляр 

Журнала на каждую опубликованную статью вне 
зависимости от числа авторов. Авторы, прожива-
ющие в Санкт-Петербурге, получают авторский 
экземпляр Журнала непосредственно в Редакции. 
Иногородним Авторам авторский экземпляр Жур-
нала высылается на адрес автора по запросу от ав-
тора. Экземпляры спецвыпусков не отправляются 
авторам.

АДРЕС РЕДАКЦИИ
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