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ABSTRACT. This review presents current data on the diagnosis and intensive care of necrotizing enterocolitis in 
neonates from the perspective of an anesthesiologist-intensivist. The disease is considered a multifactorial pro-
cess, most common in preterm infants. The main risk factors are described, including early antibiotic use, formula 
feeding, and hemodynamic disturbances. Criteria for patient transfer to the intensive care unit are systematized 
based on multiple organ dysfunction scores and ultrasound fi ndings. The principles of fl uid management, inotro-
pic and respiratory support, antibiotic therapy, as well as approaches to parenteral nutrition and coagulopathy 
correction, are detailed. Special attention is paid to indications for surgical treatment, resection techniques, and 
peritoneal drainage. Practical suggestions for optimizing the management of this patient population are formu-
lated, including the use of dalargin, prolonged epidural analgesia, and low-molecular-weight heparins.
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РЕЗЮМЕ. В обзорной статье представлены современные данные о диагностике и интенсивной терапии 
некротизирующего энтероколита у новорожденных с позиции анестезиолога-реаниматолога. Заболевание 
рассматривается как многофакторный процесс, чаще встречающийся у недоношенных детей. Описаны 
основные факторы риска, включая раннее применение антибиотиков, искусственное вскармливание 
и гемодинамические нарушения. Систематизированы критерии перевода пациентов в отделение 
реанимации на основе шкал полиорганной дисфункции и ультразвуковых данных. Детально изложены 
принципы инфузионной, инотропной, респираторной и антибактериальной терапии, а также подходы 
к парентеральному питанию и коррекции коагулопатий. Отдельное внимание уделено показаниям 
к хирургическому лечению, тактике резекции и дренирования брюшной полости. Сформулированы 
практические предложения по оптимизации ведения данной категории пациентов, включая применение 
даларгина, продленной эпидуральной аналгезии и низкомолекулярных гепаринов.
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DEFINITION

Necrotizing enterocolitis (NEC) is a common 
complication of neonatal pathology; however, in 
extremely preterm infants, it can be regarded as a 
distinct clinical entity [1, 2]. It is among preterm 
infants that NEC occurs most consistently. For 
instance, NEC is reported in 7–11% of very-low-
birth-weight preterm infants in the USA, in 5.1% 
of preterm infants born at less than 33 weeks of 
gestation in Canada, in 5.8% of those with a gesta-
tional age below 27 weeks in Sweden, and in 3–4% 
of preterm infants under 32 weeks of gestation in 
Switzerland [3–5]. Mortality in infants with stage I–
II NEC ranges from 20% to 30%, while in surgically 
treated patients it reaches 50–60% [3, 6, 7]. 

NEC lacks a clearly defi ned etiology, and there 
is no consensus among researchers on the funda-
mental nature of this disease [8–11]. A broad group 
of conditions of both iatrogenic and non-iatrogenic 
origin is recognized as predisposing factors. These 
include birth weight below 1500 g; formula feeding 
or the use of cow's and goat's milk; mechanical 
and osmotic stressors, such as oral and enteral ad-
ministration of medications and hyperosmolar for-
mulas; diseases and conditions associated with in-
trapulmonary or extrapulmonary right-to-left blood 
shunting�— for instance, respiratory distress syn-
drome, pneumonia, patent ductus arteriosus, pul-
monary embolism, and cyanotic congenital heart 
defects — and intestinal capillary hypoperfusion 
due to low cardiac output, vasoplegic shock, or di-
astolic dysfunction, the latter most often caused by 
hypocalcemia [12–20]. It is also necessary to take 
into account the spasmogenic effects of opiates 
(morphine, fentanyl)�— with the exception of trime-
peridine, which acts as a spasmolytic — as well as 
vasoactive agents that increase oxygen demand 
(such as catecholamines, methylxanthines (ami-
nophylline), corticosteroids, sildenafi l, and ibupro-
fen) and mechanical ventilation with high positive 
end-expiratory pressure (PEEP). Each day of anti-
biotic therapy (ABT) has been shown to increase 
the risk of NEC by 20%, with an odds ratio (OR) of 
1.2 (95% confi dence interval [CI], 1–1.5); when the 
duration of ABT exceeds 10�days, the OR reaches 
3.0 (95% CI, 1.5–3.3). A well-known adverse effect 
of protected semi-synthetic penicillins, and to a 
lesser extent cephalosporins, is the development 
of pseudomembranous colitis, i.e., the provoca-
tion of NEC [21, 22]. Factors that reliably reduce 
the risk of NEC include feeding with native human 

milk (both maternal and donor milk) and probio-
tics containing Lactobacillus and Bifi dobacterium 
species [13, 18, 23]. Lactoferrin reduces the risk of 
both NEC and late-onset neonatal sepsis [2, 3, 24]. 
Early pharmacological closure of the ductus arte-
riosus with ibuprofen is traditionally regarded as 
benefi cial; at the same time, however, the negative 
impact of this drug on cerebral, pulmonary, and in-
testinal blood fl ow is emphasized, and data on the 
long-term consequences of its use remain lacking 
[3, 16, 17, 25–27].

The clinical picture consists of a combination of 
systemic toxic symptoms (lethargy, somnolence, 
poikilothermia, episodes of apnea, and a tenden-
cy toward bradycardia and arterial hypotension) 
and gastrointestinal manifestations, including 
abdo minal distension (70–98%), increased gastric 
residual volume (>70%), regurgitation, vomiting 
(>70%), gastrointestinal bleeding (22–59%), and 
diarrhea (4–26%) [28–30].

The stages of NEC are defi ned by Bell's classi-
fi cation as modifi ed by Walsh and Kliegman [31], 
supplemented by the ultrasound (US) fi ndings pre-
sented below [32–36].

Stage Ia: suspected NEC. The skin has a mot-
tled appearance; brief episodes of apnea and tem-
perature instability are noted. The abdomen is dis-
tended and tender to palpation. Stools are frothy 
and odorless. Cessation of enteral feeding leads to 
clinical improvement. US reveals increased intesti-
nal echogenicity.

Stage Ib: suspected NEC. The overall clinical 
picture is similar to that of stage Ia. Blood may 
be present in the stool. Radiographic signs in-
clude intestinal distension with gas, bowel wall 
edema, irregularity of intestinal loops, and moder-
ate hepatosplenomegaly. US demonstrates hype-
remia, increased perfusion (on Doppler imaging), 
bowel wall thickening, and increased intestinal 
echogenicity.

Stage IIa: defi nite NEC (negative dyna mics). 
Lethargy, hypothermia, muscular hypotonia, and 
centralization of circulation (shock) deve lop. Ap-
neic episodes become more frequent and pro-
longed. Bradycardia is observed. Vomiting is 
bile-stained, and blood is present in the stool. In-
tra-abdominal pressure rises: the abdomen is en-
larged, the skin is tense ("shiny"), and palpation is 
painful. Hyperemia of the abdominal wall (Besen-
reiser's sign) is noted. Hepatosplenomegaly is pro-
nounced. Radiographic signs include a progressive 
increase in intestinal gas; paresis with fl uid levels; 



A N E S T H E S I O L O G Y  A N D  R E S U S C I T A T I O N

CHILDREN’S MEDICINE of the North-West
ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)

Volume 14 N 1    2026182

worsening bowel wall edema; moderate pneuma-
tosis; and separation of intestinal loops in the 
presence of free fl uid in the abdominal cavity. In 
addition to the previously described signs, US may 
reveal free gas in the portal area of the liver. Thin-
ning of the bowel wall and decreased perfusion in-
dicate pre-perforation. In the absence of adequate 
intensive care, this stage progresses within seve-
ral hours to stage IIb and subsequently to stage III.

Stage IIb: NEC with physiological deteriora-
tion. Bradycardia, heart failure, metabolic acidosis, 
thrombocytopenia, jaundice, oliguria, somnolence 
or stupor, and muscular atonia develop. Edema of 
the abdominal wall is markedly pronounced. Any 
touch is painful. The bowel contains frothy stool, 
but defecation is absent. Radiographic signs in-
clude an increase in the amount of free fl uid in 
the abdominal cavity with separation of intestinal 
loops, pronounced pneumatosis, and obliteration 
of the preperitoneal fat line. Ultrasound (US) fi n-
dings are identical. Stage IIb is rapidly progressive 
and requires emergency stabilization of vital func-
tions.

Stage IIIa: advanced NEC without perforation. 
Peritonitis develops as a result of increased intes-
tinal wall permeability and loss of the intestinal 
barrier (glycocalyx); the abdomen is extremely dis-
tended and markedly tense, with visible contours 
of intestinal loops, ecchymoses, and severe hype-
remia of the abdominal wall. The patient's condi-
tion is critical: sepsis, vasoplegic and cardiogenic 
shock, and multiple organ dysfunction syndrome 
(MODS) are present.

Stage IIIb: advanced NEC with perforation. 
Pneumoperitoneum and gangrene are observed. 
Radiographic signs include signifi cant hepatos-
plenomegaly, a reduced bladder size, a marked 
increase in the amount of free fl uid and pneuma-
tosis of the intestine and portal vein area, with a 
corresponding decrease in the amount of free gas.

DIAGNOSIS

The objective physical signs of NEC have been de-
scribed above. It should be emphasized that, when 
NEC is suspected, palpation of the abdomen during 
physical examination must be avoided. Regular surgi-
cal consultations are mandatory. Other investigations 
include measurement of abdominal circumfe rence 
every 2 hours; ultrasound (US); a complete blood 
count, with particular attention paid to thrombocyto-
sis, leukocytosis, and the neutrophil-to-lymphocyte 

ratio (not exceeding 5.5); serum electrolytes; acute-
phase proteins — C-reactive protein, fi brinogen, and 
transthyretin (a dynamic decrease in which indicates 
depletion of energy reserves required to counteract 
infl ammation); creatinine; urea; blood gas analysis 
and acid – base status parameters; bacteriological 
studies; and a coagulation profi le [37–42].

TREATMENT (NON-SURGICAL)

Intensive care includes nil per os, gastric de-
compression, total parenteral nutrition, antibiotic 
therapy, inotropic and respiratory support, correc-
tion of fl uid and electrolyte balance, management 
of coagulopathies and thrombocytopenia, as well 
as infrequently used and rarely employed mea-
sures, such as the administration of lactulose and 
dalargin.

ELABORATION AND DISCUSSION 
OF THE ABOVE POINTS

1. Cessation of feeding produces a clear po-
sitive effect when NEC is suspected (stage Ia) [2, 
3, 43]. As the process progresses, the benefi cial 
role of fasting is reduced to the prevention of ab-
dominal distension and the intra-abdominal hyper-
tension caused by it. However, prolonged fasting 
(exceeding 24 hours) in a preterm newborn is a 
risk factor for intestinal atrophy, since the small 
intestine receives 50% of its nutrition from its lu-
men, and the large intestine receives 80% [44–46]. 
Atrophy of the intestinal wall leads to degradation 
of the glycocalyx and facilitates the translocation 
of intestinal fl ora in the setting of an immature 
biocenosis, i.e., it provokes septic complications 
[1, 24]. For this reason, some researchers, in the 
absence of gas in the portal area of the liver, per-
mit trophic feeding starting with a semi-elemental 
formula, with subsequent transition to maternal or 
donor milk, up to and including the development 
of stage IIa [41, 46, 47]. In the parenteral nutrition 
program, it is essential to adhere to the following 
conditions. Total energy supply should not exceed 
50 kcal/kg per day and should be achieved gradu-
ally (over 7–9 days), with a lipid-to-glucose ratio of 
1:1.5 (40% of energy supply provided by third-ge-
neration lipid emulsions — the agent of choice be-
ing SMOFlipid�— and 60% by glucose). Amino acid 
mixtures (Aminoven Infant, Aminoplasma-Ped) 
are dosed according to the principle of 100 kcal 
per 1 g of amino nitrogen or 6.25 g of amino acids, 
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while for newborns of very low and extremely low 
birth weight who require increased protein supple-
mentation, the energy supply may be reduced to 
80 kcal per 1 g of amino nitrogen [48–50]. Pre-
vention of cholestasis requires the maintenance 
of gastrointestinal motility: perianal mechanical 
stimulation; the administration of hypertonic mi-
croenemas in consultation with the surgeon; and, 
as a priority, continuous epidural anesthesia (the 
technique of choice being caudal anesthesia with 
0.2% ropivacaine) [51, 52]. Gastric decompres-
sion is continuous: the tube is not clamped, it is 
looped, and the free end is positioned above the 
zero reference point (the manubrium of the ster-
num). The administration of probiotics containing 
Lactobacillus and Bifi dobacterium species is al-
ways indicated.

2. Antibiotic therapy. Despite the fact that 
NEC begins as an aseptic process, reduced mi-
crocirculation destroys the intestinal barrier (gly-
cocalyx), leading to the appearance of microne-
croses; degradation of the glycocalyx facilitates 
the translocation of intestinal fl ora; and microbi-
al colonization of the intestine outpaces the de-
velopment of primary immune responses, which 
dictates the need for early initiation of antibiotic 
therapy in stages I–II. No clear, objectively sub-
stantiated recommendations exist regarding the 
choice of antibiotics [3]. Traditionally, antibiotic 
therapy in newborns is often initiated with protec-
ted semi-synthetic penicillins as monotherapy or 
in combination with an aminoglycoside. However, 

residual clavulanic acid, sulbactam, avibactam, 
and cilastatin carry a risk of inducing pseudomem-
branous colitis and disinhibiting clostridial intes-
tinal fl ora, and Clostridium diffi  cile is recognized 
as an etiological factor in toxic megacolon. For 
this reason, a combination of an aminoglycoside 
with a third- or fourth-generation cephalosporin 
appears more justifi ed, with metronidazole ad-
ded when additional anti-anaerobic activity is re-
quired. As an alternative, carbapenem monothe-
rapy (meropenem or doripenem) is recommended. 
In stage I, the course of antibiotic therapy should 
be short (ideally 72 hours), whereas in stages II–
III it should last 10–14 days. Probiotics are not 
administered during antibiotic therapy. The issue 
of combined antibiotic therapy remains without 
evidence-based solutions. Two, three, and some-
times up to fi ve  agents are frequently prescribed 
based on the susceptibility (more precisely, the 
minimal inhibitory concentration) of microorga-
nisms isolated from non-sterile sites, without con-
sideration of pharmacological and bacteriological 
antagonism [53, 54].

3. Inotropic support. While the goal of inotro pic 
support in the setting of NEC is the restoration of 
capillary perfusion in the gastrointestinal tract, the 
primary task to be accomplished in achieving this 
goal is an increase in cardiac stroke volume (a�di-
rect inotropic effect; if its effi  cacy is insuffi  cient, 
a vasoconstrictor effect is additionally recruited) 
[55–59]. In doing so, it is important not to raise pe-
ripheral vascular resistance above a certain critical 

Table 1. Effects of vasoactive drugs

Таблица 1. Эффекты вазоактивных медикаментов

Препараты (рецепторы)
Drugs (receptors)

СИ
CI

ЧСС
HR

САД
MAP

ОПСС
TVR

ЛСС
PVR

Потребность миокарда в О2

Myocardial O2 demand 

Добутамин (α-1; β-1,2) 
Dobutamine (α-1; β-1,2)

++ ++ + – – ++

Допамин (α-1; β-1,2; D)
Dopamine (α-1; β-1,2; D)

+ + ++ ++ + +

Адреналин (α-1; β-1,2)
Epinephrine (α-1; β-1,2)

++ ++ ++ +++ +++ +

Норадреналин (α-1; β-1)
Norepinephrine (α-1; β-1)

+/– – ++ +++ +++ ++

Милринон (α-1)
Milrinone (α-1)

+ +/– +/– – – +/–

The table was compiled by the authors
Таблица составлена авторами
Note: PVR — pulmonary vascular resistance; TVR — total vascular resistance; MAP — mean arterial pressure; CI — cardiac index; 
HR — heart rate.
Примечание: ЛСС — легочное сосудистое сопротивление; ОПСС — общее периферическое сопротивление сосудов; 
САД — среднее артериальное давление; СИ — сердечный индекс; ЧСС — частота сердечных сокращений.
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4. Respiratory support. NEC, even at stage I, 
requires respiratory support, since increasing in-
tra-abdominal pressure restricts tidal volumes 
and promotes atelectasis of the lower lobes of 
the lungs, compensatory increasing the work of 
breathing. The reduction in the respiratory surface 
area decreases the ventilation-perfusion (V/Q) 
ratio to <0.8, thereby increasing the shunt of de-
oxygenated blood into the systemic circulation. 
Furthermore, NEC rarely begins to develop against 
a background of full health but rather emerges as 
a complication of a wide variety of pathologies 
in the neonatal period. The principle that, in any 
neonatal pathology, the hemodynamic, external 
respiratory, and digestive systems are universal-
ly affected has been confi rmed by the work of 
N.N.�Volodin [64] and A.G. Antonov [65].

Non-invasive respiratory support, most com-
monly in the form of continuous positive airway 
pressure, may delay the need to transition the 
newborn to volume-controlled mechanical ventila-
tion but may also serve as a factor in increa sing 
intragastric and subsequently intra-abdominal 
pressure. When the latter rises above 10 mmHg, 
the conditions for adequate renal perfusion and 
capillary perfusion in the celiac trunk region dete-
riorate [45, 63, 66]. For this reason, early transition 
of patients with NEC to invasive respiratory sup-
port is considered advisable [67, 68].

High-frequency oscillatory ventilation (HFOV), 
which is gaining popularity, holds promise for le-
sions of the pulmonary parenchyma and interstitium, 
since active expiration guarantees the absence of 
auto-PEEP and reduces the risk of dysatelectasis, 
barotrauma, and volutrauma [30]. However, in the 
presence of elevated intra-abdominal pressure and 
reduced splanchnic blood fl ow, there is no physiolo-
gical rationale or suffi  cient evidence for the superio-
rity of HFOV over the more conventional convection 
(volume-controlled) ventilation [69, 70]. In particular, 
the effect of high oscillation frequency (≥5 Hz) on 
perfusion blood fl ow in the celiac trunk region has 
not been studied.

Among the specifi c aspects of volume-controlled 
ventilation in newborns with NEC, the need to over-
come hypoventilation of the segments of the lower 
third of the lungs resulting from intra-abdominal 
hypertension should be noted. In these segments, 
the ventilation-perfusion (V/Q) ratio is substantially 
lower than 0.8, and during a rapid inspiration, a sig-
nifi cant proportion of alveoli and bronchioles do not 
participate in gas exchange, thereby increasing the 

value, which, unfortunately, has not been precisely 
defi ned. Table 1 presents the qualitative characte-
ristics of catecholamines and milrinone.

At the initiation of inotropic support, the oxy-
gen extraction index (O2ER) should be quantita-
tively determined [60, 61]:

O2ER = (SpO2 – SvO2)/SpO2,

where SpO2 is the oxygen saturation of hemoglo-
bin in the pulsatile blood fl ow (which constitutes 
97–99% of SaO2) [62], and SvO2 is the oxygen sa-
turation of hemoglobin in venous blood.

The normal range of this index is from 0.22 to 
0.35. Values ≤0.2 indicate an excessive oxygen 
supply or, less commonly, hypometabolism that 
reduces the effi  cacy of vasopressors, i.e., they 
refl ect the need to reduce or discontinue oxygen 
supplementation; values above 0.4 invariably re-
fl ect hypercatabolism and may require deepening 
of sedation and an increase in the fraction of in-
spired oxygen (FiO2). In the absence of milrinone, 
the agent of choice is dobutamine, which does not 
increase systemic vascular resistance (SVR; also 
referred to as total vascular resistance, TVR, in 
Table 1), improves perfusion of the pulmonary cir-
culation and overall capillary perfusion, at an initial 
dose of 5 μg/kg/min, with possible escalation to 
10–15 μg/kg/min [45, 63]. Dopamine at doses of 5 
to 10 μg/kg/min acts similarly to dobutamine but 
increases mean arterial pressure (MAP) by raising 
SVR (enhancing myocardial contractility to a lesser 
extent), whereas dobutamine increases cardiac 
output with virtually no effect on SVR. The target 
parameter for assessing the effi  cacy of vasoactive 
agents is mean arterial pressure, which in full-term 
newborns should be no lower than 40 mmHg and no 
higher than 55 mmHg. In extremely preterm infants, 
the lower acceptable limit of MAP is 35�mmHg and 
the upper limit is 50 mmHg. If MAP�remains unsta-
ble under the action of dobutamine or dopamine, 
the regimen is modifi ed [1, 2, 44, 56]. Two options 
are possible, based on the physiological effects of 
vasoactive medications:

1) epinephrine from 0.05 to 1–2 μg/kg/min 
(does not require combination with other 
agents);

2) norepinephrine 0.2–2 μg/kg/min� + dobu-
tamine.

During inotropic and vasopressor support, one 
should aim for the gradual but earliest possible 
discontinuation of catecholamines.
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capacity of the functional dead space [44, 45, 67, 
71]. By the term "rapid inspiration," we denote the 
inspiratory-to-expiratory time ratio (Ti:Te) routinely 
used in most neonatal intensive care units, i.e., a 
ratio of 1:3–1:4 [72, 73]. To counteract this effect, 
elevated PEEP and FiO2 are routinely employed, 
which exert opposing infl uences on CO2 exchange. 
A high FiO2, by stimulating the Haldane effect, en-
hances the "washout" of CO2 from erythrocytes in 
venous blood, whereas PEEP impedes its alveolar 
elimination [67, 68, 74]. As a result, both hypercap-
nia at normal or reduced respiratory rates and hy-
pocapnia at elevated respiratory rates are frequently 
recorded. The PEEP level also affects the perfusion 
of pulmonary capillaries, the perfusion pressure in 
which does not exceed 5–7 mmHg (6.7–9.4 mbar) 
in extremely preterm infants, while an FiO2 above 0.6 
promotes cerebral vasodilation, increasing the risk 
of hemorrhages and periventricular leukomalacia. 
The Ti:Te ratio, as shown in Table 2, depends on the 
respiratory rate per minute [67, 68, 73]. At a fi xed 
inspiratory time (usually 0.3±0.05 s), a respiratory 
rate of 40 breaths per minute yields a Ti:Te of 1:4, 
at 50 per minute�— 1:3, at 65 per minute—1:2, and 
only at 80 per minute does it correspond to the 
physiological ratio for quiet breathing�— 1:1.5 [44].

In view of the above, the initial ventilation pa-
rameters required to establish and maintain an 
"open lung" in a newborn with NEC (especially 

those weighing less than 1500 g) may be present-
ed as follows:

• tidal volume (Vt) not exceeding 4–5 mL/kg 
(in the absence of signs of acute respiratory 
distress syndrome [ARDS], it may be gradually 
increased to 6–7 mL/kg);

• circuit fl ow (fl ow) 3–4 L/min (up to 5–6 L/min 
when a heat and moisture exchange fi lter is 
used);

• respiratory rate (RR) 45–50 breaths/min;
• inspiratory time 0.67–0.6 s (Ti:Te—1:1), with 

gradual reduction (as SpO2 normalizes) to 
0.53–0.48 s (Ti:Te—1:1.5);

• peak inspiratory pressure (PIP) 18–22 mbar;
• PEEP 3–5 mbar;
• FiO2 at the minimum level required to achieve 

SpO2 of 88–94%, preferably not exceeding 0.4;
• maintain the following parameters within 

the specifi ed ranges: O2ER 0.22–0.4; SpO2 
88–94%; arterial oxygen tension (PaO2) 57–
75 mmHg; venous oxygen tension (PvO2) 
35–45 mmHg; venous carbon dioxide tension 
(PvCO2) 35–50�mmHg.

5. Correction of fl uid and electrolyte balance. 
In the early neonatal period, by analogy with the 
general principles of intensive care, infusion ther-
apy is considered a priority anti-shock measure. 
However, no physiologically substantiated vo-
lumes or rates of infusion solution administration 

Table 2. Dependence of inhalation time on respiratory rate and the ratio of “inhalation time : exhalation time”

Таблица 2. Зависимость времени вдоха от частоты дыханий и соотношения «время вдоха : время выдоха»

Частота дыхания в минуту
Respiratory rate in minute

Ti + Te (с)
Ti + Te (s)

Соотношение Тi:Te 
Ti:Te ratio

1,2:1 1:1 1:1,25 1:1,5 1:2 1:2,5 1:3 1:4

20 3 1,64 1,5 1,33 1,2 1 0,86 0,75 0,6

25 2,4 1,31 1,2 1,1 0,96 0,8 0,69 0,6 0,48

30 2 1,1 1 0,89 0,8 0,67 0,57 0,5 0,4

35 1,7 0,93 0,85 0,76 0,68 0,57 0,49 0,43 0,34

40 1,5 0,82 0,75 0,67 0,6 0,5 0,43 0,38 0,3

45 1,33 0,73 0,67 0,59 0,53 0,44 0,38 0,33 0,27

50 1,2 0,65 0,6 0,53 0,48 0,4 0,34 0,3 0,24

55 1,1 0,6 0,55 0,49 0,44 0,37 0,31 0,28 0,22

60 1 0,55 0,5 0,44 0,4 0,33 0,29 0,25 0,2

65 0,92 0,5 0,46 0,41 0,37 0,31 0,26 0,23 0,18

70 0,86 0,47 0,43 0,38 0,34 0,29 0,25 0,22 0,17

80 0,75 0,41 0,38 0,33 0,3 0,25 0,21 0,19 0,15
The table was compiled by the authors
Таблица составлена авторами
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exist for the neonatal period. For example, the al-
gorithm for resuscitation in the delivery room of 
a newborn with an Apgar score of 0 prescribes, 
after successful resuscitation, the intravenous 
administration of isotonic sodium chloride solu-
tion at 10�mL/kg over 10 minutes (i.e., at a rate 
of 60�mL/kg per hour!) [75]. In the absence of in-
travascular volume loss and with restored pump 
function of the cardiac chambers, such an emer-
gency rehydration regimen is regarded as a risk 
factor for pulmonary circulatory overload and 
acute kidney injury [76–79]. Moreover, the ab-
sence of the newborn's fi rst breath implies the 
absence of evacuation of fetal extravascular lung 
water, i.e., hyperhydration of the pulmonary inter-
stitium. The combination of a high total body wa-
ter content in the newborn, a large relative amount 
of extracellular water (40% of body weight), and 
rapid recirculation (at least 25 circulating blood 
volumes per day) gives rise to lability of the extra-
cellular compartment. It follows that the danger 
of hypervolemia of the pulmonary circulation due 
to rapid infusion combined with pulmonary inter-
stitial edema exceeds the danger of dehydration 
and hypovolemia [76, 77, 80, 81]. Hypovolemia in 
newborns, especially preterm infants, is, as a rule, 
a consequence not of blood loss but of capillary 
plasma leakage, and massive infusion is highly 
likely to exacerbate this leakage. In preterm new-
borns, already at the onset of NEC development, 
the high rate of water recirculation and the relative 
weakness of the left cardiac chambers create a 
risk of volume overload of the pulmonary circu-
lation, intestinal edema, and acute kidney injury 
[82–84]. Thus, the principle of judicious restric-
tion of infusion volumes and rates in newborns at 
risk of NEC, and even more so in those with an 
established process, appears lo gical.

The infusion therapy program is as follows.
1. Emergency rehydration: 10 mL/kg per 

hour until a mean arterial pressure of 40 mmHg 
is achieved (35 mmHg in newborns with a body 
weight less than 1500 g) and capillary refi ll time is 
≤3 s, but for no longer than 2 hours.

2. Maintenance rehydration: the physiological 
requirement on the fi rst day of life is no more than 
60 mL/kg, with a gradual increase in daily volumes 
to 135 mL/kg (for infants with a birth weight of 
at least 1500 g) or to 150 mL/kg (for preterm 
infants with a birth weight less than 1500 g) over 
12–14�days. Perspiration losses in open systems 
cannot be precisely determined (ranging from 1 to 

2.5 mL/kg per hour); in an incubator with a relative 
humidity above 75%, perspiration is negligible [70].

3. Composition: isotonic Sterofundin (Plas-
mafusol) in a volume that supplements the defi cit 
of oral or enteral feeding. If intravenous adminis-
tration of medications is necessary, they are ac-
counted for in the total rehydration volume.

4. Monitoring: determination of body weight 
at least twice daily with recording of the mean 
va lue (during the fi rst 5–7 days, a weight loss 
of 1% of birth weight per day indicates a normal 
rate of rehydration; from the eighth day onward, 
a weight gain in the same order should be ob-
served) and a urine output rate of no less than 
0.5 mL/kg per hour up to two days of life, and no 
less than 1 mL/kg per hour thereafter. Additional 
monitoring criteria include the absence of signs 
of right heart overload on electrocardiography/
echocardiography and the absence of signs of 
interstitial pulmonary edema, pneumatosis, and 
progressive thickening of the intestinal walls on 
ultrasound [85–88]. Along with monitoring of wa-
ter balance, it is necessary to monitor the levels 
of major ions in the blood plasma. Heart rate va-
riability analysis is rarely used but provides highly 
valuable information, refl ecting the balance of the 
autonomic nervous system [55, 78, 89].

6. Management of coagulopathies and correc-
tion of thrombocytopenia. In the neonatal period, 
factors that create a risk of both thrombosis and 
embolism and paradoxical bleeding are combined. 
The most important of these are: tissue factor 
(thromboplastin); antithrombin III defi ciency and an 
insuffi  cient rate of synthesis of its cofactor, heparin; 
insuffi  cient functional intensity of the cytochrome 
P450 system and the absence of an intestinal 
biocenosis, both of which are necessary for the 
activation of phytomenadione; a�high hematocrit; 
and biliary system overload with a defi ciency of 
glucuronic acid, which is engaged in the detoxi-
fi cation of bilirubin [90]. Microthrombosis of the 
capillaries of the mesentery and intestinal villi is an 
important factor in the progression of NEC. The ge-
nerally accepted class of drugs for the prevention of 
thrombotic complications is low-molecular-weight 
heparins (LMWHs). Subcutaneous administration of 
these agents is unacceptable in the neonatal period; 
therefore, the only method of LMWH administration 
in newborns is continuous intravenous infusion. 
These drugs should prefe rably be used prophy-
lactically in all newborns with manifestations of 
infectious processes or at risk of infectious lesions, 
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harnessing the following effects. These include 
blockade of TNFα expression, damping of platelet 
adhesive function, and an increase in the optical 
density of lipoproteins, which collectively reduce the 
activity of the infl ammatory cytokine cascade and 
the risk of cholestasis. The daily dose of nadroparin 
or enoxaparin (anti-Xa to anti-IIa activity ratio of 
4:1) may be 150–200�IU (anti-Xa)/kg or 2000 IU/m2; 
however, for preterm infants, weight-based doses 
are safer. For dalteparin, the dose is lower (125–
150 IU/kg), since the anti-Xa to anti-IIa activity 
ratio for this agent is 2:1. Monitoring is performed 
2–4 times per week (thrombocytosis, international 
normalized ratio [INR], D-dimer, bleeding time). 
Thrombocytopenia does not necessarily correlate 
with a reduction in the activity of vascular-platelet 
hemostasis, since platelets can break down into 
microvesicles whose adhesive properties exceed 
the activity of intact platelets [90, 91]. The admi-
nistration of platelet concentrate is indicated only in 
cases of overt bleeding against a background of pro-
found thrombocytopenia. The classical regimen for 
arresting hemorrhage in hemorrhagic disease of the 
newborn�— transfusion of fresh citrated blood and 
administration of phytomenadione (konakion)�— is 
also relevant for NEC. In cases of massive bleeding, 
tranexamic acid (20–100 mg/kg with a maintenance 
infusion of 10 mg/kg per hour), prothrombin com-
plex concentrate (25 IU/kg), and Coagil-VII (90�μg/kg 
with a maintenance infusion of 20 μg/kg per hour for up 
to 12�hours) are additionally employed. These agents 
are not used prophylactically.

7. Infrequently used and rarely employed 
measures. The use of lactulose is theoretically 
promising as a choleretic agent and a factor that 
enhances the activity of lactic acid fl ora and acidi-
fi es the contents of the large intestine. This reduces 
the toxicity of ammonia (i.e., promotes its migration 
into the intestinal lumen and conversion to ammo-
nium) and diminishes the activity of opportunistic 
fl ora, including anaerobic species. The hyperosmo-
larity of lactulose syrup (concentration 66.7%) must 
be taken into account; therefore, the daily dose 
(depending on the child's body weight, from 3 to 
5�mL) should be divided into four administrations 
via a nasogastric tube, with each portion diluted 5- 
to 10-fold. This means the preparation can be used 
during trophic feeding but not in fasting patients.

The use of dalargin, a Russian-developed drug 
created as a stress protector for the prevention and 
treatment of stress ulcers of the gastrointestinal 
tract, is highly effective. Dalargin is a synthetic ana-

logue of leu-enkephalin and is used in general an-
esthesia regimens as an opioid adjuvant, allowing 
a 30% reduction in opioid consumption [92, 93]; its 
use in the neonatal period has been described in 
rare publications [94–96]. Other proven properties 
of dalargin include antioxidant and antihypoxant ef-
fects, and it prolongs the half-life of surfactant [93]. 
The estimated dose is 0.2–0.4�mg/kg per day, ad-
ministered as a continuous infusion over 2–4 days.

SURGICAL TREATMENT

When there is doubt as to the necessity of 
laparotomy, laparoscopy is performed. In the 
presence or with a high probability of peritonitis, 
a palliative intervention — laparocentesis and 
drainage of the abdominal cavity — is indicated. 
Depending on the nature of the exudate ob-
tained, the indication for extending the surgical 
intervention is determined. After revision of the 
abdominal organs, economical (local) resection 
of the affected segment of the intestine with the 
creation of a double enterostomy or colostomy (or 
multiple stomas) is most expedient. The rationale 
for this tactic lies in preserving intestinal func-
tional activity sufficient for growth and develop-
ment [97]. Staged closure of the intestinal stomas 
is generally considered feasible 1–5�months after 
the initial operation. In the presence of isolated 
perforations (1–2 ulcers), suturing of the ulcera-
tive defects with a two-layer suture is performed. 
Resections of necrotized intestinal segments are 
completed by the formation of primary anasto-
moses. A combined surgical tactic (laparostomy 
in combination with intestinal stomas) is used 
in the presence of multiple, mosaically distribu-
ted subserosal necroses; the use of an isolated 
lapa rostomy is also justified. The placement of 
a polyvinyl chloride micro-irrigator, 0.2 to 0.4 cm 
in diameter, through a separate skin puncture is 
indicated. This allows for the administration of 
an antibio tic and a 0.5% metronidazole solution 
into the area of the local purulent-inflammatory 
focus. This method of passive sanitation is used 
for 3–4 days after surgery [98, 99].

SUGGESTIONS BASED ON THE ABOVE

1. Newborns with suspected NEC (stage Ia) 
should be managed in the intensive care unit (ICU) 
when the sum of scores on the following scales 
increases by 2 points per day from a baseline of 
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Table 3. Quantitative assessment of indications for transfer of a newborn with suspected necrotizing enterocolitis to 
the pediatric intensive care unit

Таблица 3. Количественная оценка показаний для перевода новорожденного с подозрением на некротический 
энтероколит в педиатрическое отделение реанимации и интенсивной терапии

Признаки
Signs 

Баллы
Points

0 1 2

Кожные покровы
Skin

Розовые
Pink

Мраморность
Mottling

Цианоз
Cyanosis

Ритм дыхания, частота дыхательных дви-
жений в минуту 
Respiratory rate, respiratory rate per minute

40–60 61–80 >80 или апноэ 
>80 or apnea

Время наполнения капилляров, с 
Capillary refi ll time, s

1–3 4 4

Гепатоспленомегалия
Hepatosplenomegaly

Нет
No

– Да
Yes

Перистальтика желудочно-кишечного 
тракта
 Gastrointestinal peristalsis

Живая
Brisk

Спорадическая 
Sporadic

Усиленная или отсутствует
Increased or absent

Прирост окружности живота, см
Abdominal circumference increase, cm

0–1 2 >2

Метеоризм
Flatulence

Нет 
No

Умеренный 
Moderate

Выраженный
Severe

Застой в желудке 
Gastric congestion

Нет
No

– Да
Yes

Кал
Stool

Обычный 
Normal

Жидкий
Liquid

Пенистый или отсутствует 
Foamy or absent

Кровотечение из желудочно-кишечного 
тракта 
Gastrointestinal bleeding

Нет
No

Скрытая кровь 
Occult blood

Явное
Obvious

Рвота (срыгивание) 
Vomition (regurgitation)

Нет 
No

1–2 раза за сутки
1–2 times per day

>2 раз за сутки
>2 times per day

Данные ультразвукового исследования
Ultrasound data

Норма
Normal

Повышенная эхоген-
ность кишечника 
Increased intestinal 
echogenicity

Пневматоз, утолщение стен-
ки кишки, билиопневматоз
Pneumatosis, intestinal wall 
thickening, biliopneumatosis

The table was compiled by the authors
Таблица составлена авторами
Note: 0–2 points — no translation required; 3 points — translation subject to agreement with the head of the intensive care unit; 
4 points — translation required.
Примечание: 0–2 балла — перевод не требуется; 3 балла — перевод по согласованию с заведующим отделением реанимации 
и интенсивной терапии; 4 балла — перевод обязателен.

0 points [100–105]. These scales include NEOMOD 
(Neonatal Multiple Organ Dysfunction Score, 
1999), pSOFA (pediatric Sequential Organ Failure 
Assessment, 2017), and aSOFA (adaptive Sequen-
tial Organ Failure Assessment, 2007). Table 3 is 
proposed for the formalization of indications.

2. The following should be mandatory compo-
nents of monitoring and intensive care:

• daily ultrasound of the abdominal cavity;
• continuous epidural anesthesia (alternatively, 

caudal anesthesia) with ropivacaine;

• the use of dalargin as a stress protector;
• prophylaxis of thromboembolic complica-

tions with low-molecular-weight heparin frac-
tions.

3. Stratifi cation and standardization of antibi-
otic therapy regimens are necessary:

• monotherapy or combination therapy with two 
(at most, three) agents;

• if any component of a combination is deemed 
ineffective, the entire combination should be 
replaced;
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• a judicious approach to microorganisms con-
taminating non-sterile body regions or iso-
lated from non-sterile sites as potential pa-
thogens;

• the development of and adherence to a proto-
col for probiotic administration.

4. If prolonged analgosedation is required, 
the routinely used spasmogenic opioid (fentanyl) 
should be replaced with an agent possessing spas-
molytic properties (trimeperidine) or, by decision 
of the medical committee, with dexmedetomidine. 
The prescribing information for dexmedetomidine 
does not contain a formal contraindication for use 
in children of any age.

5. Discontinue the use of agents that remain 
the subject of debate in the literature — sildenafi l, 
cholecalciferol, vikasol, and octreotide.

ADDITIONAL INFORMATION 

Authors' contribution. A.N. Shmakov — article 
concept development, article writing; K.V. Buda-
rova — article visualization, editing, and approval.

All authors made a substantial contribution to 
the conception of the study, acquisition, analysis, 
interpretation of data for the work, drafting and re-
vising the article, fi nal approval of the version to 
be published and agree to be accountable for all 
aspects of the study.

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

ДОПОЛНИТЕЛЬНАЯ ИНФОРМАЦИЯ 

Вклад авторов. А.Н. Шмаков — разработка 
концепции статьи, написание текста статьи; 
К.В. Бударова — визуализация, редактирова-
ние, утверждение текста статьи.

Все авторы внесли существенный вклад в 
разработку концепции, проведение исследо-
вания и подготовку статьи, прочли и одобрили 
финальную версию перед публикацией. 

Конфликт интересов. Авторы декларируют 
отсутствие явных и потенциальных конфлик-
тов интересов, связанных с публикацией на-
стоящей  статьи. 

REFERENCES

1. Aleksandrovich Yu.S., Ivanov D.O., Pshenisnov K.V. Sepsis 
of newborns. Saint Petersburg: SPbSPMU; 2018 176 p. (In 
Russ.).

2. Xiong T., Maheshwari A., Neu J., Ei-Saie A., Pammi M. An 
overview of systematic reviews of randomized-controlled 
trials for preventing necrotizing enterocolitis in preterm 
infants. Neonatology. 2020;117(1):46–56. https://doi.
org/10.1159/000504371.

3. Maier�R.F., Obladen�M. Intensive care of newborns. Evi-
dence and experience (translated from German). Moscow: 
MEDpress-inform; 2021. P. 140–231. (In Russ.).

4. Isayama T., Lee S.K., Mori R., Kusuda S., Fujimura M., 
Ye�X.Y. et al. Comparison of mortality and morbidity of 
very low birth weight infants between Canada and Ja-
pan. Pediatrics. 2012;130(4):e957–e965. https://doi.
org/10.1542/peds.2012-0336.

5. Alsaied A., Islam N., Thalib L. Global incidence of necroti-
zing enterocolitis: a systematic review and Meta-analysis. 
BMC Pediatr. 2020;20(1):344. https://doi.org/10.1186/
s12887-020-02231-5. 

6. Pankratieva L.L., Volodin N.N. Methodological prob-
lems of rehabilitation of premature children. Pedia-

tria. 2019;98(2):14–18. (In Russ.). https://doi.
org/10.24110/0031-403X-2019-98-2-14-18.

7. Jin Y.T., Duan Y., Deng X.K., Lin J. Prevention of necroti-
zing enterocolitis in premature infants�— an updated re-
view. World J Clin Pediatr. 2019;8(2):23–32. https://doi.
org/10.5409/wjcp.v8.i2.23.

8. Roberts A.G., Younge N., Greenberg R.G. Neonatal necroti-
zing enterocolitis: an update on pathophysiology, treat-
ment, and prevention. Paediatr Drugs. 2024;26(3):259–
275. https://doi.org/10.1007/s40272-024-00626-w.

9. Wu S., Di S., Liu T., Shi�Y. Emerging prediction methods 
for early diagnosis of necrotizing enterocolitis. Front Med 
(Lausanne). 2022;9:985219. https://doi.org/10.3389/
fmed.2022.985219.

10. Fundora J.B., Guha P., Shores D.R., Pammi M., Mahesh-
wari A. Intestinal dysbiosis and necrotizing enterocoli-
tis: assessment for causality using bradford hill criteria. 
Pediatr Res. 2020;87:235–248. https://doi.org/10.1038/
s41390-019-0482-9.

11. Kim S., Oh Y., Son J. et al. Machine learning-based anal-
ysis for prediction of surgical necrotizing ente rocolitis in 
very low birth weight infants using perinatal factors: a na-
tionwide cohort study. Eur J Pediatr. 2024;183(6):2743–
2751. https://doi.org/10.1007/s00431-024-05505-7.



A N E S T H E S I O L O G Y  A N D  R E S U S C I T A T I O N

CHILDREN’S MEDICINE of the North-West
ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)

Volume 14 N 1    2026190

12. Shulhan J., Dicken B., Hartling L., Larsen B.M. Current 
knowledge of necrotizing enterocolitis in preterm infants 
and the impact of different types of enteral nutrition pro-
ducts. Adv Nutr An Int Rev J. 2017;8(1):80–91. https://doi.
org/10.3945/an.116.013193.  

13. AlFaleh K., Anabrees J. Probiotics for prevention of 
necrotizing enterocolitis in preterm infants. Cochrane 
Database Syst Rev. 2014;(4):CD005496. https://doi.
org/10.1002/14651858.CD005496.pub4.

14. Gidrewicz D.A., Fenton T.R. A systematic review and 
meta-analysis of the nutrient content of preterm and 
term breast milk. BMC Pediatr. 2014;14:216. https://doi.
org/10.1186/1471-2431-14-216.

15. Hartel C., Hartz A., Pagel J. et al. NOD 2 loss-of-function 
mutations and risk of necrotizing enterocolitis or focal 
intestinal perforation in very low-birth-weight infants. 
Infl amm Bowel Dis. 2016;22(2):249–256. https://doi.
org/10.1097/MIB.0000000000000658.

16. Kessler U., Schulte F., Cholewa D., Nelle M., Schaefer S.C., 
Klimek P.M. Outcome in neonates with necrotizing en-
terocolitis and patent ductus arteriosus. World J Pediatr. 
2016;12(1):55–59. https://doi.org/10.1007/s12519-015-
0059-6.

17. Kort E.J. Patent Ductus arteriosus in the preterm infant: 
an update on morbidity and mortality. Curr Pediatr Rev. 
2016;12(2):98–105. https://doi.org/10.2174/157339631
202160506001621.

18. Morgan J., Young L., Mc Guire W. Slow advancement of en-
teral feed volumes to prevent necrotizing enterocolitis in 
very low birth weight infants. Cochrane Database Syst Rew. 
2015;(10):CD001241. https://doi.org/10.1002/14651858.
CD001241.pub6.

19. Hackam D.J., Sodhi C.P. Bench to bedside�— new insights 
into the pathogenesis of necrotizing enterocolitis. Nat Rev 
Gastroenterol Hepatol. 2022;19(7):468–479. https://doi.
org/10.1038/s41575-022-00594-x.

20. Mani S., Garg P.M., Pammi M. Do hematological biomar-
kers predict surgical necrotizing enterocolitis? Pediatr 
Res. 2024;95(7):1680–1682. https://doi.org/10.1038/
s41390-024-03066-x.

21. Cuna A., Morowitz M.J., Sampath V. Early antibiotics and 
risk for necrotizing enterocolitis in premature infants: 
A� narrative review. Front Pediatr. 2023;11:1112812. 
https://doi.org/10.3389/fped.2023.1112812.

22. Dierikx T.H., Deianova N., Groen J. et al. Association 
between duration of early empiric antibiotics and ne-
crotizing enterocolitis and late-onset sepsis in pre-
term infants: a multicenter cohort study. Eur J Pediatr. 
2022;181(10):3715–3724. https://doi.org/10.1007/
s00431-022-04579-5.

23. Lau C.S., Chamberlain R.S. Probiotic administration can 
prevent necrotizing enterocolitis in preterm infants: a 

meta-analysis. J Pediatr Surg. 2015;50(8):1405–1412. 
https://doi.org/10.1016/j.jpedsurg.2015.05.008.

24. Hui Y., Smith B.,� Mortensen M.S., Krych L., Sø-
rensen� S.J.,� Greisen G.,�  Krogfelt K.A.,�  Nielsen D.S. 
The effect of early probiotic exposure on the preterm 
infant gut microbiome development. Gut Microbes. 
2021;13(1):1951113. https://doi.org/10.1080/1949097
6.2021.1951113.

25. Havranek T., Rahimi M., Hall H., Armbrecht E. Fe-
eding preterm neonates with patent ductus arterio-
sus (PDA): Intestinal blood flow characteristics and 
clinical outcomes. J Matern Neonatal Med Informa 
Healthcare. 2015;28(5):526–530. https://doi.org/10
.3109/14767058.2014.923395.

26. Mitra S., Scrivens A., von Kursell A.M., Disher T. 
Early� treatment versus expectant management 
of hemodynamically significant patent ductus 
arteriosus for preterm infants. Cochrane Data-
base Syst Rev. 2025;6(6):CD013278. https://doi.
org/10.1002/14651858.CD013278.pub3.

27. Mitra S., de Boode W.P., Weisz D.E., Shah P.S. Inter-
ventions for patent ductus arteriosus (PDA) in preterm 
infants: an overview of Cochrane Systematic Reviews. 
Cochrane Database Syst Rev. 2023;11;4(4):CD013588. 
https://doi.org/10.1002/14651858.CD013588.pub2.

28. Kaplina�A.V., Petrova�N.A., Pervunina�T.M., Khavkin�A.I., 
Surkov�A.N., Nazarenko�L.P. et al. Necrotizing entero-
colitis: pathogenetic features and differential diagnosis 
with infl ammatory bowel disease in newborns. Current 
Pediatrics. 2024;23(6):438–446. (In Russ.). https://doi.
org/10.15690/vsp.v23i6.2830.

29. Zozaya C., González G., Avila-Alvarez A. et al. Incidence, 
treatment, and outcome trends of necrotizing enterocolitis 
in preterm infants: a multicenter cohort study. Front Pediatr. 
2020;8:188. https://doi.org/10.3389/fped.2020.00188.

30. Lu P., Gong X., Gu X., Jiang S., Cao Y., Sun C. et al. Mortality 
and extrauterine growth restriction of necrotizing entero-
colitis in very preterm infants with heart disease: a multi-
center cohort study. Eur J Pediatr. 2024;183(8):3579–
3588. https://doi.org/10.1007/s00431-024-05599-z.

31. Walsh M.C., Kliegman R.M. Necrotizing enterocolitis: 
treatment based on staging criteria. Pediatr Clin North Am. 
1986;33(1):179–201. https://doi.org/10.1016/s0031-
3955(16)34975-6.

32. Jia L., Li Z., Zhu H., Ye X., Luo S., Wang Q. The diagnos-
tic value of abdominal ultrasound in the progression of 
necrotizing enterocolitis in low-birth-weight neonates. 
Medicine (Baltimore). 2025;104(43):e45427. https://doi.
org/10.1097/MD.0000000000045427.

33. Chen S., Hu Y., Liu Q., Li X., Wang H., Wang K. Comparison 
of abdominal radiographs and sonography in prognostic 
prediction of infants with necrotizing enterocolitis. Pediatr 



А Н Е С Т Е З И О Л О Г И Я  И  Р Е А Н И М А Т О Л О Г И Я

ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)

CHILDREN’S MEDICINE of the North-West 2026    Том 14 № 1 191

Surg Int. 2018;34(5):535–541. https://doi.org/10.1007/
s00383-018-4256-y.

34. Chen J., Mu F., Gao K., Yan C., Chen G., Guo C. Value of ab-
dominal ultrasonography in predicting intestinal resection 
for premature infants with necrotizing enterocolitis. BMC 
Gastroenterol. 2022;22(1):524. https://doi.org/10.1186/
s12876-022-02607-0.

35. May L.A., Epelman M., Daneman A. Ultrasound for ne-
crotizing enterocolitis: how can we optimize imaging 
and what are the most critical fi ndings? Pediatr Radiol. 
2023;53(7):1237–1247. https://doi.org/10.1007/s00247-
022-05545-x.

36. Hegedus C., Essex C., Vincent K., Shifl ett A., Spence L., 
Hill J., Chetta K.E. A standardized universal protocol for 
using adjunct abdominal ultrasound at the time of diag-
nosis for suspected necrotizing enterocolitis. Pediatr Ra-
diol. 2025;55(13):2823–2831. https://doi.org/10.1007/
s00247- 025-06408-x.

37. Agakidou E., Agakidis C., Gika H., Sarafi dis K. Emerging 
bio markers for prediction and early diagnosis of ne-
crotizing enterocolitis in the era of metabolomics and 
proteomics. Front Pediatr. 2020;8(8):602255. https://doi.
org/10.3389/fped.2020.602255.

38. ElMeneza S., Okasha A., El-Hafez M.A., Hussein N. Is-
chemia-modifi ed albumin as a novel marker for diagnosis 
of necrotizing enterocolitis in newborn infants. J Pediatr 
Neonat Individual Med. 2021;10(2):e100205. https://doi.
org/10.7363/100205.

39. Chaaban H., Shin M., Sirya E., Lim Y.-P., Caplan M., Pad-
bury J.F. Inter-alpha inhibitor protein level in neonates pre-
dicts necrotizing enterocolitis. J Pediatr. 2010;157(5):757–
761. https://doi.org/10.1016/j.jpeds.2010.04.075.

40. Goldstein G.P., Sylvester K.G. Biomarker discovery and uti-
lity in necrotizing enterocolitis. Clin Perinatol. 2019;46(1):
1–17. https://doi.org/10.1016/j.clp.2018.10.001.

41. Sharif S.P., Friedmacher F., Amin A., Zaki R.A., 
Hird� M.F., Khashu M., Phelps S.R. Low serum albu-
min concentration predicts the need for surgical in-
tervention in neonates with necrotizing enterocolitis. 
J Pediatr Surg. 2020;55(12):2625–2629. https://doi.
org/10.1016/j.jpedsurg.2020.07.003.

42. Palleri E., Frimmel V., Fläring U. et al. Hyponatremia at the 
onset of necrotizing enterocolitis is associated with intesti-
nal surgery and higher mortality. Eur J Pediatr. 181(4):1557–
1565. https://doi.org/10.1007/s00431-021-04339-x.

43. Arbra C.A., Oprisan A., Wilson D.A., Ryan R.M., Le-
sher� A.P. Time to reintroduction of feeding in infants 
with nonsurgical necrotizing enterocolitis. J Pediatr 
Surg. 2018;53:1187–1191. https://doi.org/10.1016/j.
jpedsurg.2018.02.082.

44. Guyton A.K., Hall J.E. Medical Physiology. Translate from 
English. Moscow: Logosfera; 2018. 1328 p. (In Russ.). 

45. Vincent J.-L. Textbook of critical care (7th edit.; b II). Else-
vier; 2017. P. 1192–1200.

46. Ionov O.V., Balashova E.N., Lenyushkina A.A., Kirt-
baya�A.R., Kuhartseva M.V., Zubkov V.V. Show vs fast 
advancetement of enteral feeding in very low body weight 
infants in neonatal intensive care unit. Neonatology: news, 
opinions, training. 2015;4(10):73–81. (In Russ.).

47. Sadrudin Premji S., Chessell L., Stewart F. Con-
tinuous nasogastric milk feeding versus intermittent 
bolus milk feeding for preterm infants less 
than 1500� grams. Cochrane Database Syst Rev. 
2021;6(6):CD001819. https://doi.org/10.1002/14651858.
CD001819.pub3.

48. Robinson D.T., Calkins K.L., Chen Y. et al. Guidelines 
for parenteral nutrition in preterm infants: the Ameri-
can society for parenteral and enteral nutrition. JPEN J 
Parenter Enteral Nutr. 2023;47(7):830–858. https://doi.
org/10.1002/jpen.2550.

49. Phongpreecha T., Ghanem M., Reiss J.D. et al. AI-guided 
precision parenteral nutrition for neonatal intensive 
care units. Nat Med. 2025;31(6):1882–1894. https://doi.
org/10.1038/s41591-025-03601-1.

50. Asfour S.S, Alshaikh B., AlMahmoud L. et al. SMOFlipid 
impact on growth and neonatal morbidities in very pre-
term infants. Nutrients. 2022;14(19):3952. https://doi.
org/10.3390/nu14193952.

51. Hu X., Liang H., Li F., Zhang R., Zhu Y., Zhu X., Xu Y. 
Necrotizing enterocolitis: current understanding of 
the prevention and management. Pediatr Surg Int. 
2024;10;40(1):32. https://doi.org/10.1007/s00383-023-
05619-3.

52. Evidence-Based Medicine Group. Clinical guidelines for 
the diagnosis and treatment of neonatal necrotizing ente-
rocolitis. Zhongguo Dang Dai Er Ke Za Zhi. 2021;23(1):1–
11. https://doi.org/10.7499/j.issn.1008-8830.2011145.

53. Beloborodov�V.B., Goloshchapov�O.V., Gusarov�V.G., Dekh-
nich�A.V., Zamyatin�M.N., Zolotukhin�K.N. et al. Diagnosis 
and antimicrobial therapy of infections caused by polyre-
sistant microorganisms (updated 2024). Messenger of 
Anesthesiology and Resuscitation. 2025;22(2):149–189. 
(In Russ.). https://doi.org/10.24884/2078-5658-2025-22-
2-149-189.

54. Pace E., Yanowitz T.D., Waltz P., Morowitz M.J.�An-
tibiotic therapy and necrotizing enterocolitis. Semin 
Pediatr Surg. 2023;32(3):151308. https://doi.
org/10.1016/j.sempedsurg.2023.151308.

55. Janaillac M., Beausoleil T.P., Barrington K.J., Rabois-
son�M.-J., Karam O., Dehaes M., Lapointe�A. Correlations 
between near-infrared spectroscopy, perfusion index, and 
cardiac outputs in extremely preterm infants in the fi rst 
72�h of life. Eur J Pediatr. 2018;177(4):541–550. https://
doi.org/10.1007/s00431-018-3096-z.



A N E S T H E S I O L O G Y  A N D  R E S U S C I T A T I O N

CHILDREN’S MEDICINE of the North-West
ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)

Volume 14 N 1    2026192

56. El-Khuffash A., McNamara P.J. Hemodynamic assess-
ment and monitoring of premature infants. Clin Perina-
tol. 2017;44(2):377–393. https://doi.org/10.1016/j.
clp.2017.02.001.

57. Laan M.E., Roofthooft M.T.R., Fries M.W.A., Schat T.E., 
Bos A.F., Berger R.M.F., Kooi� E.M.W. Multisite Tissue 
oxygenation monitoring indicates organ-specifi c fl ow 
distribution and oxygen delivery related to low cardiac 
output in preterm infants with clinical sepsis. Pediatr Crit 
Care Med. 2016;17(8):764–771. https://doi.org/10.1097/
PCC.0000000000000833.

58. Johnston N., Waal de K. Clinical and haemodynamic cha-
racteristics of preterm infants with early onset sepsis. 
J"Paediatr Child Health. 2022;58(12):2267–2272. https://
doi.org/10.1111/jpc.16218.

59. Nissimov S., Joye S., Kharrat A., Zhu F., Ripstein G., 
Baczynski M. et al. Dopamine or norepinephrine for sep-
sis-related hypotension in preterm infants: a retrospec-
tive cohort study. Eur J Pediatr. 2023;182(3):1029–1038. 
https://doi.org/10.1007/s00431-022-04758-4.

60. Khalesi N., Choobdar F.A., Khorasani M. et al. Accuracy 
of oxygen saturation index in determining the severity of 
respiratory failure among preterm infants with respira-
tory distress syndrome. J Matern Fetal Neonatal Med. 
2021;34(14):2334–2339. https://doi.org/10.1080/1476
7058.2019.1666363.

61. Rawat M., Chandrasekharan P.K., Williams A. et al. Oxy-
gen saturation index and severity of hypoxic respiratory 
failure. Neonatology. 2015;107(3):161–166. https://doi.
org/10.1159/000369774.

62. Severinghaus J.W., Kelleher J.F. Recent developments 
in pulse oximetry. Anesthesiology. 1992;76(6):1018–
1038. https://doi.org/10.1097/00000542-199206000-
00024.

63. Agakidou E., Chatziioannidis I., Kontou A., Stathopou-
lou�T., Chotas W., Sarafi dis�K. An update on pharmaco-
logic management of neonatal hypotension: when, why, 
and which medication. Children (Basel). 2024;11(4):490. 
https://doi.org/10.3390/children11040490.

64. Clinical recommendations. Neonatology. Volodin N.N., 
Degtyarev D.N., Kryuchko D.S., eds. Moscow: GEOTAR-
Media; 2020. 320 p. (In Russ.).

65. Antonov A.G., Avdeeva O.V., Babaka O.A. et al. Neonato-
logy: clinical guidelines. Volodin N.N. et al., eds. Moscow: 
GEOTAR-Media; 2019. 319 p. (In Russ.).

66. Dini G., Ceccarelli S., Celi F. Strategies for the pre-
vention of bronchopulmonary dysplasia. Front Pe-
diat. 2024:12:1439265. https://doi.org/10.3389/fped.
2024.1439265.

67. Aleksandrovich Yu.S., Pshenisnov K.V. Respiratory sup-
port in critical conditions in pediatrics and neonatology. 
Moscow: GEOTAR-Media; 2020. 272 p. (In Russ.). 

68. Thome U.H., Genzel-Boroviczeny O., Bohnhorst B., 
Schmid�M. et al. PHELBI Study Group Permissive hyper-
capnia in extremely low birthweight infants (PHELBI): a 
randomized controlled multicentre trial. Lancet Respir 
Med. 2015;3(7):534–543. https://doi.org/10.1016/
S2213-2600(15)00204-0.

69. Ackermann B.W, Klotz D., Hentschel R., Thome U.H., 
Kaam�A.H. High-frequency ventilation in preterm infants 
and neonates. Pediatr Res. 2023;93(7):1810–1818. 
https://doi.org/10.1038/s41390-021-01639-8.

70. Nof E., Heller-Algazi M., Coletti F., Waisman D., Josué�S. 
Ventilation-induced jet suggests biotrauma in recon-
structed airways of the intubated neonate. J R Soc Inter-
face. 2020;17(162):20190516. https://doi.org/10.1098/
rsif.2019.0516.

71. Abdel-Hady� H., Shouman B. Permissive hypercapnia 
in extremely low-birthweight infants: how far should 
we go? Acta Paediatr. 2017;106(6):1011. https://doi.
org/10.1111/apa.13727.

72. Shmakov A.N., Budarova K.V., Elizar’eva N.L., Kokhno�V.N. 
Evaluation of deadspace effects created by heat and 
moisture exchange fi lter during artifi cial lung ventila-
tion in newborns. Siberian Scientifi c Medical Journal. 
2022;42(5):69–73. (In Russ.). https://doi.org/10.18699/
SSMJ20220509.

73. Aleksandrovich Yu.S., Pechueva O.A., Pshenisnov K.V., 
Hienas V. Estimation of recruitment maneuver effi  ciency 
in premature infants with respiratory distress syndrome. 
Neonatology: news, opinions, training. 2014;4(6):87–93. 
(In Russ.).

74. Tsurukawa S., Zuiki M., Naito Y., Kitamura K., Matsumu-
ra U., Kanayama T. et al. Oxygenation saturation index 
in neonatal hypoxemic respiratory failure. Pediatr Int. 
2024;66(1):715–753. https://doi.org/10.1111/ped.15753.

75. Neonatal resuscitation and stabilization in delivery room. 
Methodological letter. E.N. Baibarina, ed. (Moscow, 2020). 
Neonatology: news, opinions, training. 2020;8(1):34–52. 
(In Russ.).

76. Prometnoi�D.V., Aleksandrovich�Yu.S., Pshenisnov�K.V. 
Fluid Overload as a predictor of lethal outcome in criti-
cally-ill children. General Reanimatology. 2019;15(1):12–
26. (In Russ.). https://doi.org/10.15360/1813-9779-2019-
1-12-26.

77. Ivanov�D.O., Kozlova�L.V., Derevtsov�V.V., Priyma�N.F. 
Assesssment of the cardiovascular system state in 
newborns with intrauterine grow threstriction. Transla-
tional Medicine. 2016;3(5):53–63. (In Russ.). https://doi.
org/10.18705/2311-4495-2016-3-5-53-63.

78. Budarova K.V., Shmakov A.N., Elizar’eva N.L., Kokh-
no� V.N. Reaction pattern of the autonomic nervous 
system to the infusion load in the intensive care in 
children: a prospective comparative study. Annals of 



А Н Е С Т Е З И О Л О Г И Я  И  Р Е А Н И М А Т О Л О Г И Я

ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)

CHILDREN’S MEDICINE of the North-West 2026    Том 14 № 1 193

Critical Care. 2022;(3):133–144. (In Russ.). https://doi.
org/10.21320/1818-474X-2022-3-133-144.

79. Li Y., Wang J., Bai Z., Chen J., Wang X., Pan J., Li X., 
Feng�X. Early fl uid overload is associated with acute kid-
ney injury and PICU mortality in critically ill children. Eur 
J Pediatr. 2015;175(1):39–48. https://doi.org/10.1007/
s00431-015-2592-7.

80. Vazemiller�O.A., Vaganov�A.A., Golubenko�N.K., Aksano-
va�R.Kh., Salmina�A.B., Emelyanchik�E.Yu. Diagnostics of 
myocardial damage in premature newborns with transient 
heart disease in the early neonatal period. Russian Bulle-
tin of Perinatology and Pediatrics. 2019;64(5):38–43. (In 
Russ.). https://doi.org/10.21508/1027-4065-2019-64-5-
38-43.

81. Irmak K., Tuten N., Karaoglu G. et al. Evaluation of cord 
blood creatine kinase (CK), cardiac troponin T (cTnT), 
N-terminal-pro-B-type natriuretic peptide (NT-proBNP), 
and s100B levels in nonreassuring foetal heart rate. J Ma-
tern Fetal Neonatal Med. 2021;34(8):1249–1254. https://
doi.org/10.1080/14767058.2019.1632285.

82. Budarova�K.V., Shmakov�A.N. significance of markers 
of transient myocardial ischemia and hemodynamic 
overload in critically ill neonates. Messenger of Anes-
thesiology and Resuscitation. 2022;19(5):79–86. (In 
Russ.). https://doi.org/10.21292/2078-5658-2022-19-
5-79-86.

83. Budarova K.V., Shmakov A.N., Sergeev S.A., Kokhno V.N., 
Elizar’eva N.L. Diagnosis and correction of cardiorenal-
syndrome in neonatal surgery. Children’s Medicine of the 
North-West. 2025;13(4):173–183. (In Russ.). https://doi.
org/10.56871/CmN-W.2025.56.14.013.

84. Pervunina�T.M., Vasichkina�E.S., Erman�M.V. Personalized 
approach in the management of children with cardiorenal 
syndrome (combined congenital heart and kidney defects). 
Russian Journal for Personalized Medicine. 2023;3(2):77–
81. (In Russ.). https://doi.org/10.18705/2782-3806-2023-
3-2-77-81.

85. Singh Y., Tissot C., Fraga M.V. International evi-
dence-based guidelines on Point of Care Ultrasound 
(POCUS) for critically ill neonates and children issued 
by the POCUS Working Group of the European Society 
of Paediatric and Neonatal Intensive Care (ESPNIC). Crit 
Care. 2020;24(1):65. https://doi.org/10.1186/s13054-
020-2787-9.

86. Alyanov I.A., Budarova K.V., Sirota S.I., Shmakov A.N. 
Cumulative balance of infusion therapy for newborns 
with necrotic enterocolitis. Siberian Scientifi c Medical 
Journal. 2018;38(3):66–70. https://doi.org/�10.15372/
SSMJ20180310. (In Russ.).

87. Budarova K.V., Shmakov A.N., Yakovleva Yu.V. Objectifi -
cation of choosing albumin transfusion regimen in new-
borns during intensive care. Siberian Scientifi c Medical 

Journal. 2025;45(2):142–150. (In Russ.). https://doi.
org/10.18699/SSMJ20250215.

88. Kucherov Yu.I., Zhirkova Yu.V., Nasser M.M. Intraopera-
tive infusion therapy in newborns. Russian Journal of Pedi-
atric Surgery. 2018;22(3):130–134. (In Russ.). https://doi.
org/10.18821/1560-9510-2018-22-3-130-134.

89. Budarova K.V., Shmakov A.N. Heart rate variability in�new-
borns with cardiorespiratory failure. Russian Journal of 
Anesthesiology and Reanimatology. 2021;(1):25-31. 
(In� Russ.). https://doi.org/10.17116/anaesthesiolo-
gy202101125.

90. Kuznik�B.I., Sturov�V.G., Maksimova�O.G. Hemorrhagic and 
thrombotic diseases and syndromes in children. Novosi-
birsk: Nauka Publ; 2012. 456 p. (In Russ.).

91. Shmakov A.N., Budarova K.V., Danchenko S.V. Depen-
dence of newborns homeostasis on the quality compo-
sition of basic infusion therapy. Medicine: Theory and 
Practice. 2018;3(4):222–226. (In Russ.).

92. Zabolotskikh I.B., Chuprin S.V., Kurzanov A.N. Dose-
depen dent effects of dalargin in anesthesiology and in-
tensive care. Vestnik intensivnoy terapii. 2002;(4):50–52. 
EDN: QBTIAZ. (In Russ.). 

93. Luboshevsky P.A. General anesthesia with dalargin 
and tranexamic acid in microendoscopic endonasal 
surgeries. Abstract of a PhD Thesis. Moscow; 2003. 
25 p. (In Russ.).

94. Bichenov R.G., Slepushkin V.D., Mildzikhov G.K. Effect of 
dalargin on gas exchange functions of the lungs in new-
borns with respiratory distress syndrome. Proceedings 
of the VI Congress of Pediatricians of Russia. Moscow; 
2000. P. 61–62. (In Russ.).

95. Shmakov A.N., Danchenko S.V., Kasymov V.A. Dalargin 
in intensive therapy of children in critical conditions. Chil-
dren’s medicine of the North-West. 2012;3(1):41–44. (In 
Russ.).

96. Shmakov A.N., Kasymov V.A., Kasymov V.A., Kokhno V.N. 
Adjuvants to the treatment of acute cerebral insuffi  ciency 
in newborns. S.S."Korsakov Journal of Neurology and"Psy-
chiatry. 2011;111(2):60–63. (In�Russ.).

97. Brindle�M.E., McDiarmid�C., Short K., Miller�K., MacRo-
bie�A. et al. Consensus guidelines for perioperative care 
in neonatal intestinal surgery: Enhanced Recovery After 
Surgery (ERAS) Society Recommendations. World J Surg. 
2020;44(8):2482–2492. https://doi.org/10.1007/s00268-
020-05530-1.

98. Rao S.C., Basani L., Simmer K., Samnakay N., Desh-
pande�G. Peritoneal drainage versus laparotomy as ini-
tial surgical treatment for perforated necrotizing entero-
colitis of spontaneous intestinal perforation in preterm 
low birth weight infants. Cochrane Database Syst Rew. 
2011;(6):CD006182. https://doi.org/10.1002/14651858.
CD006182.pub2.



A N E S T H E S I O L O G Y  A N D  R E S U S C I T A T I O N

CHILDREN’S MEDICINE of the North-West
ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)

Volume 14 N 1    2026194

99. Park J.S., Jeong S.-A., Seo J.H., Lim J.Y., Woo H.O., 
Youn H.S., Park C.-H. Risk factors and effects of se-
vere late-onset hyponatremia on long-term growth of 
prematurely born infants. Pediatr Gastroenterol Hepatol 
Nutr. 2020;23(5):472–483. https://doi.org/10.5223/
pghn.2020.23.5.472.

100. Budarova K.V., Shmakov A.N., Sirota S.I. Comparison 
of information value of the scale estimating multiple 
organ failure in newborns with necrotizin enterocoli-
tis. Russian Journal of Pediatric Surgery, Anesthesia 
and Intensive Care. 2017;VII(3):81–85. (In Russ.). 
EDN:�ZXHMRZ.

101. Budarova K.V., Shmakov A.N., Elizar’eva N.L., Kokh-
no�V.N. Objectifi cation of the prognosis of postoperative 
outcomes in abdominal surgery of the newborn. Annals 
of Critical Care. 2019;(3):65–68. (In Russ.). https://doi.
org/10.21320/1818-474X-2019-3-65-68.

102. Budarova K.V., Shmakov A.N., Elizaryeva N.L., Kokh-
no�V.N. Prognostic model as a method of formalization 
the results of the outcomes of critical conditions in new-
born surgery. Sibirskij Medicinskij Vestnik. 2018;(3):3–8. 
(In Russ).

103. Janota J., Simak J., Stranak Z., Matthews T., Clarke T., 
Corcoran D. Critically ill newborns with multiple organ 
dysfunction: assessment by NEOMOD score in a tertiary 
NICU. Irish J Med Sci. 2008;177(1):11–17. https://doi.
org/10.1007/s11845-008-0115-5. 

104. Wynn J.L., Kelly M.S., Benjamin D.K., Clark R.H., Green-
berg�R., Benjamin Jr. D.K., Smith P.B. Timing of multior-
gan dysfunction among hospitalized infants with fatal 
fulminant sepsis. Am J Perinatol. 2017;34(7):633–639. 
https://doi.org/10.1055/s-0036-1597130. 

105. Matics T.J., Sanchez-Pinto L.N. Adaptation and valida-
tion of a pediatric sequential organ failure asses sment 
score and evaluation of the Sepsis-3 definitions in criti-
cally ill children. JAMA Pediatr. 2017;171(10):e172352. 
ht tps://doi .org/10.1001/jamapediatr ics.2017.
2352.

Л ИТЕРАТУРА 

1. Александрович Ю.С., Иванов Д.О., Пшениснов К.В. 
Сепсис новорожденных. СПб.: СПбГПМУ; 2018. 
176 с.

2. Xiong T., Maheshwari A., Neu J., Ei-Saie A., Pammi M. 
An�overview of systematic reviews of randomized-con-
trolled trials for preventing necrotizing enterocolitis in pre-
term infants. Neonatology. 2020;117(1):46–56. https://
doi.org/10.1159/000504371.

3. Майер Р.Ф., Обладен М. Интенсивная терапия ново-
рожденных. Доказательность и опыт. Пер. с нем. М.: 
МЕДпресс-информ; 2021. С. 140–231.

4. Isayama T., Lee S.K., Mori R., Kusuda S., Fujimura M., 
Ye�X.Y. et al. Comparison of mortality and morbidity of 
very low birth weight infants between Canada and Ja-
pan. Pediatrics. 2012;130(4):e957–e965. https://doi.
org/10.1542/peds.2012-0336.

5. Alsaied A., Islam N., Thalib L. Global incidence of necroti-
zing enterocolitis: a systematic review and Meta-analysis. 
BMC Pediatr. 2020;20(1):344. https://doi.org/10.1186/
s12887-020-02231-5. 

6. Панкратьева Л.Л., Володин Н.Н. Методологические 
проблемы реабилитации недоношенных детей. Педиа-
трия. 2019;98(2):14–18. https://doi.org/10.24110/0031-
403X-2019-98-2-14-18. 

7. Jin Y.T., Duan Y., Deng X.K., Lin J. Prevention of 
necrotizing enterocolitis in premature infants� — an 
updated review. World J Clin Pediatr. 2019;8(2):23–32. 
https://doi.org/10.5409/wjcp.v8.i2.23.

8. Roberts A.G., Younge N., Greenberg R.G. Neonatal 
necrotizing enterocolitis: an update on pathophysiology, 
treatment, and prevention. Paediatr Drugs. 2024;
26(3):259–275. https://doi.org/10.1007/s40272-024-
00626-w.

9. Wu S., Di S., Liu T., Shi�Y. Emerging prediction methods 
for early diagnosis of necrotizing enterocolitis. Front Med 
(Lausanne). 2022;9:985219. https://doi.org/10.3389/
fmed.2022.985219.

10. Fundora J.B., Guha P., Shores D.R., Pammi M., Mahesh-
wari�A. Intestinal dysbiosis and necrotizing enterocolitis: 
assessment for causality using bradford hill criteria. 
Pediatr Res. 2020;87:235–248. https://doi.org/10.1038/
s41390-019-0482-9.

11. Kim S., Oh Y., Son J. et al. Machine learning-based analysis 
for prediction of surgical necrotizing enterocolitis in 
very low birth weight infants using perinatal factors: a 
nationwide cohort study. Eur J Pediatr. 2024;183(6):2743–
2751. https://doi.org/10.1007/s00431-024-05505-7. 

12. Shulhan J., Dicken B., Hartling L., Larsen B.M. Current 
knowledge of necrotizing enterocolitis in preterm infants 
and the impact of different types of enteral nutrition 
products. Adv Nutr An Int Rev J. 2017;8(1):80–91. https://
doi.org/10.3945/an.116.013193.  

13. AlFaleh K., Anabrees J. Probiotics for prevention of 
necrotizing enterocolitis in preterm infants. Cochrane 
Database Syst Rev. 2014;(4):CD005496. https://doi.
org/10.1002/14651858.CD005496.pub4.

14. Gidrewicz D.A., Fenton T.R. A systematic review and 
meta-analysis of the nutrient content of preterm and 
term breast milk. BMC Pediatr. 2014;14:216. https://doi.
org/10.1186/1471-2431-14-216.

15. Hartel C., Hartz A., Pagel J. et al. NOD 2 loss-of-function 
mutations and risk of necrotizing enterocolitis or focal 
intestinal perforation in very low-birth-weight infants. 



А Н Е С Т Е З И О Л О Г И Я  И  Р Е А Н И М А Т О Л О Г И Я

ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)

CHILDREN’S MEDICINE of the North-West 2026    Том 14 № 1 195

Infl amm Bowel Dis. 2016;22(2):249–256. https://doi.
org/10.1097/MIB.0000000000000658.

16. Kessler U., Schulte F., Cholewa D., Nelle M., Schaefer S.C., 
Klimek P.M. Outcome in neonates with necrotizing 
enterocolitis and patent ductus arteriosus. World J Pedi-
atr. 2016;12(1):55–59. https://doi.org/10.1007/s12519-
015-0059-6.

17. Kort E.J. Patent Ductus arteriosus in the preterm infant: 
an update on morbidity and mortality. Curr Pediatr Rev. 
2016;12(2):98–105. https://doi.org/10.2174/157339631
202160506001621.

18. Morgan J., Young L., Mc Guire W. Slow advancement of en-
teral feed volumes to prevent necrotizing enterocolitis in 
very low birth weight infants. Cochrane Database Syst Rew. 
2015;(10):CD001241. https://doi.org/10.1002/14651858.
CD001241.pub6.

19. Hackam D.J., Sodhi C.P. Bench to bedside�— new insights 
into the pathogenesis of necrotizing enterocolitis. Nat Rev 
Gastroenterol Hepatol. 2022;19(7):468–479. https://doi.
org/10.1038/s41575-022-00594-x.

20. Mani S., Garg P.M., Pammi M. Do hematological biomar-
kers predict surgical necrotizing enterocolitis? Pediatr 
Res. 2024;95(7):1680–1682. https://doi.org/10.1038/
s41390-024-03066-x.

21. Cuna A., Morowitz M.J., Sampath V. Early antibiotics and 
risk for necrotizing enterocolitis in premature infants: 
A� narrative review. Front Pediatr. 2023;11:1112812. 
https://doi.org/10.3389/fped.2023.1112812.

22. Dierikx T.H., Deianova N., Groen J. et al. Associa-
tion between duration of early empiric antibiotics and 
necrotizing enterocolitis and late-onset sepsis in pre-
term infants: a multicenter cohort study. Eur J Pediatr. 
2022;181(10):3715–3724. https://doi.org/10.1007/
s00431-022-04579-5.

23. Lau C.S., Chamberlain R.S. Probiotic administration can 
prevent necrotizing enterocolitis in preterm infants: a 
meta-analysis. J Pediatr Surg. 2015;50(8):1405–1412. 
https://doi.org/10.1016/j.jpedsurg.2015.05.008.

24. Hui Y., Smith B.,� Mortensen M.S., Krych L., Søren-
sen�S.J.,�Greisen G.,� Krogfelt K.A.,� Nielsen D.S. The effect 
of early probiotic exposure on the preterm infant gut micro-
biome development. Gut Microbes. 2021;13(1):1951113. 
https://doi.org/10.1080/19490976.2021.1951113.

25. Havranek T., Rahimi M., Hall H., Armbrecht E. Feed-
ing preterm neonates with patent ductus arteriosus 
(PDA): Intestinal blood fl ow characteristics and clinical 
outcomes. J Matern Neonatal Med Informa Healthcare. 
2015;28(5):526–530. https://doi.org/10.3109/14767058.
2014.923395.

26. Mitra S., Scrivens A., von Kursell A.M., Disher T. Early 
treatment versus expectant management of hemodynami-
cally signifi cant patent ductus arteriosus for preterm in-

fants. Cochrane Database Syst Rev. 2025;6(6):CD013278. 
https://doi.org/10.1002/14651858.CD013278.pub3.

27. Mitra S., de Boode W.P., Weisz D.E., Shah P.S. Inter-
ventions for patent ductus arteriosus (PDA) in preterm 
infants: an overview of Cochrane Systematic Reviews. 
Cochrane Database Syst Rev. 2023;11;4(4):CD013588. 
https://doi.org/10.1002/14651858.CD013588.pub2.

28. Каплина А.В., Петрова Н.А., Первунина Т.М., Хав-
кин�А.И., Сурков А.Н., Назаренко Л.И. и др. Некроти-
зирующий энтероколит: особенности патогенеза и 
дифференциальная диагностика с воспалительными 
заболеваниями кишечника у новорожденных. Во-
просы современной педиатрии. 2024;23(6):438–446. 
https://doi.org/10.15690/vsp.v23i6.2830.

29. Zozaya C., González G., Avila-Alvarez A. et al. Incidence, 
treatment, and outcome trends of necrotizing entero-
colitis in preterm infants: a multicenter cohort study. 
Front Pediatr. 2020;8:188. https://doi.org/10.3389/
fped.2020.00188.

30. Lu P., Gong X., Gu X., Jiang S., Cao Y., Sun C. et al. Mortality 
and extrauterine growth restriction of necrotizing entero-
colitis in very preterm infants with heart disease: a multi-
center cohort study. Eur J Pediatr. 2024;183(8):3579–
3588. https://doi.org/10.1007/s00431-024-05599-z.

31. Walsh M.C., Kliegman R.M. Necrotizing enterocolitis: 
treatment based on staging criteria. Pediatr Clin North Am. 
1986;33(1):179–201. https://doi.org/10.1016/s0031-
3955(16)34975-6.

32. Jia L., Li Z., Zhu H., Ye X., Luo S., Wang Q. The diagnos-
tic value of abdominal ultrasound in the progression of 
necrotizing enterocolitis in low-birth-weight neonates. 
Medicine (Baltimore). 2025;104(43):e45427. https://doi.
org/10.1097/MD.0000000000045427.

33. Chen S., Hu Y., Liu Q., Li X., Wang H., Wang K. Comparison 
of abdominal radiographs and sonography in prognostic 
prediction of infants with necrotizing enterocolitis. Pediatr 
Surg Int. 2018;34(5):535–541. https://doi.org/10.1007/
s00383-018-4256-y.

34. Chen J., Mu F., Gao K., Yan C., Chen G., Guo C. Value of ab-
dominal ultrasonography in predicting intestinal resection 
for premature infants with necrotizing enterocolitis. BMC 
Gastroenterol. 2022;22(1):524. https://doi.org/10.1186/
s12876-022-02607-0.

35. May L.A., Epelman M., Daneman A. Ultrasound for nec-
rotizing enterocolitis: how can we optimize imaging 
and what are the most critical fi ndings? Pediatr Radiol. 
2023;53(7):1237–1247. https://doi.org/10.1007/s00247-
022-05545-x.

36. Hegedus C., Essex C., Vincent K., Shifl ett A., Spence L., 
Hill J., Chetta K.E. A standardized universal protocol for 
using adjunct abdominal ultrasound at the time of diag-
nosis for suspected necrotizing enterocolitis. Pediatr 



A N E S T H E S I O L O G Y  A N D  R E S U S C I T A T I O N

CHILDREN’S MEDICINE of the North-West
ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)

Volume 14 N 1    2026196

Radiol. 2025;55(13):2823–2831. https://doi.org/10.1007/
s00247- 025-06408-x.

37. Agakidou E., Agakidis C., Gika H., Sarafi dis K. Emerging 
biomarkers for prediction and early diagnosis of necro-
tizing enterocolitis in the era of metabolomics and pro-
teomics. Front Pediatr. 2020;8(8):602255. https://doi.
org/10.3389/fped.2020.602255.

38. ElMeneza S., Okasha A., El-Hafez M.A., Hussein N. Ische-
mia-modifi ed albumin as a novel marker for diagnosis of 
necrotizing enterocolitis in newborn infants. J Pediatr 
Neonat Individual Med. 2021;10(2):e100205. https://doi.
org/10.7363/100205.

39. Chaaban H., Shin M., Sirya E., Lim Y.-P., Caplan M., 
Pad bury� J.F. Inter-alpha inhibitor protein level in neo-
nates predicts necrotizing enterocolitis. J Pediatr. 
2010;157(5):757–761. https://doi.org/10.1016/j.jpeds.
2010.04.075.

40. Goldstein G.P., Sylvester K.G. Biomarker disco very 
and utility in necrotizing enterocolitis. Clin Perina-
tol. 2019;46(1):1–17. https://doi.org/10.1016/j.
clp.2018.10.001.

41. Sharif S.P., Friedmacher F., Amin A., Zaki R.A., Hird�M.F., 
Khashu M., Phelps S.R. Low serum albumin concen-
tration predicts the need for surgical intervention in 
neonates with necrotizing enterocolitis. J Pediatr Surg. 
2020;55(12):2625–2629. https://doi.org/10.1016/j.jped-
surg.2020.07.003.

42. Palleri E., Frimmel V., Fläring U. et al. Hyponatremia at 
the onset of necrotizing enterocolitis is associated with 
intestinal surgery and higher mortality. Eur J Pediatr. 
181(4):1557–1565. https://doi.org/10.1007/s00431-021-
04339-x.

43. Arbra C.A., Oprisan A., Wilson D.A., Ryan R.M., Le-
sher� A.P. Time to reintroduction of feeding in infants 
with nonsurgical necrotizing enterocolitis. J Pediatr 
Surg. 2018;53:1187–1191. https://doi.org/10.1016/
j.jpedsurg.2018.02.082.

44. Гайтон А.К., Холл Дж.Э. Медицинская физиология. 
Пер. с англ. М.: Логосфера; 2024. 1344�с.

45. Vincent J.-L. Textbook of critical care (7th edit.; b II). Else-
vier; 2017. P. 1192–1200. 

46. Ионов О.В., Балашова Е.Н., Ленюшкина А.А., Кирт-
бая� А.Р., Кухарцева М.В., Зубков В.В. Сравнение 
двух стартовых схем� — быстрого и медленного 
увеличения объема энтерального питания у но-
ворожденных с очень низкой массой тела в ус-
ловиях отделения реанимации и интенсивной те-
рапии. Неонатология: новости, мнения, обучение. 
2015;4(10):73–81. 

47. Sadrudin Premji S., Chessell L., Stewart F. Continuous 
nasogastric milk feeding versus intermittent bolus milk 
feeding for preterm infants less than 1500 grams. Co-

chrane Database Syst Rev. 2021;6(6):CD001819. https://
doi.org/10.1002/14651858.CD001819.pub3. 

48. Robinson D.T., Calkins K.L., Chen Y. et al. Guidelines 
for parenteral nutrition in preterm infants: the Ameri-
can society for parenteral and enteral nutrition. JPEN J 
Parenter Enteral Nutr. 2023;47(7):830–858. https://doi.
org/10.1002/jpen.2550.

49. Phongpreecha T., Ghanem M., Reiss J.D. et al. AI-guided 
precision parenteral nutrition for neonatal intensive care 
units. Nat Med. 2025;31(6):1882–1894. https://doi.
org/10.1038/s41591-025-03601-1.

50. Asfour S.S, Alshaikh B., AlMahmoud L. et al. SMOFlipid 
impact on growth and neonatal morbidities in very pre-
term infants. Nutrients. 2022;14(19):3952. https://doi.
org/10.3390/nu14193952.

51. Hu X., Liang H., Li F., Zhang R., Zhu Y., Zhu X., Xu Y. Necro-
tizing enterocolitis: current understanding of the preven-
tion and management. Pediatr Surg Int. 2024;10;40(1):32. 
https://doi.org/10.1007/s00383-023-05619-3.

52. Evidence-Based Medicine Group. Clinical guidelines 
for the diagnosis and treatment of neonatal necroti-
zing enterocolitis. Zhongguo Dang Dai Er Ke Za Zhi. 
2021;23(1):1–11. https://doi.org/10.7499/j.issn.1008-
8830.2011145.

53. Белобородов� В.Б., Голощапов� О.В., Гусаров� В.Г., 
Дехнич�А.В., Замятин�М.Н., Золотухин�К.Н. и др. Диа-
гностика и антимикробная терапия инфекций, вы-
званных полирезистентными микроорганизмами 
(обновление 2024 года). Вестник анестезиологии 
и реаниматологии. 2025;22(2):149–189. https://doi.
org/10.24884/2078-5658-2025-22-2-149-189. 

54. Pace E., Yanowitz T.D., Waltz P., Morowitz M.J.�Antibiotic 
therapy and necrotizing enterocolitis. Semin Pediatr Surg. 
2023;32(3):151308. https://doi.org/10.1016/j.semped-
surg.2023.151308.

55. Janaillac M., Beausoleil T.P., Barrington K.J., Rabois-
son�M.-J., Karam O., Dehaes M., Lapointe�A. Correlations 
between near-infrared spectroscopy, perfusion index, and 
cardiac outputs in extremely preterm infants in the fi rst 
72�h of life. Eur J Pediatr. 2018;177(4):541–550. https://
doi.org/10.1007/s00431-018-3096-z.

56. El-Khuffash A., McNamara P.J. Hemodynamic 
assessment and monitoring of premature infants. Clin 
Perinatol. 2017;44(2):377–393. https://doi.org/10.1016/
j.clp.2017.02.001.

57. Laan M.E., Roofthooft M.T.R., Fries M.W.A., Schat T.E., 
Bos A.F., Berger R.M.F., Kooi� E.M.W. Multisite Tissue 
oxygenation monitoring indicates organ-specific flow 
distribution and oxygen delivery related to low cardiac 
output in preterm infants with clinical sepsis. Pediatr Crit 
Care Med. 2016;17(8):764–771. https://doi.org/10.1097/
PCC.0000000000000833.



А Н Е С Т Е З И О Л О Г И Я  И  Р Е А Н И М А Т О Л О Г И Я

ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)

CHILDREN’S MEDICINE of the North-West 2026    Том 14 № 1 197

58. Johnston N., Waal de K. Clinical and haemodynamic 
characteristics of preterm infants with early onset sepsis. 
J Paediatr Child Health. 2022;58(12):2267–2272. https://
doi.org/10.1111/jpc.16218.

59. Nissimov S., Joye S., Kharrat A., Zhu F., Ripstein G., 
Baczynski M. et al. Dopamine or norepinephrine for sepsis-
related hypotension in preterm infants: a retrospective 
cohort study. Eur J Pediatr. 2023;182(3):1029–1038. 
https://doi.org/10.1007/s00431-022-04758-4.

60. Khalesi N., Choobdar F.A., Khorasani M. et al. Accuracy 
of oxygen saturation index in determining the severity 
of respiratory failure among preterm infants with respi-
ratory distress syndrome. J Matern Fetal Neonatal Med. 
2021;34(14):2334–2339. https://doi.org/10.1080/14767
058.2019.1666363.

61. Rawat M., Chandrasekharan P.K., Williams A. et al. Oxy-
gen saturation index and severity of hypoxic respiratory 
failure. Neonatology. 2015;107(3):161–166. https://doi.
org/10.1159/000369774.

62. Severinghaus J.W., Kelleher J.F. Recent developments in 
pulse oximetry. Anesthesiology. 1992;76(6):1018–1038. 
https://doi.org/10.1097/00000542-199206000-00024.

63. Agakidou E., Chatziioannidis I., Kontou A., Stathopou-
lou�T., Chotas W., Sarafi dis�K. An update on pharmaco-
logic management of neonatal hypotension: when, why, 
and which medication. Children (Basel). 2024;11(4):490. 
https://doi.org/10.3390/children11040490.

64. Клинические рекомендации. Неонатология. Во-
лодин� Н.Н., Дегтярев Д.Н., Крючко Д.С., ред. М.: 
 ГЭОТАР-Медиа; 2020. 320�с.

65. Антонов А.Г., Авдеева О.В., Бабака О.А. и др. Неона-
тология: клинические рекомендации. Володин Н.Н. 
и�др., ред. М.: ГЭОТАР-Медиа; 2019. 319 с.

66. Dini G., Ceccarelli S., Celi F. Strategies for the prevention 
of bronchopulmonary dysplasia. Front Pediat. 2024:12: 
1439265. https://doi.org/10.3389/fped.2024.1439265.

67. Александрович Ю.С., Пшениснов К.В. Респираторная 
поддержка при критических состояниях в педиатрии 
и неонатологии. М.: ГЭОТАР-Медиа; 2020. 288 с.

68. Thome U.H., Genzel-Boroviczeny O., Bohnhorst B., 
Schmid�M. et al. PHELBI Study Group Permissive hyper-
capnia in extremely low birthweight infants (PHELBI): 
a�randomized controlled multicentre trial. Lancet Respir 
Med. 2015;3(7):534–543. https://doi.org/10.1016/S2213-
2600(15)00204-0.

69. Ackermann B.W, Klotz D., Hentschel R., Thome U.H., 
Kaam�A.H. High-frequency ventilation in preterm infants 
and neonates. Pediatr Res. 2023;93(7):1810–1818. 
https://doi.org/10.1038/s41390-021-01639-8.

70. Nof E., Heller-Algazi M., Coletti F., Waisman D., Josué�S. 
Ventilation-induced jet suggests biotrauma in recon-
structed airways of the intubated neonate. J R Soc Inter-

face. 2020;17(162):20190516. https://doi.org/10.1098/
rsif.2019.0516.

71. Abdel-Hady� H., Shouman B. Permissive hypercapnia 
in extremely low-birthweight infants: how far should 
we go? Acta Paediatr. 2017;106(6):1011. https://doi.
org/10.1111/apa.13727.

72. Шмаков А.Н., Бударова К.В., Елизарьева Н.Л., Кох-
но�В.Н. Оценка эффектов аппаратного мертвого про-
странства, создаваемого тепловлагосберегающим 
фильтром, при искусственной вентиляции легких у 
новорожденных. Сибирский научный медицинский 
журнал. 2022;42(5):69–72. https://doi.org/10.18699/
SSMJ20220509.

73. Александрович Ю.С., Печуева О.А., Пшениснов К.В., 
Хиенас В. Оценка эффективности маневра рекруит-
мента при респираторном дистресс-синдроме у не-
доношенных новорожденных. Неонатология: новости, 
мнения, обучение. 2014;4(6):87–93. 

74. Tsurukawa S., Zuiki M., Naito Y., Kitamura K., Matsu-
mura U., Kanayama T. et al. Oxygenation saturation 
index in neonatal hypoxemic respiratory failure. Pedi-
atr Int. 2024;66(1):715–753. https://doi.org/10.1111/
ped.15753.

75. Реанимация и стабилизация состояния новорожден-
ных детей в родильном зале. Методическое пись-
мо.� Е.Н. Байбарина, ред. (М.; 2020). Неонатология: 
новости, мнения, обучение. 2020;8(1):34–52.

76. Прометной Д.В., Александрович Ю.С., Пшенис-
нов� К.В. Перегрузка жидкостью как предиктор ле-
тального исхода у детей в критическом состоянии. 
Общая реаниматология. 2019;15(1):12–26. https://doi.
org/10.15360/1813-9779-2019-1-12-26.

77. Иванов Д.О., Козлова Л.В., Деревцов В.В., Прий ма Н.Ф.  
Оценка состояния сердечно-сосудистой системы у но-
ворожденных, рожденных с внутриутробной задерж-
кой роста. Трансляционная медицина. 2016;3(5):53–63. 
https://doi.org/10.18705/2311-4495-2016-3-5-53-63. 

78. Бударова К.В., Шмаков А.Н., Елизарьева Н.Л., Кох-
но�В.Н. Закономерности реакции автономной нерв-
ной системы на инфузионную нагрузку в комплексе 
интенсивной терапии у детей: проспективное срав-
нительное исследование. Вестник интенсивной тера-
пии им. А.И."Салтанова. 2022;(3):133–144. https://doi.
org/10.21320/1818-474X-2022-3-133-144. 

79. Li Y., Wang J., Bai Z., Chen J., Wang X., Pan J., Li X., 
Feng�X. Early fl uid overload is associated with acute kid-
ney injury and PICU mortality in critically ill children. Eur 
J Pediatr. 2015;175(1):39–48. https://doi.org/10.1007/
s00431-015-2592-7.

80. Ваземиллер О.А., Ваганов А.А., Голубенко Н.К. и др. 
Диагностика повреждения миокарда у недоношенных 
детей с транзиторной ишемией сердца в раннем 



A N E S T H E S I O L O G Y  A N D  R E S U S C I T A T I O N

CHILDREN’S MEDICINE of the North-West
ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)

Volume 14 N 1    2026198

нео натальном периоде. Российский вестник пери-
натологии и педиатрии. 2019;64(5):38–43. https://doi.
org/10.21508/1027-4065-2019-64-5-38-43. 

81. Irmak K., Tuten N., Karaoglu G. et al. Evaluation of cord 
blood creatine kinase (CK), cardiac troponin T (cTnT), 
N-terminal-pro-B-type natriuretic peptide (NT-proBNP), 
and s100B levels in nonreassuring foetal heart rate. J Ma-
tern Fetal Neonatal Med. 2021;34(8):1249–1254. https://
doi.org/10.1080/14767058.2019.1632285.

82. Бударова К.В., Шмаков А.Н. Значимость маркеров 
транзиторной ишемии миокарда и гемодинамиче-
ской перегрузки у новорожденных в критическом со-
стоянии. Вестник анестезиологии и реаниматологии. 
2022;19(5):79–86. https://doi.org/10.21292/2078-5658-
2022-19-5-79-86. 

83. Бударова К.В., Шмаков А.Н., Сергеев С.А., Кохно В.Н., 
Елизарьева Н.Л. Диагностика и коррекция кардиоре-
нального синдрома в неонатальной хирургии. Child-
ren’s Medicine of the North-West. 2025;13(4):173–183. 
https://doi.org/10.56871/CmN-W.2025.56.14.013.

84. Первунина Т.М., Васичкина Е.С., Эрман М.В. Персо-
нифицированный подход в ведении детей с кардио-
ренальным синдромом (сочетанные врожденные 
пороки сердца и почек). Российский журнал персона-
лизированной медицины. 2023;3(2):77–81. https://doi.
org/10.18705/2782-3806-2023-3-2-77-81.

85. Singh Y., Tissot C., Fraga M.V. International evidence-based 
guidelines on Point of Care Ultrasound (POCUS) for criti-
cally ill neonates and children issued by the  POCUS Working 
Group of the European Society of Paediatric and Neonatal 
Intensive Care (ESPNIC). Crit Care. 2020;24(1):65. https://
doi.org/10.1186/s13054-020-2787-9.

86. Альянов И.А., Бударова К.В., Сирота С.И., Шмаков А.Н. 
Кумулятивный баланс инфузионной терапии ново-
рожденных с некротическим энтероколитом. Сибир-
ский научный медицинский журнал. 2018;38(3):66–70. 
https://doi.org/10.15372/SSMJ20180310. 

87. Бударова К.В., Шмаков А.Н., Яковлева Ю.В. Объек-
тивизация выбора режима трансфузии альбумина 
у новорожденных при проведении интенсивной 
терапии. Сибирский научный медицинский жур-
нал. 2025;45(2):142–150. https://doi.org/10.18699/
SSMJ20250215. 

88. Кучеров Ю.И., Жиркова Ю.В., Нассер М.М. Интраопе-
рационная инфузионная терапия у новорожденных 
детей. Детская хирургия. 2018;22(3):130–134. https://
doi.org/10.18821/1560-9510-2018-22-3-130-134.

89. Бударова К.В., Шмаков А.Н. Вариабельность ритма 
сердца при сердечно-легочной недостаточности у 
новорожденных. Анестезиология и реаниматология. 
2021;(1):25–31. https://doi.org/10.17116/anaesthesiol-
ogy202101125. 

90. Кузник Б.И., Стуров В.Г., Максимова О.Г. Геморраги-
ческие и тромботические заболевания и синдромы 
у�детей. Новосибирск: Наука; 2012. 456 с.

91. Шмаков А.Н., Бударова К.В., Данченко С.В. Зависи-
мость гомеостаза новорожденных от качественного 
состава плановой инфузии. Медицина: теория и прак-
тика. 2018;3(4):222–226.

92. Заболотских И.Б., Чуприн С.В., Курзанов А.Н. Дозо-
зависимые эффекты даларгина в анестезиологии и 
интенсивной терапии. Вестник интенсивной терапии. 
2002;(4):50–52. EDN:�QBTIAZ.

93. Любошевский П.А. Общая анестезия с применением 
даларгина и транексамовой кислоты при микроэндо-
скопических эндоназальных операциях. Автореф. … 
дис. канд. мед. наук. М.; 2003. 25 с.

94. Биченов Р.Г., Слепушкин В.Д., Мильдзихов Г.К. Вли-
яние даларгина на газообменные функции легких у 
новорожденных с респираторным дистресс-синдро-
мом. Материалы VI Конгресса педиатров России. М.; 
2000. С. 61–62.

95. Шмаков А.Н., Данченко С.В., Касымов В.А. Далар-
гин� в� интенсивной терапии детей в критических 
состояниях. Детская медицина Северо-Запада. 
2012;3(1):41–44. 

96. Шмаков А.Н., Касымов В.А., Касымов В.А., Кохно�В.Н. 
Адъюванты инт енсивной терапии острой церебраль-
ной недостаточности новорожденных. Журнал не-
врологии и" психиатрии им." С.С." Корсакова. 2011;
111(2):60–63.

97. Brindle�M.E., McDiarmid�C., Short K., Miller�K., MacRo-
bie�A. et al. Consensus guidelines for perioperative care 
in neonatal intestinal surgery: Enhanced Recovery After 
Surgery (ERAS) Society Recommendations. World J Surg. 
2020;44(8):2482–2492. https://doi.org/10.1007/s00268-
020-05530-1.

98. Rao S.C., Basani L., Simmer K., Samnakay N., Desh-
pande�G. Peritoneal drainage versus laparotomy as ini-
tial surgical treatment for perforated necrotizing entero-
colitis of spontaneous intestinal perforation in preterm 
low birth weight infants. Cochrane Database Syst Rew. 
2011;(6):CD006182. https://doi.org/10.1002/14651858.
CD006182.pub2.

99. Park J.S., Jeong S.-A., Seo J.H., Lim J.Y., Woo H.O., 
Youn H.S., Park C.-H. Risk factors and effects of se-
vere late-onset hyponatremia on long-term growth of 
prematurely born infants. Pediatr Gastroenterol Hepatol 
Nutr. 2020;23(5):472–483. https://doi.org/10.5223/
pghn.2020.23.5.472. 

100. Бударова К.В., Шмаков А.Н., Сирота С.И. Сравни тель-
ная оценка информативности шкал полиорганной не-
достаточности у новорожденных с некротизирующим 
энтероколитом. Российский вестник детской хирургии, 



А Н Е С Т Е З И О Л О Г И Я  И  Р Е А Н И М А Т О Л О Г И Я

ISSN 3034-6312 (Print) ISSN 3034-6320 (Online)

CHILDREN’S MEDICINE of the North-West 2026    Том 14 № 1 199

анестезиологии реаниматологии. 2017;VII(3):81–85. 
EDN:�ZXHMRZ.

101. Бударова К.В., Шмаков А.Н., Елизарьева Н.Л., Кохно В.Н. 
Объективизация прогноза исходов после операционного 
периода в абдоминальной хирургии новорожден-
ных. Вестник интенсивной терапии имени А.И. Салта-
нова. 2019;(3):65–68. https://doi.org/10.21320/1818-
474X-2019-3-65-68.

102. Бударова К.В., Шмаков А.Н., Елизарьева Н.Л., Кох-
но�В.Н. Прогностическая модель как способ форма-
лизации результатов исхода критических состояний 
в хирургии новорожденных. Сибирский медицинский 
вестник. 2018;(3):3–8.

103. Janota J., Simak J., Stranak Z., Matthews T., Clarke T., 
Corcoran D. Critically ill newborns with multiple organ 

dysfunction: assessment by NEOMOD score in a tertiary 
NICU. Irish J Med Sci. 2008;177(1):11–17. https://doi.
org/10.1007/s11845-008-0115-5.

104. Wynn J.L., Kelly M.S., Benjamin D.K., Clark R.H., Green-
berg�R., Benjamin Jr. D.K., Smith P.B. Timing of multiorgan 
dysfunction among hospitalized infants with fatal fulmi-
nant sepsis. Am J Perinatol. 2017;34(7):633–639. https://
doi.org/10.1055/s-0036-1597130.

105. Matics T.J., Sanchez-Pinto L.N. Adaptation and 
validation of a pediatric sequential organ failure 
assessment score and evaluation of the Sepsis-3 
definitions in critically ill children. JAMA Pediatr. 
2017;171(10):e172352. https://doi.org/10.1001/ ja-
mapediatrics.2017.2352.

Authors’ info
Alexey N. Shmakov�— Dr. Sci. (Med.), Professor, 
Department of Anesthesiology and Intensive Care of General 
Medicine Faculty, Novosibirsk State Medical University; 
Anesthesiologist and Intensivist of State Novosibirsk 
Regional Clinical Hospital. 
E-mail: alsmakodav@yandex.ru; 
https://orcid.org/0000-0001-6041-7607; SPIN: 7387-8304

 Kristina V. Budarova�— Dr. Sci. (Med.), Professor, 
Department of Anesthesiology and Intensive Care of General 
Medicine Faculty, Novosibirsk State Medical University; 
Anes thesiologist and Intensivist of the Department of Anes-
thesiology and Intensive Care Unit No. 1 
of the Anesthesiology and Intensive Care Center, Clinical 
Hospital “RZD-Medicine” Novosibirsk. 
E-mail: bcv@yandex.ru; 
https://orcid.org/0000-0002-9265-978X; SPIN: 3386-9873

Об авторах 
Алексей Николаевич Шмаков�— д.м.н., профессор, 
кафедра анестезиологии и реаниматологии лечебного 
факультета, Новосибирский государственный медицин-
ский университет; врач анестезиолог-реаниматолог, 
Государственная Новосибирская областная клиническая 
больница. E-mail: alsmakodav@yandex.ru; 
https://orcid.org/0000-0001-6041-7607; SPIN: 7387-8304 

 Кристина Владимировна Бударова�— д.м.н., про-
фессор, кафедра анестезиологии и реаниматологии 
лечебного факультета, Новосибирский государственный 
медицинский университет; врач анестезиолог-
реаниматолог отделения анестезиологии-реанимации 
№ 1 Центра анестезиологии и реанимации, клиническая 
больница «РЖД-Медицина» Новосибирск. 
E-mail: bcv@yandex.ru; 
https://orcid.org/0000-0002-9265-978X; SPIN: 3386-9873


