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Introduction 
Neonatal brain injury remains a pressing issue 

in perinatal medicine. Main factors include antenatal 
hypoxia, intrapartum hypoxia and early postnatal 
hypoxia, which result in alteration of cerebral he-
modynamics and microcirculation in various brain 
structures. The spectrum of possible changes is quite 
wide, depending on the duration of hypoxia and the 
severity of the hemodynamic disturbances. Short-
term exposure to hypoxia in children causes transient 
ischemic changes, while prolonged severe hypoxia 
results in extensive damage localized in various brain 
structures, leading to death or permanent disability 
of the child [1–5]. 

Vutskits L., Camfferman F. A., et al. showed 
that premature infants have a higher incidence of 
brain damage compared to term infants, which is 

due to unfavorable factors such as morphological 
immaturity, the presence of the germinal matrix — 
especially in newborns with a gestational age of 
22–28 weeks — insufficient vascularization of the 
white matter, and immaturity of autoregulation of 
cerebral blood flow. The presence of these factors 
leads to isolated and systemic fluctuations in cerebral 
blood flow, especially in combination with changes 
in central hemodynamics [6, 7]. 

Under hypoxic conditions, neurons switch to 
anaerobic metabolism, resulting in lower glucose 
and adenosine triphosphate (ATP) production and 
higher intracellular lactate. Low levels of ATP con-
tribute to impaired function of energy-dependent 
ion channels in the cell membrane, intracellular Ca2+ 
and Na+ influx, abnormal membrane depolarization, 
and extracellular glutamate accumulation, while 
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Summary 
The aim of the study was to evaluate neonatal outcomes in preterm infants. 
Materials and methods. The study included 58 premature neonates divided into 2 groups: «A» (N=34) with 

an adverse neonatal period ending in death and «B» (N=24) who survived. Clinical assessment of the infant, 
measurement of blood gases, acid-base balance (ABB) and lactate, recording of lung ventilation parameters, 
calculation of mean airway pressure, oxygenation index (OI) and ventilation efficiency index (VEI), neu-
rosonography and, in case of death, pathological and histological examination of the brain were performed. 

Results. Elevated lactate was found in 24 patients (70.5%) in group A and in 12 patients (50%) in group B. 
The mean lactate levels in groups A and B were 8.1±3.3 and 6.3±2.8 mmol/L, respectively. In group A, 
19 (55.9%) infants had severe acidosis, corresponding to a pH of 7.19 to 6.80. In group B, only 8 (33.3%) infants 
had a pH between 7.0 and 7.19. At birth, neonates in both groups were found to have a base deficit (BD), 
which was significantly lower in group A than in group B (P=0.004). There were no trends toward reduction 
of acidosis or normalization of ABB in infants in group A. Plasma BE levels in group B had returned to normal 
by 96 hours postpartum. The frequency of grade II, III peri/intraventricular hemorrhage (PIVH) and hemor-
rhage of other localization in group A were 8 (23.5%), 9 (26.5%), and 3 (8.8%), respectively. In group B, grade I 
PIVH and hemorrhage of other localization occurred in 5 (20.8%) and 1 (4.2%) cases, respectively. In neonates 
with grade II PIVH, severe lactic acidosis was diagnosed at birth: venous blood pH was 6.97 [6.8; 7.22], BE was 
(–21.6) [–30; –7.2] mmol/L, lactate level was 8.5 [6.3; 12.9] mmol/L, and pO₂ was 50.5 [20.5; 64] mm Hg. In in-
fants with grade III PIVH, pH was 7.26 [7.12; 7.28], BE was (–8.1) [–8.9; –7] mmol/L, lactate was 7.6 [4.8; 
8.9] mmol/L, and pO₂ was 33 [30; 50] mm Hg. Cell damage of varying severity affected all brain structures, as 
evidenced by absence or deformation of nuclei and nucleoli, and peripheral chromatin condensation. Mor-
phological immaturity of brain structures was another negative factor. 

Conclusion. Lactic acidosis diagnosed at birth in premature infants is one of the indicators of perinatal 
hypoxia severity. Critical pH, BE, and lactate levels, as well as lack of response to treatment, contribute to struc-
tural brain damage and worsen prognosis. Severe changes in oxygen and lactate levels that persist for two days 
after birth lead to severe PIVH and irreversible brain changes. 

Keywords: preterm infants, hypoxia, neonatal lactate acidosis, oxygenation index, germinative matrix, 
hemorrhage, neurons, cerebral cortex 
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high levels of intracellular lactate increase reactive 
oxygen species levels and cell damage [8–10]. 

The severity of hypoxia can be determined 
using blood lactate levels and the oxygenation index. 
Lactate levels gradually increase as ischemia and 
hypoxia worsen, while the oxygenation index de-
creases. In addition, the severity of lactic acidosis, 
pH, and time to normalization are associated with 
the severity of hypoxic and ischemic encephalopa-
thy [5, 11] and neonatal mortality [3, 12]. 

Damage-associated molecular patterns (DAMPs) 
such as IL-33, high-mobility group protein B1 
(HMGB1), and ATP activate microglia, astrocytes, 
cerebral vascular endothelial cells, and perivascular 
macrophages, resulting in a cascade of abnormal 
responses [13]. TNF (tumor necrosis factor)-R1, ex-
pressed on neurons and glial cells, activates apoptosis 
and necrosis, and upregulates MHC II and cell ad-
hesion molecules in astrocytes. TNF-α production 
increases within hours of cerebral hypoxia, causing 
damage to the blood-brain barrier [2, 10, 14, 15]. 

A further cascade of reactions leads to an 
increase in interleukin-6 (IL-6) and IL-16, which are 
early biomarkers of the severity of brain ischemia in 
neonates and can be used to predict long-term out-
come [16]. The level of IL-1β in residual cord blood 
and neonatal cerebrospinal fluid correlates with the 
severity of brain ischemia. IL-1β induces neuronal 
apoptosis and chemokine expression in microglia, 
astrocytes, and immature brain cells, and inhibits 
neuronal and oligodendrocyte proliferation [17,18].  

The priority diagnostic task in the early neonatal 
period is to detect hypoxia and lactic acidosis, which 
trigger a cascade of abnormal responses leading to 
damage to organs and systems, including the brain. 
Changes in these biological markers can be used to 
predict how the child will respond to treatment. 

The aim of the study was to evaluate the neonatal 
outcomes in premature infants. 

Materials and methods 
This retrospective study was approved by the 

Independent Ethics Committee of the Clinical Re-
search Center of I. Kant Baltic Federal University 
(Protocol No. 14, dated October 27, 2020). All new-
borns included in the study were treated at the Ma-
ternity Hospital of Kaliningrad Region No. 1 and 
the Perinatal Center of Kaliningrad Region from 
October 2010 to October 2020. Scientific analysis 
of the results was conducted from January 2022 to 
May 2023. 

Initially, a retrospective analysis of the medical 
records of 250 newborns was performed; as a result, 
192 children were excluded from the study due to 
non-compliance with the inclusion criteria. Fifty-
eight premature infants diagnosed at birth with 
varying degrees of hypoxia were included in the 
study (Fig. 1). 

Study inclusion criteria:  
1. Moderate to severe birth asphyxia: Apgar 

score at 1 minute after birth less than 7 points; 
2. Hyperlactatemia (blood lactate � 2 mmol/L); 
3. Blood acidosis (pH � 7.35);  
4. Blood base deficiency (BE � –2.5 mmol/L); 
5. Ultrasonographic evidence of brain imma-

turity not consistent with gestational age [19]; 
6. Ultrasound evidence of peri-/intraventric-

ular hemorrhage of varying degrees [20]; 
7. Mechanical or noninvasive ventilation. 
Exclusion criteria were congenital malforma-

tions associated with severe hypoxia.  
No preliminary sample size calculation was 

performed. 
Patients were divided into two groups according 

to the disease outcome in the early neonatal period: 
• Group A included 34 infants with a mean 

gestational age of 27.4±4 weeks, a birth weight of 
992.9±560 g, and a mean Apgar score of 3 [2.0; 5.0] 
at 1 minute after birth and 5  [4.0; 6.0] points at 
5 minutes after birth. Despite treatment, the neonates 
continued to deteriorate until death. 

• Group B included 24 neonates with a ges-
tational age of 28.9±2.3 weeks, a birth weight of 
1138.1±320.9 g, and mean Apgar scores of 5  [3.5; 
6.0] at 1 minute after birth and 6  [5.5; 7.0] at 
5 minutes after birth. Neonates stabilized and im-
proved as a result of treatment, with no deaths in 
the group. 

There were no significant differences in birth 
weight or gestational age between the groups 
(P=0.258 and P=0.113, respectively). Median Apgar 
scores at 1 minute after birth were significantly 
lower in group A than in group B (P=0.009). 

At birth, all neonates received primary or in-
tensive care according to neonatal protocols [21]. 

Clinical  studies

Fig. 1. Study flowchart.
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Maternal factors such as age, course of preg-
nancy, causes of preterm labor, and labor activity 
were assessed. 

Clinical evaluation of the newborn at birth 
included the following criteria: Apgar score (AS) at 
1 and 5 minutes after birth, presence of regular 
spontaneous breathing, signs of acute respiratory 
failure of varying severity, and need for respiratory 
therapy. 

Laboratory evaluation of blood gas and acid-
base balance (ABB). Gas exchange, acid-base bal-
ance, and lactate concentration in the residual um-
bilical cord and arterialized blood were assessed 
using a Gem Premier 3000 analyzer (USA). The 
study was conducted at birth and at 6, 12, 24, 48, 
72, 96, 120, 144, and 168 hours postnatally. 

Lung ventilation changes were recorded, in-
cluding mode, ventilator respiratory rate (RR), frac-
tion of oxygen in the gas mixture (FiO₂), peak in-
spiratory pressure (PIP), positive end-expiratory 
pressure (PEEP), and inspiratory time (Tin). 

The calculation of the oxygenation index, 
mean airway pressure, and ventilation efficiency 
index. Calculation of the oxygenation index (OI): 
OI = MAP × ((FiO₂ × 100) / pO₂), where MAP is the 
mean airway pressure, FiO₂ is the fraction of oxygen 
in the inspired gas mixture, and pO₂ is the partial 
pressure of oxygen in the blood. 

The calculation of the mean airway 
pressure (MAP):  

MAP=K×(PIP–PEEP)×(Tin/(Tin+Tex))+PEEP,  
where K is a constant; PIP is the peak inspiratory 

pressure; PEEP is the positive end-expiratory pres-
sure; Tin is the inspiration time; and Tex is the expi-
ration time. 

The calculation of the ventilation efficiency 
index (VEI), which is an empirical analog of dynamic 
lung compliance:  

VEI=3800/(�P×F×PaCO₂) (mL/mmHg/kg),  
where �P is the difference between inspiratory 

and expiratory pressures (PIP–PEEP) and F is the 
respiratory rate. 

These parameters were recorded and evaluated 
at birth, 6, 12, 24, 48, 72, 96, 120, 144, and 168 hours 
postnatally. 

Multiplanar neurosonography (NS). The study 
was performed on days 1–2 after birth through nat-
ural acoustic windows (large and small fontanels). 

Histological examination of the brain. The 
following structures were examined: cortex, sub-
cortical substance of the parietal region, hippocam-
pus, striatum, cerebellum, and areas of hemorrhage. 
After labeling the material in plastic cassettes, 
standard histologic processing was performed, fol-
lowed by embedding in Histomix and making 
paraffin blocks. Histological sections were stained 
with Nissl hematoxylin and eosin and examined 
using a Nikon Eclipse 55i microscope. In docu-
menting the changes in the specimens, the corre-

spondence of the morphological structure of the 
brain with gestational age, the degree of severity 
of cerebral edema, the condition of the vessels, 
the germinal matrix, and the presence and local-
ization of hemorrhages were considered. The results 
of morphological examination were compared 
with gestational age, status of the child at birth 
and duration of the disease. 

Statistical analysis of the data. Statistical analy-
sis was performed using the Statistica 10.0 software 
package (StatSoft Inc., USA). The aim of the statistical 
analysis of the data was to identify the link between 
studied parameters and early neonatal period and 
disease outcomes in preterm infants. The Shapiro-
Wilk test was used to evaluate the distribution of 
quantitative parameters. For variables with normal 
distribution, the arithmetic mean (M) and standard 
deviation (SD) were calculated. For quantitative 
parameters with non-normal distribution, the me-
dian (Me) and interquartile range (Q1; Q3) were de-
termined, where Q1 is the 1st quartile (25th percentile) 
and Q3 is the 3rd quartile (75th percentile). Comparison 
of the results for dependent and independent sam-
ples with normal distribution was performed using 
the ANOVA test. Differences between two non-nor-
mally distributed samples were determined using 
the Mann–Whitney U-test. Pearson's parametric 
correlation method was used to analyze quantitative 
parameters with a normal distribution. In the study 
sample, qualitative data were analyzed by calculating 
the proportion of cases (percentage). The Wilcoxon 
test was used to compare two related groups, the 
Mann–Whitney test was used to compare unrelated 
groups by quantitative variables, and the 
Kruskal–Wallis test and post-hoc pairwise compar-
isons were used to compare three groups. Compar-
ison of unrelated groups by qualitative variables 
was performed using Pearson's χ² test or Fisher's 
exact test. The two-tailed P-value was used. The 
non-parametric Spearman correlation method was 
used to analyze quantitative parameters with non-
normal distribution. Differences were considered 
significant at P�0.05. 

Results  
Maternal factors affecting the fetus and neonate. 

Table 1 shows the demographic characteristics and 
the most common conditions leading to perinatal 
hypoxia and lactic acidosis in the newborn. No sig-
nificant differences were found between the groups 
in terms of age, parity, and mode of delivery. 

Premature release of amniotic fluid was the 
cause of preterm labor in 9 (28.1%) pregnant women 
in group A and 3 (13%) in group B. Natural delivery 
was more common in group A and operative delivery 
was more common in group B (P=0.0087). The 
causes of operative preterm delivery in both groups 
were pre-eclampsia and eclampsia, critical disorders 
of uteroplacental blood flow, and placental abruption. 



7w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 4 ,  2 0 ;  5

Clinical  studies

Another cause of operative preterm delivery was 
the onset of spontaneous labor in patients with 
uterine scarring or abnormal fetal position.  

Blood lactate measurement. The results of 
plasma lactate measurements are shown in Fig. 2, 
a. At birth, mean lactate levels were significantly 
higher (P=0.04) in children of group A vs. group B. 
Hyperlactatemia was found in 24 (70.5%) children 
in group A, mean blood lactate was 8.1±3.3 mmol/L. 
In group B hyperlactatemia was found in 12 (50%) 
children, the mean value was 6.3±2.8 mmol/L. 

At 6 hours, the lactate level decreased signifi-
cantly (P=0.015) in neonates in group A. The rate 
of decrease was 0.48 mmol/hour. A further signifi-
cant decrease occurred at 48 hours (P=0.039); this 
trend continued for 120 hours of treatment (P=0.023). 
In the following hours, the lactate level began to 
increase. 

In group B, the decrease in blood lactate oc-
curred gradually. By 6 hours of postnatal life, its 
value significantly decreased (P=0.02), but by 12 hours, 
it had increased again. Normalization of lactate oc-

Table 1. Demographic characteristics of mothers and risk factors for neonatal hypoxia, M±σ; Ме [Q1; Q3]; N (%). 
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                        Group А, N=32                   Group В, N=23                                
Age of mothers, years                                                                                           31.2±6.5                               30.5±6.7                                 0.715 
Number of pregnancies                                                                                        3 [1; 4]                                   3 [1; 4]                                   0.958 
Parity                                                                                                                           2 [1; 3]                                   2 [1; 3]                                   0.747 
Premature rupture of membranes                                                                    9(28.1)                                  3 (13.0)                                  0.183 
Natural delivery                                                                                                    11 (34.4) *                                1 (4.3)                                  0.0087 
Operative delivery                                                                                               21 (65.6) *                             22 (95.7)                                0.0087 
Causes of operative delivery                                                                                                                                                                                      
Placental abruption                                                                                               9(28.1)                                  4 (17.4)                                  0.349 
Disorders of uteroplacental circulation                                                         5 (15.6)                                 8 (37.8)                                  0.067 
Preeclampsia, eclampsia                                                                                       3(9.4)                                   6 (26.1)                                  0.094 
Uterine scar                                                                                                               2 (6.3)                                  4 (17.4)                                  0.195 
Abnormal fetal positioning                                                                                  2 (6.3)                                     0 (0)                                     0.242 
Note. Here and in the Table 2: * — significant differences between groups, P�0.05. 

Fig 2. Change of the studied parameters during the treatment. 
Note. Significant differences during the treatment, P�0.05: * — between groups; ** — group A and # — group B,compared to the 
value at birth in both groups A and B. 
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curred by 48 hours of postnatal life, and the rate of 
reduction was also 0.48 mmol/hour (P=0.003). The 
lactate concentration was higher in group A than in 
group B throughout the observation period. 

Study of blood ABB parameters. The integral 
parameter determining blood ABB disorders is pH 
(Fig. 2, b). 

At birth, the pH of neonates in both groups in-
dicated acidosis, but in group A the value was sig-
nificantly lower than in group B (P=0.05). In group A, 
19 (55.9%) neonates had severe acidosis, correspon-
ding to a pH between 7.19 and 6.8, whereas in 
group B, only 8 (33.3%) neonates had a pH between 
7.0 and 7.19. 

In the first 6 hours after birth, the mean pH of 
the newborns in group A increased from 7.14±0.2 to 
7.27±0.16; after 24 hours, it increased to 7.31±0.18, 
indicating a significant increase in this parameter 
(P=0.004, P=0.0006, respectively), reflecting a decrease 
in acidosis and representing the child's response to 
treatment. However, over the next 48 hours, the 
mean pH decreased to 7.2±0.2. Only after 96 hours 
of treatment was there a trend toward improvement 
in this parameter, but complete normalization did 
not occur. 

In group B, normalization of ABB occurred 
after 12 hours of treatment, pH increased from 
7.22±0.1 to 7.37±0.12 (P=0.00007), but after 48 hours 
the average pH value slightly decreased and was 
7.33±0.07, the final normalization of pH occurred 
after 96 hours of treatment.  

At birth, the neonates of both groups were 
found to have a base deficit (BD), which was signifi-
cantly lower in group A compared to group B 
(P=0.004) (Fig. 2, c). Throughout the early neonatal 
period, a significant BD was detected in neonates 
of group A. Within 6 hours, plasma BE increased 
1.5-fold, but remained unchanged in the following 
hours of treatment, i. e., signs of base deficit persisted. 
No tendency to decrease acidosis and normalization 
of ABB was observed in children of this group. 

In group B, blood plasma BE increased 1.6 times 
within 6 hours (P=0.02) and gradually normalized 
by 96 hours after birth, i. e. the children responded 
to the treatment.  

Oxygenation index (OI). The analysis showed 
that the OI was elevated at birth in both groups 
(Fig. 2, d). Its further change was multidirectional. 
In group A, OI increased significantly within 48 hours 
compared to the period at birth (P=0.00001), i. e., 

hypoxia resistant to therapy persisted during this 
period.  

In the following hours of treatment, a slight 
decrease in OI persisted until 120 hours, after which 
its value began to increase, indicating that hypoxia 
persisted. In group B, the studied parameter increased 
up to 12 hours after birth (P=0.001), further confirming 
the presence of hypoxia and the lack of response to 
treatment during this period. In the following hours, 
OI gradually decreased and reached its minimum 
values at 144 hours after birth (P=0.009), indicating 
that the period of documented hypoxia was short 
and transient. In group A, OI values were significantly 
higher than in group B between 48 and 168 hours 
(Fig. 2, c). 

Neurosonographic results. In the first hours 
after birth, the majority of neonates in group B showed 
only signs of morphological immaturity compared 
to group A (P=0.01). The incidence of grade II and III 
peri-intraventricular hemorrhage (PIVH) was signifi-
cantly higher in group A than in group B (P=0.009 
and P=0.006, respectively) (Table 2). 

Subgroups of neonates were identified in each 
group based on NS changes. In group A, the following 
subgroups were identified: subgroup 1 with brain im-
maturity, subgroup 2 with PIVH grade II, and subgroup 
3 with PIVH grade III and bleeding in other locations. 
In group B, subgroup 1 had brain immaturity, while 
subgroup 2 had PIVH grade I and bleeding in other lo-
cations. We examined the main parameters of hypoxia 
severity and oxygen status in each subgroup at birth, 
as well as blood ABB, ventilation parameters, and OI. 

Table 3 summarizes the analysis of laboratory 
parameters and NS data for group A. Lactic acidosis 
was found in children from subgroup 1 who showed 
only signs of brain immaturity. Children in subgroup 2 
also had lactic acidosis, but their pH and BE were in 
the critical range and significantly different from 
those in subgroups 1 and 3 (P=0.059 and P=0.023, 
respectively). OI was also higher in subgroup 2 than 
in subgroup 1 (P=0.007). The pH, BE, and OI values 
in subgroup 3 were different from those in subgroup 1 
(P=0.047, P=0.04, P=0.036, respectively). Only in 
subgroup 3 was ventilation performed with a higher 
FiO₂ than in subgroups 1 and 2; no differences were 
found in this parameter, whereas MAP and VEI 
varied between subgroups. 

Correlation analysis of the parameters in group B 
revealed several relationships of different strength 
and direction: 

Table 2. Brain ultrasound findings, N (%). 
Parameter                                                                                                                                   Frequency in groups                                             P-value 
                                                                                                                                        Group А, N=34                   Group В, N=24                                
Brain immaturity                                                                                                  14 (41.2)*                                18 (75)                                    0.01 
PIVH, I grade                                                                                                              0 (0)*                                   5 (20.8)                                  0.005 
PIVH, II grade                                                                                                          8 (23.5)*                                   0 (0)                                     0.009 
PIVH, III grade                                                                                                        9 (26.5)*                                   0 (0)                                     0.006 
Other hemorrhage                                                                                                  3 (8.8)                                   1 (4.2)                                     0.24 
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• Strong negative correlation between BE and 
plasma lactate at birth: R=–0.8053; P=0.0009; 

• Strong positive correlation between plasma 
lactate and FiO₂ at birth: R=0.7897; P=0.0013; 

• Strong negative correlation between plasma 
lactate and VEI at birth: R=–0.855; P=0.014; 

• Moderate negative correlation between plas-
ma BE and FiO₂ at birth: R=–0.573; P=0.04; 

• Strong negative correlation between plasma 
pO₂ and OI at birth: R=–0.7585; P=0.0042. 

Table 4 shows the results of the analysis of the 
laboratory parameters along with the NS data of 
the neonates in group B. In the second subgroup, 
the values of pH, BE, lactate, and OI were worse 
than those in the first subgroup, but no statistically 
significant differences were found. The values of 
FiO₂, MAP, and VEI were not significantly different 
in both subgroups. 

Correlation analysis in group B revealed corre-
lations of different strength and direction: 

• Moderate negative correlation between BE 
and plasma lactate at birth: R=–0.708; P=0.0005; 

• Strong negative correlation between HCO3 
and plasma lactate at birth: R=–0.79; P=0.0003; 

• Moderate positive correlation between OI 
and MAP at birth: R=0.6359; P=0.0355; 

• Moderate negative correlation between lac-
tate level and Apgar score at 1 minute after birth: 
R=–0.481; P=0.032. 

Histologic examination of neonatal brains in 
group A. All neonates had immature brain structures 
for their gestational age, but only 10 (29%) did not 
have PIVH. The remaining cases were characterized 
by morphological immaturity and grade III–IV PIVH 
with hemorrhagic tamponade and blood leakage 
into the cerebello-medullary cistern, which was the 
primary cause of death. 

Morphological analysis of brain structures 
revealed the presence of small hyperchromic (in-
tensely stained) neurons in the molecular, outer, 
and inner granular layers of the cerebral cortex of 
the large hemispheres, with chromatin localized 
to the periphery and no nucleoli detected in a 
number of nuclei. The pyramidal cell layer consisted 
mainly of hyperchromatic pyramidal and rounded 
neurons. The inner pyramidal layer also contained 
pyramidal, predominantly intensely stained neu-
rons, some of which were deformed, and rounded 
neurons with hyperchromic nuclei, whereas round-
ed and pyramidal neurons with hyperchromic 
nuclei were more common in the polymorphic 
cell layer. All cortical layers showed tortuosity and 
irregular blood filling of capillaries or their con-
gestion and pericellular edema. 

Neuronal polymorphism was seen in the white 
matter, including groups of dark neurons with 
shrunken or displaced nuclei and nucleoli, and cells 
with hypochromatic or unstained nuclei. Satellitosis 
and neuronophagia were prominent. Extensive hem-
orrhages were found in the white matter of the 
brain, including under the ventricular ependymas. 
Thrombi were observed in the ventricular cavity. 
Siderophages were seen at the margins of the hem-
orrhages. Capillary and venous congestion and focal 
gliosis were also observed. 

Some vascular plexus epithelial cells had vac-
uolated cytoplasm, while others had unstained 
nuclei. There were areas without epithelial lining, 
with congested vessels and swollen stroma. 

Some Purkinje cells in the cerebellum were 
absent, while other cells had shrunken or absent 
nuclei. Tigrolysis was common, and neither nuclei 
nor nucleoli were stained with Nissl stain. Pericellular 
edema was noted.  

Table 3. Parameters in the subgroups of group A (Me; Q1; Q3). 
Parameters                                                               Values in the subgroups of group A                                 P1–2                         P1–3                P2–3  
                                                                 Subgroup 1, N=14    Subgroup 2, N=8    Subgroup 3, N=12                                                                          
рН                                                          7.19 [7.09; 7.24]        6.97 [6.8; 7.22]*       7.26 [7.12; 7.28]**         0.059                     0.474             0.047 
ВЕ, mmol/L                                          –8.7 [–10; –7]         –21.6 [–30; –7.2]*       –8.1 [–8.9; –7]**           0.023                     0.923              0.04 
Lactate, mmol/L                                  5.3 [1.6; 8.2]              8.5 [6.3; 12.9]               7.6 [4.8; 8.9]              0.138                      0.43               0.29 
рО₂, mm Hg                                            65 [47; 88]               50.5 [20.5; 64]             33 [30; 50]**,#               0.07                       0.03               0.02 
FiO₂, %                                                      40 [35; 50]                 40 [37.5; 71]                 50 [40; 80]               0.0532                    0.488             0.693 
OI, units                                                 8.2 [3.5; 12.9]           11.6 [8.3; 18.4]*         18.2 [8.2; 19.8]#           0.007                     0.036             0.817 
MAP, cm H₂O                                       9.6 [9.1; 10.4]              8.6 [8.4; 9.1]               9.3 [8.8; 10.6]             0.317                     0.876             0.067 
VEI, mL/mm Hg                               0.09 [0.06; 0.09]        0.09 [0.05; 0.11]         0.11 [0.07; 0.13]           0.863                     0.198             0.269 
Note. Significant differences, P�0.05: * — between subgroups 1–2; ** — between subgroups 2–3; # — between subgroups 1–3.

Table 4. Parameters in the subgroups of group B (Me; Q1; Q3). 
Value                                                                                                                               Values in the subgroups of group B                             P-value 
                                                                                                                                    Subgroup 1, N=18             Subgroup 2, N=6                              
рН                                                                                                                        7.21 [7.16; 7.23]                 7.18 [7.08; 7.32]                          0.574 
ВЕ, mmol/L                                                                                                      –5.5 [–7.5; –3.9]                –7.1 [–10.2; –5.3]                         0.413 
Lactate, mmol/L                                                                                                 3.6 [2.2; 5.2]                        4.8 [3.2; 7.6]                              0.168 
рО₂, mm Hg                                                                                                           47 [42; 52]                        44.5 [40.5; 46]                            0.345 
FiO₂, %                                                                                                                     40 [30; 45]                            45 [40; 85]                               0.183 
OI, units                                                                                                                8.4 [5.9; 11.8]                      9.5 [8.4; 18.3]                             0.364 
MAP, cm H₂O                                                                                                       8.8 [8.5; 9.6]                       8.8 [8.85; 9.5]                             0.748 
VEI, mL/mm Hg                                                                                              0.11 [0.09; 0.12]                  0.09 [0.06; 0.2]                           0.241 
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The cytoplasm of neurons in the striatum was 
homogeneous; cells with chromatin at the nuclear 
periphery were detected, but nucleoli were not de-
tectable in some nuclei. Scattered glial cells were ob-
served near some neurons. Nissl staining of the cells 
showed uniform cytoplasmic staining but no tigroid 
substance. There was also perivascular edema. 

Discussion 
Lactate, pH, and BE levels at birth indicate 

the severity of neonatal asphyxia. Lactate has 
been shown to be more diagnostically significant 
than pH  [22–24]. Our study found multiple cor-
relations between blood lactate at birth and pH, 
BE, and FiO₂, demonstrating lactate's diagnostic 
value in the context of hypoxia. Gjerris A. C. et al. 
investigated this issue and discovered correlations 
between lactate and pH (R=–0.73), standard base 
excess (R=–0.76), and actual base excess (R=–0.83). 
ROC analysis revealed that the lactate concen-
tration threshold for detecting intrauterine as-
phyxia is 8 mmol/L [25]. 

The Apgar score is relatively important in 
the diagnosis of asphyxia in preterm infants be-
cause low scores at birth can be caused by imma-
turity of the surfactant system and respiratory 
center, as well as inadequate development of the 
respiratory muscles [19]. For a more accurate di-
agnosis of asphyxia, the study discovered that 
neonates in group A had a lower median Apgar 
score at 1 minute of life than neonates in group B, 
while lactate levels were higher. Correlation analysis 
revealed a negative correlation between Apgar 
score and lactate level at birth. 

Lactate acidosis diagnosed at birth is associ-
ated with the development of acute respiratory 
failure. All infants with such signs were placed on 
a ventilator. Critical parameters of pH, BE and 
lactate measured in the early neonatal period 
were associated with grade II PIVH in group A 
(non-survivors). 

The study by Tuuli et al. also showed that an 
elevated blood lactate concentration at birth 
(�3.9 mmol/L) increased the risk of adverse out-
comes with a sensitivity of 83.9% (95% CI, 
71.9–92.4%) and specificity of 74.1% (95% CI, 
72.9–75.4%) [26]. 

In addition, Allanson E. R. et al. found an as-
sociation between blood lactate at birth and short-
term neurological outcomes [23] due to hypoxic 
brain injury. The effectiveness of lactate meas-
urement in predicting neurological outcome in 
hypoxic and ischemic encephalopathy has been 
demonstrated. To improve diagnostic accuracy, 
measurement of pH and severity of base deficit is 
recommended [23]. 

In premature infants, PIVH is a leading cause 
of death [27, 28]. Most hemorrhages occur in the 

germinal matrix of the lateral ventricles  [19, 20, 
29]. However, prolonged and treatment-resistant 
perinatal hypoxia causes the hemorrhage to expand. 
With prolonged lactic acidosis, cerebral ventricular 
dilatation occurs, and the initial ventricular hem-
orrhages increase in volume or new hemorrhages 
form and spread to the brain parenchyma sur-
rounding the ventricles.The etiology of PIVH is 
multifactorial. First, prolonged blood desaturation 
has been associated with the development of hem-
orrhages of any severity in brain structures  [30]. 
Second, hemorrhages that occur during pregnancy 
or within the first 12 hours after birth are most 
likely caused by the production of free radicals 
and activation of pro-inflammatory cytokines, as 
well as persistent disturbances in oxygen status 
and metabolism [31, 32]. 

Hemorrhage in the first 72 hours after birth 
is caused not only by the immaturity of the vessels 
in the germinal matrix [33], but also by increased 
cerebral perfusion and fluctuations in systemic 
and cerebral blood flow  [34–37]. Persistent dis-
turbances in gas exchange and blood acid-base 
balance contribute to the development of grade 
III and IV PIVH [9, 31, 38]. It has been demonstrated 
that the severity of the lactic acidosis at birth cor-
relates with the severity of PIVH, which can occur 
as early as 1–2 days after birth. The early neonatal 
period was extremely unfavorable in children with 
severe lactic acidosis that was not reversed in the 
first hours and days after birth, because the hypoxia 
that occurred intrapartum caused irreversible 
damage to the immature brain structures [33, 38]. 

The profound disturbance of oxygen balance 
and the depletion of compensatory responses 
cause a metabolic shift to anaerobic glycolysis, 
which is accompanied by lactate production. The 
high initial level of lactate in the infant's body at 
birth and its subsequent production lead to the 
accumulation of lactate in extracellular structures, 
exacerbating the existing acidosis [39, 40]. Zheng Y. 
and Wang X. demonstrated in an experiment that 
after an episode of cerebral hypoxia, the blood 
lactate level reaches its peak in 2–6 hours, but 
damage to astrocytes and neurons does not occur 
concurrently  [41, 42]. The entire cascade of ab-
normal responses causes brain structure damage 
within 48–96 hours of birth [43]. 

The period of 24–48 hours after birth was 
used to determine the reversibility of the identified 
oxygen status and acid-base disturbances. If hy-
poxia and metabolic lactic acidosis were diagnosed 
in the newborn during this period, the likelihood 
of damage to immature brain structures increased 
in proportion to their severity. Failure of the body 
to respond to treatment aimed at eliminating hy-
poxia and normalizing ABB is most likely a negative 
prognostic factor, because persistent hypoxia and 
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lactic acidosis contribute to disease progression 
and the emergence of new foci of damage to brain 
structures, up to massive ischemic and hemor-
rhagic lesions.  

Prematurity and brain morphological imma-
turity are unfavorable factors that contribute to 
the development of lactic acidosis in the presence 
of severe perinatal hypoxia. 

Conclusion 
Lactic acidosis is one of the criteria for deter-

mining the severity of birth asphyxia. Decompen-

sated lactic acidosis diagnosed at birth in preterm 
infants and resistant to therapy, with laboratory 
values such as pH � 7.15, lactate � 7.5 mmol/L, 
and BE � (–12) mmol/L, is associated with the de-
velopment of peri-intraventricular hemorrhage of 
varying severity. Death is caused by blood tamponade 
and blood leakage into the cerebello-medullary cis-
tern. Failure to respond to treatment aimed at re-
versing hypoxia and restoring acid-base balance is 
a poor prognostic factor.
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Summary 
Polytrauma in children is among the most common causes of death in the pediatric intensive care unit (ICU). 
The aim of this study was to evaluate the effect of systemic corticosteroids (SCS) on the progression, lab-

oratory parameters, and outcomes of severe multiple injuries in children requiring ICU. 
Materials and methods. A retrospective, observational, multicenter (case-control and cross-sectional) 

study included 203 patients from pediatric ICUs across the Russian Federation. The Abbreviated Injury 
Scale (AIS) score was 36.81 (25–48), and the Pediatric Trauma Score (PTS) was 5.2 (2–8). SCS were administered 
to 113 (55.7%) children, 19 (9.36%) of whom died. 

Results. The most severe changes in laboratory parameters, such as an increase in amylase (35.3 vs. 18.3; 
P�0.001) and activated partial thromboplastin time (APTT) (28.9 vs. 25.8; P�0.001), were documented upon 
admission of children with multiple traumatic injuries to the hospital compared with subsequent days of treat-
ment in the ICU. The average fluid volume (as a percentage of age-related fluid requirements) on the first day 
of treatment in the ICU was 118.53% and did not exceed 84.42% on subsequent days (P�0.001). Higher systolic 
blood pressure (SBP) during the first three days of ICU treatment was observed in children treated without 
SCS. SBP tended to decrease by day 5, and then a tendency toward arterial hypertension emerged on days 6–7. 
In children treated with SCS, blood pressure remained stable during the first seven days in the ICU, contribut-
ing to a favorable outcome. 

Conclusion. The use of SCS in children with severe polytrauma from the first day of ICU treatment con-
tributed to the stabilization of hemodynamic parameters and improved control of shock signs. A positive re-
sponse to SCS in these patients can be considered a marker for a favorable disease course during ICU treatment.  

Keywords: corticosteroids; multiple injuries in children; intensive care unit; outcome 
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Introduction 
Severe polytrauma is one of the leading causes of 

death in children, and the younger the child, the higher 
the likelihood of an adverse outcome  [1, 2]. It often 
results in irreversible brain damage and brain death 
due to underlying systemic hypoxia. Although there 
are many guidelines for the treatment of both adults 
and children with polytrauma, most provide only basic 
principles of intensive care and do not adequately 
address the subtleties and details of individual therapeutic 
strategies that significantly affect outcome [3–13]. 

Currently, international guidelines for hemo-
dynamic and respiratory support in pediatric poly-
trauma are lacking, highlighting the need to find 
optimal solutions to this problem. 

One therapeutic strategy widely used in clinical 
practice for patients with polytrauma and shock of 
various etiologies is the use of systemic corticos-
teroids (CS). However, the efficacy of their use raises 
many questions and requires multicenter random-
ized trials. This is particularly true for severe com-
bined spinal trauma, where methylprednisolone is 
commonly used, but the need for and timing of its 
administration remains controversial. 

In 2017, clinical guidelines for the use of 
methylprednisolone in adult patients with spinal 
cord injury were published, noting that methyl-
prednisolone had no significant beneficial effect 
on motor recovery; however, patients prescribed 
it within the first 8 hours of injury had better 
motor recovery at 6 and 12 months. The authors 
do not recommend administering high-dose 
methylprednisolone to adults after 8 hours of 
injury, but continuous infusion of high-dose methyl-
prednisolone for 24 hours is warranted in patients 
hospitalized within the first 8 hours of injury. Con-
tinuous infusion for 48 hours is not recommended. 
Similar results have been reported in pediatric 
practice [14]. Caruso M. C. et al (2017) found that 
the use of high doses of methylprednisolone is as-
sociated with a high probability of complications, 
indicating the need to abandon this therapeutic 
strategy, especially in the absence of convincing 
evidence of severe spinal injury and late hospital-
ization of the child [15]. 

Nonetheless, in the presence of refractory 
septic shock-often a result of severe polytrauma in 
children-the use of systemic corticosteroids is one 
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of the life-saving techniques since patients have 
critical acute adrenal insufficiency [16–18]. 

Based on the above, it can be concluded that 
the use of systemic glucocorticoids in children with 
polytrauma requires further study. 

The aim of this study was to evaluate the 
effects of systemic corticosteroids on clinical and 
laboratory parameters and outcomes of polytrauma 
in children requiring intensive care. 

Patients and Methods  
We performed a retrospective observational 

multicenter study (case-control and cross-sectional 
type) based on the pediatric intensive care units of 
the Northwest Federal District of the Russian Fed-
eration, the Voronezh Regional Children's Clinical 
Hospital No. 1, the V. D. Seredavin Samara Regional 
Clinical Hospital, and the Republican Children's 
Clinical Hospital of the Republic of Bashkortostan. 

Inclusion criteria: 1) age up to 18 years; 2) pres-
ence of polytrauma; 3) need for ICU treatment; 
4) duration of ICU treatment at least 10 days. 

Exclusion criteria: 1) organic brain damage; 
2) congenital and hereditary comorbidities. 

The study included 203 children with severe 
polytrauma who required ICU treatment between 
2010 and 2019. The mean age of the children 
included in the study was 9.5  [4–14] years. There 
were 129 boys (65.55%) and 74 girls (36.45%). Patient 
characteristics are shown in Table 1. 

The parameters studied were systolic blood 
pressure (SBP), diastolic blood pressure (DBP), 
mean arterial pressure (MAP), heart rate (HR), shock 
index (HR/SBP ratio), capillary hemoglobin oxygen 
saturation (SpO₂), blood chloride and lactate levels, 
serum alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) levels, activated partial 
thromboplastin time (APTT), fluid infusion volume 
(as a percentage of age-specific fluid requirements), 
catecholamine index, body surface area, urine out-
put, and disease outcome. The catecholamine index 
was calculated using the formula: 

Dopamine, µg/kg/min +  
dobutamine, µg/kg/min +  
epinephrine, µg/kg/min × 100 +  
norepinephrine, µg/kg/min × 100. 
The study included several phases evaluated 

using cross-sectional analysis and case-control 
evaluation. 

The study was conducted using open-source 
software Linux OS (Fedora 33), Python 3, analytical 
libraries (pandas, matplotlib, sklearn), and graphical 
data presentation tools (matplotlib, seaborn). 

Normality of the data set distribution was 
tested using the Shapiro–Wilk test. Since the data 
set distribution was not normal, all results were 
presented as median (Me) and lower (LQ) and 
upper (UQ) quartiles. Non-parametric statistical 

methods were used to analyze the significance of 
differences between groups. The Wilcoxon test 
was used to test the significance of differences be-
tween two independent groups, and the 
Kruskal–Wallis test was used to evaluate indicators 
in three or more independent groups. The Friedman 
test was used to assess the significance of differences 
between two or more dependent groups (with re-
peated observations). Two-sided P-values were 
used in all tests, and the critical level of significance 
was set at P�0.05. 

The results of the statistical analysis and the 
executable Python notebook code are publicly avail-
able at https://github.com/docinit/hormone_ther-
apy_in_children_with_multiple_injuries. 

Results 
When analyzing the changes in the studied 

parameters over the entire treatment period in the 
ICU, we found that 11 out of 14 parameters had 
statistically significant differences (P�0.05) compared 
to the mean values for the following 10 days of 
treatment (Table 2). 

 The differences found indicate that patients 
remained unstable and required intensive care on 
day 1 of treatment in the hospital. There were fewer 
significant differences on days 2 and 3–10, as well 
as on days 3 and 4–10 of treatment. 

In the second phase of the study, we created 
nine groups of patients according to CS use and 
disease outcome: 1 — all patients; 2 — all patients 
who did not receive CS; 3 — all patients who 
received CS; 4 — surviving patients; 5 — surviving 
patients who did not receive CS; 6 — surviving pa-
tients who received CS; 7 — non-survivors; 8 — 
non-survivors who did not receive CS; 9 — non-
survivors who received CS. 

On different days of observation in each group 
there was a varying number of significant differences: 
the maximum number of significant differences in 
parameters (P�0.05) was found in groups 1, 3, 4 
and 6 on admission to the ICU. In the following 
days, the number of parameters with significant 
differences decreased. 

Thus, we rejected the hypothesis that the use 
of CS does not affect clinical and laboratory param-
eters in children with polytrauma and accepted an 
alternative hypothesis, which implied that the sur-
viving patients who received CS had significant in-
tragroup differences in the studied parameters on 
the first and subsequent observation days (Table 3). 

The next phase of the study revealed intergroup 
differences in the relationship between immediate 
outcomes and the use of CS during the first seven 
days of ICU treatment (Table 4). 

In most cases, a significant difference was found 
between the clinical and laboratory parameters of 
survivors and non-survivors who received CS, as well 
as the group of non-survivors who did not receive CS. 
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We further compared the values of the studied 
parameters for all patients on the first and subse-
quent days of treatment, forming groups for pairwise 
comparison (Table 5). 

We found that the values of clinical and labo-
ratory parameters differed significantly between 
patients who received CS only on the first day of 
treatment and those who received it in later periods; 
these differences were not characteristic of non-
survivors, unlike survivors. The groups of patients 
were similar in terms of outcome (Table 6). 

When CS were administered on any of the 
days of treatment in the ICU, significant differences 
in all analyzed parameters were observed between 
non-survivors and survivors. We also found signifi-

cant differences in the width of the ranges of values 
of the studied clinical and laboratory parameters 
between the created groups of patients, with a nar-
rower range of values in children who received CS. 
The most pronounced differences between patients 
who received CS on different days of treatment in 
the ICU were observed when comparing children 
who received CS only on day 1 (on admission to 
the hospital). In particular, differences were found 
in chloride levels, volume of fluid infusion, and fre-
quency of catecholamine use (all of which were 
lower in children who received CS on day 1). 

Systolic blood pressure levels with the use of 
CS in children with fatal polytrauma deserve special 
attention (see Figure). Children who did not receive 

Table 1. Patient characteristics, N (%) or Me (LQ–HQ). 
Parameter                                                                                                                                                                                                                        Value 

Sex 
Male                                                                                                                                                                                                                129 (63.55) 
Female                                                                                                                                                                                                             74 (36.45) 

Characteristics of injuries 
AIS, points                                                                                                                                                                                                  36.81 (25–48) 
PTS, points                                                                                                                                                                                                      5.2 (2–8) 
Traumatic brain injury + thoracic trauma + abdominal trauma + skeletal trauma                                                            45 (22.16) 
Traumatic brain injury + thoracic trauma + abdominal trauma                                                                                               47 (23.15) 
Traumatic brain injury + thoracic trauma + skeletal trauma                                                                                                      69 (33.99) 
Traumatic brain injury + abdominal trauma + skeletal trauma                                                                                                  84 (41.3) 
Traumatic brain injury + thoracic trauma                                                                                                                                           71 (34.9) 
Traumatic brain injury + abdominal trauma                                                                                                                                    92 (45.32) 
Traumatic brain injury + skeletal trauma                                                                                                                                          174 (85.71) 
Multiple musculoskeletal injuries                                                                                                                                                       181 (89.16) 
Motor vehicle injury                                                                                                                                                                                   63 (31.03) 
Fall from a height                                                                                                                                                                                        58 (28.57) 
Intracranial hematoma                                                                                                                                                                             28 (13.79) 
Subarachnoid hemorrhage                                                                                                                                                                      48 (23.64) 
Intraventricular hemorrhage                                                                                                                                                                   10 (4.23) 

Use of corticosteroids 
Administered                                                                                                                                                                                               113 (55.67) 
Not administered                                                                                                                                                                                        90 (44.33) 
Used only during day 1 of treatment in ICU                                                                                                                                      12 (5.91) 

Outcome 
Survived                                                                                                                                                                                                         184 (90.64) 
Died                                                                                                                                                                                                                   19 (9.36) 
Duration of mechanical ventilation, hours                                                                                                                                    3.11 (0–4.06) 
Duration of treatment in the ICU, days                                                                                                                                              6.93 (1–8) 
Note. AIS — Abbreviated Injury Scale; PTS — Pediatric Trauma Score. 

Table 2. Clinical and laboratory parameters in children with polytrauma. 
Parameter                                                                                                                                                           Values during ICU stay                               Р-value 
                                                                                                                                                                        On day 1                        During days 2–10                    
Systolic blood pressure, mm Hg                                                                                    110.0 (102.7–117.2)            108.0 (95.0–120.0)              0.005 
Diastolic blood pressure, mm Hg                                                                                   64.33 (58.9–70.0)                 61.0 (55.0–70.0)               0.0194 
Mean blood pressure, mm Hg                                                                                         79.78 (73.3–84.78)              77.33 (68.3–86.7)              0.0080 
Heart rate, per minute                                                                                                      105.71 (94.0–115.6)            110.0 (92.0–125.0)            �0.001 
Shock index                                                                                                                              0.95 (0.83–1.11)                   1.0 (0,83–1.24)                �0.001 
SpO₂, %                                                                                                                                     98.78 (98.0–99.8)                99.0 (98,0–100.0)              0.6846 
Chloride, mmol/L                                                                                                               108.9 (104.6–112.9)          108.74 (104.0–112.0)          0.6023 
Lactate, mmol/L                                                                                                                        1.2 (0.0–1.7)                         1.1 (0.0–2.6)                  0.0013 
Amylase, IU/L                                                                                                                           35.3 (0.0–94.0)                    18.3 (0.0–49.7)                �0.001 
Alanine aminotransferase, IU/L                                                                                   39.48 (18.98–77.55)             39.6 (15.2–101.5)             �0.001 
Aspartate aminotransferase, IU/L                                                                                55.81 (34.06–110.0)             62.5 (28.5–163.4)             �0.001 
Activated partial thromboplastin time, s                                                                      28.9 (0.0–33.09)                   25.8 (0.0–31.0)                �0.001 
Fluid infusion volume, % of age-related requirement                                         118.53 (98.96–138.8)          84.42 (60.99–130.5)           �0.001 
Catecholamine index                                                                                                               0.0 (0.0–5.3)                         0.0 (0.0–5.0)                  0.0721 
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Table 3. Analysis of paired samples of patients in the first seven days of treatment in ICU. 
Values                                                                                                                                                                         Values in groups 
                                                                                                                                                 1 (all)                   2 (all without steroids)      3 (all with steroids) 
Chloride, mmol/L                                                                                     110.0 (106.0–116.75)      110.85 (106.75–116.0)        110.0 (105.3–117.0)  
                                                                                                                                   *P=0.0002                            P=0.2838                              P=0.0007 
Alanine aminotransferase, IU/L                                                             41.3 (21.21–93.0)             44.8 (22.0. 103.55)             40.9 (21.02. 85.64) 
                                                                                                                                    P=0.0029                             P=0.0242                               P=0.176 
Aspartate aminotransferase, IU/L                                                       58.75 (36.0–120.65)          60.4 (40.04–125.0)             57.0 (35.3–118.52) 
                                                                                                                                     р<0.001                               р<0.001                               P=<0.001 
Amylase, IU/L                                                                                                51.3 (0.0–120.69)             50.5 (19.22–101.1)              51.3 (0.0–140.43) 
                                                                                                                                     р<0.001                              P=0.0019                               р<0.001 
Diastolic blood pressure, mm Hg                                                            62.0 (55.0–70.0)                63.0 (58.0–72.0)                 61.0 (55.0. 70.0)
                                                                                                                                    P=0.0019                             P=0.0938                              P=0.0078 
Urine output, mL/kg                                                                                   48.0 (33.24–75.5)           48.23 (34.75–79.17)            47.83 (32.94–74.5) 
                                                                                                                                    P=0.0009                             P=0.2918                              P=0.0011 
Shock index                                                                                                     0.91 (0.76–1.09)                0.97 (0.74–1.11)                   0.9 (0.77–1.08)  
                                                                                                                                    P=0.0001                             P=0.7597                               р<0.001 
Fluid infusion volume,                                                                          118.33 (96.21–147.46)    119.03 (99.96. 147.58)       118.26 (94.2. 145.08) 
% of age-related requirement                                                                             P=0.0                                P=0.1117                              P=0.0001 
Catecholamine index                                                                                       5.0 (0.0–7.5)                      2.75 (0.0–7.5)                       5.0 (0.0–7.5) 
                                                                                                                                    P=0.0057                             P=0.4063                              P=0.0233 
Lactate, mmol/L                                                                                               1.2 (0.15–1.9)                      1.4 (1.0–1.8)                       1.2 (0.0–2.08) 
                                                                                                                                    P=0.0004                             P=0.6424                              P=0.0001 
Systolic blood pressure, mm Hg                                                           110.0 (100.0–120.0)        112.0 (100.0–120.25)         110.0 (100.0–120.0) 
                                                                                                                                    P=0.0002                             P=0.1962                              P=0.0002 
Mean blood pressure, mm Hg                                                               78.33 (71.33–87.67)          80.0 (71.33–88.67)            78.33 (71.42–87.33) 
                                                                                                                                    P=0.0003                             P=0.0638                              P=0.0011 
Heart rate, per minute                                                                               102.0 (88.0–118.0)          102.5 (89.0–116.25)          102.0 (85.25–118.0)  
                                                                                                                                    P=0.0118                             P=0.6667                              P=0.0149 
Parameter                                                                                                                  4 (survivors)                   5 (survivors not                     6 (survivors  
                                                                                                                                                                                     receiving steroids)           receiving steroids) 
Chloride, mmol/L                                                                                      110.0 (105.0–115.0)         110.0 (105.5–116.0)          110.0 (105.0–115.0) 
                                                                                                                                     р<0.001                              P=0.0523                              P=0.0001 
Alanine aminotransferase, IU/L                                                           38.48 (19.95–89.52)         44.4 (22.25–117.35)              33.7 (19.3–71.0) 
                                                                                                                                    P=0.0004                             P=0.0117                              P=0.0738 
Aspartate aminotransferase, IU/L                                                       60.4 (43.85–112.95)         60.4 (43.85–112.95)              50.6 (33.2–95.0) 
                                                                                                                                     р<0.001                               р<0.001                                 р<0.001 
Amylase, IU/L                                                                                              63.85 (27.0–143.52)          55.7 (27.5–102.85)              69.4 (27.0–171.2) 
                                                                                                                                     р<0.001                              P=0.0019                               р<0.001 
Diastolic blood pressure, mm Hg                                                            65.0 (60.0–72.0)                65.0 (60.0–72.0)                 61.0 (55.0–70.0) 
                                                                                                                                    P=0.4422                             P=0.4422                              P=0.0001 
Urine output, mL/kg                                                                                  47.83 (32.98–75.0)          48.46 (34.52–79.17)            47.5 (32.22–73.33) 
                                                                                                                                    P=0.0033                             P=0.3763                              P=0.0078 
Shock index                                                                                                     0.93 (0.73–1.09)                0.93 (0.73–1.09)                 0.89 (0.75–1.06) 
                                                                                                                                    P=0.8015                             P=0.8015                               р<0.001 
Catecholamine index                                                                             116.16 (94.27–144.06)      114.7 (98.83–145.83)       117.23 (92.59–143.75) 
                                                                                                                                     р<0.001                               P=0.093                               P=0.0001 
Lactate, mmol/L                                                                                                1.3 (0.0–5.0)                       1.3 (0.0–5.0)                         5.0 (0.0–7.0)  
                                                                                                                                    P=0.6135                             P=0.6135                              P=0.0144 
Systolic blood pressure, mm Hg                                                                  1.3 (0.9–1.9)                       1.3 (1.0–1.7)                         1.3 (0.8–2.0) 
                                                                                                                                    P=0.0003                             P=0.3905                              P=0.0002 
Mean blood pressure, mm Hg                                                               115.0 (100.0–120.0)         115.0 (100.0–120.0)          110.0 (100.0–120.0) 
                                                                                                                                     P=0.332                               P=0.332                                   P=0.0 
Heart rate, per minute                                                                               78.83 (72.0–87.33)           81.0 (73.17–88.67)            78.33 (71.67–86.67) 
                                                                                                                                       P=0.0                                P=0.2954                                  P=0.0 
Catecholamine index                                                                                 100.0 (88.0–115.0)           100.0 (88.0–115.0)             100.0 (84.0–116.0) 
                                                                                                                                    P=0.6786                             P=0.6786                              P=0.0015 
Parameter                                                                                                             7 (non-survivors)             8 (non-survivors              9 (non-survivors  
                                                                                                                                                                                     receiving steroids)           receiving steroids) 
Activated partial thromboplastin time, s                                               24.5(0.0–36.15)                  25.0 (0.0–31.5)                    24.0 (0.0–37.0)  
                                                                                                                                    P=0.0035                             P=0.0983                              P=0.1185 
Catecholamine index                                                                                     7.5 (4.0–14.0)                  14.0 (14.0–30.0)                    5.0 (2.5–10.0)  
                                                                                                                                    P=0.0073                             P=0.1265                              P=0.0364 
Note. * — all P-values are presented as comparisons between the parameters of the first day and those of the following seven days of 
observation.
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CS had higher blood pressure values during the 
first three days of treatment in the ICU, with a de-
crease on day 5 and a tendency to hypertension on 
days 6–7. When CS were administered, the patients' 
blood pressure levels remained stable during the 
first seven days after trauma. 

Clinical and laboratory signs in patients who 
received CS only on day 1 of treatment in the ICU 
were as close as possible to age-related reference 
values, in contrast to patients who received CS on 
other days of treatment in the ICU.  

Discussion 
Corticosteroids are among the few drugs that 

are widely used despite the lack of clear evidence of 
their efficacy and safety, especially in pediatric practice. 
In recent years, several studies have focused on the 
evaluation of steroid levels in patients after trauma 

and the efficacy of their administration for stabilization, 
indicating the relevance of the issue under consider-
ation and the need for a thorough reassessment of 
the available data [19–24]. 

The results obtained suggest that the use of 
steroids provides primary stabilization of the patient 
and promotes the restoration of key biochemical pa-
rameters. The administration of corticosteroid therapy 
on the first day has the greatest effect, and its efficacy 
can serve as a criterion for a favorable outcome, since 
no significant differences were observed in the group 
of non-survivors regardless of the use of corticosteroids, 
whereas a significant positive evolution of the evaluated 
parameters was observed in the group of survivors 
with the use of corticosteroids. We suggest that the 
use of corticosteroids led to a stabilization of home-
ostasis. In particular, the lower limit of the interquartile 
range of systolic blood pressure was lower in patients 

Table 4. Comparative analysis of patient samples during the first seven days of ICU treatment. 
Values                                                                                                                                                                 Values in groups                                               P-value 
                                                                                                                                           6 (survivors          9 (non-survivors     8 (non-survivors  
                                                                                                                                             receiving                     receiving                 not receiving 
                                                                                                                                              steroids)                      steroids)                      steroids)                     
Catecholamine index, LQ                                                                                      5.571                           7.7819                         14.9828               0.0000 
Lactate, LQ                                                                                                                 1.2085                          0.5157                          0.3655                0.0000 
SpO₂, UQ                                                                                                                   98.7448                        98.2378                        99.3208               0.0001 
Activated partial thromboplastin time, LQ                                                  26.9007                        15.3725                        14.1115               0.0004 
Systolic blood pressure, LQ                                                                                109.361                      101.8029                       96.7571               0.0060 
Diastolic blood pressure, LQ                                                                               62.127                         57.9126                        53.8308               0.0111 
Chloride, LQ                                                                                                           110.3991                     112.8445                     112.6637              0.0159 
Mean blood pressure, LQ                                                                                    77.9618                        72.7039                        68.4225               0.0174 
Aspartate aminotransferase, LQ                                                                       87.0879                      118.9305                       62.3428               0.0194 
Amylase*, UQ                                                                                                         167.2604                      31.2796                        90.0558               0.0213 
Amylase*, LQ                                                                                                          117.0766                        0.6165                          6.2633                0.0248 
Lactate, UQ                                                                                                                1.6116                          1.7959                          1.2822                0.0373 
Catecholamine index, UQ                                                                                    9.5239                          26.322                         32.2077               0.0382 
Systolic blood pressure, UQ                                                                              112.6329                     112.3789                     113.3381              0.0383 
Alanine aminotransferase, LQ                                                                           64.2138                        74.3447                        41.1377               0.0437 
Note. UQ — upper quartile; LQ — lower quartile. 

Table 5. Clinical and laboratory in relation to the use of corticosteroids in ICU. 
Parameter                                                                                                                                                     Values in relation to the time                      P-value   
                                                                                                                                                                                 of steroid administration                                   
                                                                                                                                                           Only on day 1                        On any day                      
Activated partial thromboplastin time, s                                                                           27.8 (0–34.05)                 29.2 (26.96–33.68)        0.0461 
Amylase                                                                                                                                         49.3 (0–172.03)                      33 (0–64.48)              0.0215 
Urine output, mL/kg                                                                                                                42.5 (28–58.15)               51.42 (29.06–83.33)      0.0475 
Catecholamine index                                                                                                                    4.5 (0–7.5)                             0 (0–4.38)               �0.001 
Lactate                                                                                                                                                1.2 (0–1.9)                              0 (0–1.3)                 0.0001 
Parameter                                                                                                                                              Only on day 1                     Any day except  
                                                                                                                                                                                                                               for day 1                          
Chloride                                                                                                                                     108 (102.3–110.75)                111 (106–121)           �0.001 
Activated partial thromboplastin time, s                                                                       29.2 (26.96–33.68)                32 (28.78–34.8)           0.0100 
Amylase                                                                                                                                            33 (0–64.48)                     72 (50.08–129.7)         �0.001 
Shock index                                                                                                                                 0.87 (0.78–1.07)                  0.97 (0.81–1.11)          0.0900 
Fluid infusion volume, % of age-related requirement                                           107.43 (82.25–131.56)     129.79 (109.69–160.27)   �0.001 
Catecholamine index                                                                                                                    0 (0–4.38)                            5 (1.25–7.5)              �0.001 
Lactate                                                                                                                                                  0 (0–1.3)                              1.1 (0–1.6)               �0.001 
Parameter                                                                                                                                              Only on day 1                  Not administered                
Catecholamine index                                                                                                                    0 (0–4.38)                                0 (0–5)                   0.0200 
Lactate                                                                                                                                                  0 (0–1.3)                              1.1 (0–1.7)               �0.001 
Parameter                                                                                                                                                     Any day                        Not administered                
Amylase                                                                                                                                            61 (0–141.5)                         39 (0–78.98)             �0.001 
Catecholamine index                                                                                                                       5 (0–7)                                   0 (0–5)                  �0.001 
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who did not receive corticosteroids than in those 
who did, both in survivors and non-survivors (P=0.006). 

Most likely, this was due to the maximum in-
tensity of the therapeutic effect of CS on the first day 
after the trauma. The forced use of CS later in the 
post-traumatic period indicates instability of the pa-
tient's condition, has minimal therapeutic effect and 
serves as a diagnostic marker of unfavorable outcome 
in children with polytrauma. 

The necessity of using CS and their effectiveness 
in patients with severe traumatic brain injury is 
demonstrated by the work of Prasad G. L., who showed 
that the use of dexamethasone at an initial dose of 
12 mg/day in adult patients with mild to moderate 
traumatic brain injury for six days, with a gradual re-
duction of the dose, helps prevent delayed cerebral 
edema. The author noted sustained improvement in 
all patients: the mean time from the first dexam-
ethasone injection to resolution of neurological symp-
toms was 3.8 days. No complications related to the 
use of CS were reported [19]. 

In the 2023 publication, Prasad G. L. discusses 
the need to re-evaluate the efficacy of CS use in 

Table 6. Treatment outcomes in ICU in relation to the use of corticosteroids. 
Parameter                                                                                                                                                      Values in relation to the time                     P-value 
                                                                                                                                                                                 of steroid administration                                   
                                                                                                                                                        Survivors                              Non-survivors                     
Chloride                                                                                                                                108.72 (104–114)                  111.2 (108.74–124)         0.0001 
SpO₂, %                                                                                                                                       99 (98–100)                               98 (98–99)                 �0.001 
Alanine aminotransferase                                                                                              36.75 (20.5–71.1)                     71 (39.375–113)            0.0108 
Activated partial thromboplastin time, s                                                                        30 (24–35)                                  24 (0–38)                   0.0022 
Amylase                                                                                                                            61 (19.6625–129.775)                          0 (0–0)                     �0.001 
Diastolic blood pressure                                                                                                       65 (60–73)                            59.5 (46.75–70)             0.0005 
Catecholamine index                                                                                                               2.5 (0–5)                                     8 (5–20)                    �0.001 
Lactate                                                                                                                                         1.2 (0–1.8)                                  0 (0–1.1)                   �0.001 
Systolic blood pressure                                                                                                      110 (104–120)                         103 (86.5–117)             0.0063 
Mean blood pressure                                                                                              81.333 (73.3333–88.3333)        73.333 (60–86.8333)        0.0011 
                                                                                                                                                                                 Not administered on day 1                                
SpO₂, %                                                                                                                                       99 (98–100)                               98 (98–99)                  0.0491 
Catecholamine index                                                                                                               2.5 (0–5)                                     8 (5–20)                    0.0058 
                                                                                                                                                                                  Administered on any day                                  
Chloride                                                                                                                                108.87 (105–115)                    120 (108.74–139)           �0.001 
SpO₂, %                                                                                                                                       99 (98–100)                               98 (98–99)                 �0.001 
Alanine aminotransferase                                                                                              36.75 (20.5–71.1)                     71 (39.375–113)            �0.001 
Aspartate aminotransferase                                                                                         48.3 (30–83.3875)                     111 (42.1–183)             �0.001 
Amylase                                                                                                                            61 (19.6625–129.775)                          0 (0–0)                     �0.001 
Diastolic blood pressure                                                                                                       65 (60–73)                            59.5 (46.75–70)             0.0005 
Urine output, mL/kg                                                                                                   46.733 (30.5956–72.5)         45.685 (32.75–70.8576)     0.2074 
Shock index                                                                                                                        0.933 (0.7727–1.1)              0.991 (0.8385–1.1919)      0.0272 
Fluid infusion volume, % of age-related requirement                                116.583 (95.027–142.743)   125.884 (93.714–147.917)   0.3323 
Catecholamine index                                                                                                               2.5 (0–5)                                     8 (5–20)                    �0.001 
Lactate                                                                                                                                         1.2 (0–1.8)                                  0 (0–1.1)                   �0.001 
Systolic blood pressure                                                                                                      110 (104–120)                         103 (86.5–117)             �0.001 
Mean blood pressure                                                                                               81.333 (73.333–88.3333)          73.333 (60–86.8333)        0.0001 
Heart rate                                                                                                                                 106 (90–120)                         106 (90–121.25)            0.6672 
                                                                                                                                                                                     Administered on day 1                                     
SpO₂, %                                                                                                                                       99 (98–100)                               98 (98–99)                  0.0080 
Diastolic blood pressure                                                                                                       65 (60–73)                            59.5 (46.75–70)             0.0189 
Fluid infusion volume, % of age-related requirement                                      116.6 (95.03–142.7)                125.9 (93.7–147.9)          0.0100 
Catecholamine index                                                                                                               2.5 (0–5)                                     8 (5–20)                    0.0070 
Systolic blood pressure                                                                                                      110 (104–120)                         103 (86.5–117)             0.0415 
Mean blood pressure                                                                                                     81.333 (73.3–88.3)                  73.333 (60–86.83)          0.0239 
Catecholamine index                                                                                                                 5 (0–7)                                        0 (0–5)                     �0.001 

Fig. Systolic blood pressure in children with fatal polytrauma 
in relation to corticosteroid use (shaded area corresponds to 
95% confidence interval). 
Note. a — no corticosteroids administered; b — corticosteroids 
were administered.
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cerebral edema that cannot be controlled with osmotic 
diuretics [20]. 

The role of CS in the development of the stress 
response and its potential use in the treatment of 
severe polytrauma is also supported by the study by 
Bentley C. et al. who examined the levels of adrenal 
hormones in adult patients during the first hour 
after injury and found that the levels of cortisol and 
11-hydroxyandrostenedione increase rapidly and 
significantly [23]. 

Kwok A. M. et al. (2020) also demonstrated that 
low cortisol concentrations in severe adult polytrauma 
are associated with the need for large volumes of 
blood products, vasopressors, and increased mortality. 
They suggest that testing blood cortisol concentrations 
on admission to hospital may be useful in identifying 
high-risk patients [24]. 

In 2023, a literature review on the early use of 
CS for hemorrhagic shock in adult patients reported 
a lack of research on this topic in recent years, despite 

the wide availability of steroids and their use in 
routine clinical practice, suggesting the need for mod-
ern multicenter studies [22]. 

The positive therapeutic effects of CS in pediatric 
ICU patients are also confirmed in the study by 
Corbet Burcher G. et al. (2018), which showed that 
their use contributes to the reduction of post-traumatic 
stress in children with sepsis and meningoencephalitis, 
although it is associated with a decrease in evening 
salivary cortisol concentration [21]. 

Conclusion 
The administration of corticosteroids in children 

with severe polytrauma on the first day of treatment 
in the ICU helped to stabilize hemodynamic pa-
rameters and reduce signs of shock. A positive re-
sponse to steroids in children with polytrauma can 
be considered a marker of favorable prognosis 
throughout their treatment in the ICU.
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Introduction 
Hypoxia is a common pathophysiological 

process that occurs in any critical illnesses, including 
infectious inflammation. 

During inflammation and hypoxia, the energy 
metabolism of body cells undergoes a systemic re-
arrangement with suppression of aerobic glycolysis 
and oxidative phosphorylation [1]. This response is 
a defense mechanism found in all body cells, in-
cluding immune cells and platelets, and is not de-
signed for long-term function. 

Inflammation and hypoxia lead to an increase 
in endogenous succinate (EnS) levels, which typically 
reach 20 µmol/L under normal conditions. EnS is a 
major pro-inflammatory signaling molecule that 
accumulates as a result of Krebs cycle arrest [2–4]. 
Regulation of the immune response is compromised 
under hypoxic stress conditions, resulting in coag-

ulopathy, uncontrolled coagulation activation and 
thrombotic microangiopathy [5–7]. 

Cells of the immune system play an important 
role in the regulation of blood coagulation, in par-
ticular by promoting platelet thrombus forma-
tion [8-11]. Platelets are essential for the regulation 
of blood coagulation. Platelet aggregation is activated 
when endogenous succinate concentrations reach 
300–500 µmol/L [12–15]. Monocytes [16, 17], neu-
trophils [18], lymphocytes and dendritic cells [19] 
are also important coagulation regulators. 

Some clotting factors, such as thrombin, can 
directly activate immune cells, leading to increased 
production of proinflammatory cytokines  [20]. 
Fibrin helps to recruit and activate immune cells at 
the site of injury or infection [21].  

According to the World Health Organization, 
pneumonia is the leading cause of death in children 
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Summary 
Aim of the study. To improve outcomes in children with severe community-acquired pneumonia (CAP) by 

including succinate-containing crystalloid solution (SCCS) in the treatment plan. 
Materials and methods. The study included 100 patients diagnosed with CAP. SCCS was administered to 

24 patients from the prospective (main) group, divided into 2 equal subgroups of 12 subjects who received 
SCCS with the infusion rate of 2.5 ml/kg/h (subgroup 1) and 5.0 ml/kg/h (subgroup 2). Treatment of 76 patients 
in the retrospective (control) group did not include SCCS. 

Results. Greater decreases in D-dimer (by 418.5 ng/mL vs. 137.0 ng/mL, P=0.026) by day 3 and in fibrinogen 
(by 1.7 g/L vs. 0.2 g/L, P�0.001) by day 3 and (3.8 g/L vs. 0.5 g/L, P=0.002) by day 5 of hospitalization were 
found in children from the main group vs. the control group. Fibrinogen levels decreased in both study sub-
groups, although subgroup 1 had significantly higher fibrinogen levels on day 2 of ICU stay (P=0.034). A sig-
nificant increase in activated partial thromboplastin time (aPTT) of 9.7 seconds was observed on day 3 in the 
main group versus 2.9 seconds in the control group (P�0.001). There was a direct correlation between fibrino-
gen level and neutrophil count on day 2 of ICU stay (R=0.479, P=0.033).  

Conclusion. The use of SCCS in the treatment of severe CAP helps to prevent thrombotic complications, 
reduces hypoxia-induced changes in the coagulation system, and enhances the effects of unfractionated hep-
arin. SCCS infusion at a rate of 5.0 mL/kg/h effectively reduces the levels of hypercoagulation markers, while 
its administration at a rate of 2.5 ml/kg/h potentiates the effects of unfractionated heparin. The effects of SCCS 
on hemostasis in severe CAP are equivalent to those of a moderate anticoagulant. 

Keywords: succinate-containing crystalloid solution; inflammation; pediatric community-acquired 
pneumonia; hypercoagulation; meglumine sodium succinate; Reamberin 
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under the age of five worldwide. Severe 
pneumonia accounts for about 20% 
of deaths in children in the first five 
years of life. Deaths in children with 
pneumonia are more common during 
the active inflammatory phase [22].  

Severe pneumonia is always as-
sociated with a high inflammatory re-
sponse and an increased risk of arterial 
and venous thrombosis, including pul-
monary embolism [23]. 

Normalizing the energy supply 
to the cell suppresses the production 
of inflammatory mediators, preventing 
an excessive immune response and, 
as a result, coagulation disorders. Ex-
ogenous succinate, as part of a succi-
nate-containing crystalloid solution 
(SCCS), freely enters the cell and reg-
ulates energy metabolism, which ben-
efits the coagulation system [23]. 

The aim of the study was to in-
crease the efficacy of the treatment of 
children with severe community-ac-
quired pneumonia (CAP) by adding a succinate-
containing crystalloid solution (SCCS) to the treat-
ment regimen. 

Materials and Methods 
We performed a retrospective-prospective, 

open-label, parallel-group, comparative study with 
patient stratification according to the mode of SCCS 
administration. 

The study was conducted at the Podolsk Clinical 
Hospital from November 2021 to August 2023. The 
study included patients of both sexes aged 2 to 
16 years with a confirmed diagnosis of severe com-
munity-acquired pneumonia who were admitted 
to the intensive care unit and required fluid therapy. 
Informed consent was obtained from the patient's 
legal representative. 

Individual intolerance to the study drugs, trau-
matic brain injury with cerebral edema, renal dys-
function with changes in blood plasma electrolytes, 
urea, and creatinine, impaired blood acid-base bal-
ance such as alkalosis, pregnancy, lactation, and 
documented immunosuppression, both congenital 
and acquired, were non-inclusion criteria. 

The prospective (main) group consisted of 
24 patients with a confirmed diagnosis of CAP and 
indications for fluid therapy, which included an in-
fusion of SCCS, meglumine sodium succinate (Ream-
berin 1.5%, OOO NTFF POLISAN), administered 
once daily at a total dose of 10 mL/kg per day, but 
not more than 400 mL. 

Patients in the main group were divided into 
subgroups according to the rate of SCCS infusion 
using a random number table: 

• Subgroup 1 (N=12): 2.5 mL/kg per hour 
• Subgroup 2 (N=12): 5.0 mL/kg per hour. 
The first SCCS infusion in each subgroup was 

given at the time of admission to the ICU, immedi-
ately after laboratory tests. Subsequent infusions 
were given once a day between 10:00 and 14:00. If 
necessary, the infusions of both subgroups were 
supplemented with 10% glucose and isotonic Stero-
fundin® solutions. The total daily fluid volume was 
limited to a maximum of 75% of the physiological 
requirement calculated according to the Holliday-
Segar formula by continuous intravenous infusion 
throughout the day, with the exception of the SCCS 
administration. 

The retrospective (control) group included 
76 patients aged 2 to 16 years with a confirmed di-
agnosis of CAP and indications for fluid therapy 
who were previously treated in the intensive care 
unit between 2020 and 2023. Solutions containing 
10% glucose and isotonic Sterofundin® were ad-
ministered intravenously. The total amount of fluid 
infused each day was also limited to 75% of physi-
ologic requirements. 

To prevent venous thromboembolic compli-
cations, both groups received a continuous intra-
venous infusion of heparin sodium at a rate of 
10 units/kg/hour from admission until transfer from 
the ICU, with the syringe changed every 6 hours. 

Complete blood count and coagulation pa-
rameters such as activated partial thromboplastin 
time (APTT), international normalized ratio (INR), 
prothrombin index (PI), D-dimer, and fibrinogen 
were evaluated daily. Coagulation parameters were 
measured using a four-channel coagulation ana-

Clinical  studies

Fig. 1. Study flowchart.
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lyzer CoaTest-4 (Astra Research and Development 
Center, Russia). 

Statistical analysis of the study results was 
performed using IBM SPSS Statistics v.26 and Mi-
crosoft Office Excel 2017 (Microsoft Corp., USA). 

Due to non-normal distribution, quantitative 
parameters were presented as median and 25th and 
75th quartiles [Me (Q25; Q75)]. Categorical variables 
were reported as absolute values and percentages 
(number, %). 

Differences in qualitative parameters were 
evaluated using the Pearson χ² test or Fisher's exact 
test when the number of observations in a cell of 
the four-way table was �5. 

Differences in quantitative parameters were 
calculated using the Mann–Whitney U-test. Multiple 
correlation analysis was performed using Spearman's 
rank correlation coefficient. To eliminate the influ-
ence of sex and age, additional pseudorandomization 
was performed by propensity score matching (PSM), 
resulting in the formation of groups comparable 
on these parameters. Differences were considered 
significant at P�0.05. 

Results and Discussion 
The groups were comparable in age (main 

group, 5.0  [2.8; 9.0] years; control group, 6.0  [4.0; 
9.3] years, P=0.298); median body weight (main 
group, 19.5 [13.8; 28.3] kg; control group, 21.0 [16.0; 
28.3] kg, P=0.555). The groups (main vs. control) 
were also comparable in the incidence of cerebral 
dysfunction (8.3% vs. 0.0%, P=0.056), circulatory 
disorders (4.2% vs. 0.0%, P=0.240), and metabolic 
disorders (4.2% vs. 0.0%, P=0.240). Male gender 
was predominant in the control group, 33.3% (8 
patients) vs. 60.5% (46 patients) in the main group 
(P=0.020). 

All patients in both groups had CAP (100.0%) 
and respiratory dysfunction (100.0%). The incidence 
of left-sided CAP in the main group was 20.8% (5 
patients) and 21.1% (16 patients) in the control 
group (P=1.0); the incidence of right-sided CAP was 
45.8% (11 patients) and 47.4% (36 patients), re-
spectively (P=0.895); bilateral CAP was diagnosed 
in 33.3% (8 patients) and 31.6% (24 patients), re-
spectively (P=1.0). 

All patients in both groups received steroid, 
antibacterial, antiviral, and anticoagulant therapy 
with equivalent dosages and routes of administra-
tion. 

Patients receiving SCCS had a more significant 
decrease in fibrinogen concentration on day 3 (by 
1.7 g/L vs. 0.2 g/L, P�0.001) and day 5 of hospital-
ization (by 3.8 g/L vs. 0.5 g/L, P=0.002) compared 
to the control group (Fig. 2, a). 

The main group also showed a more significant 
decrease in D-dimer concentration (by 418.5 ng/mL 
vs. 137.0 ng/mL, P=0.026) by day 3 of ICU stay com-
pared to the control group (Fig. 2, b). 

We found a significant increase in APTT on 
day 3 in the main group — by 9.7 seconds vs. 2.9 
seconds (P�0.001) in the control group (Fig. 2, c). 

PI values decreased by 25.6% in the main 
group and increased by 0.5% in the control group 
by day 5 (P=0.018).  

Platelet count decreased by 63,000 cells in the 
main group and increased by 25,500 cells in the 
control group by day 3 (P=0.045), but by day 5 the 
decrease in platelet count was not statistically sig-
nificant in either group.  

Changes in coagulation parameters in the 
groups from the first to the fifth day of ICU stay are 
shown in Table 1. 

Considering the significant sex differences be-
tween the groups, pseudorandomization was per-
formed, resulting in the selection of 24 patients 

Fig. 2. Intergroup comparison of levels of fibrinogen (a), 
D-dimer (b), and APTT (c) on days 3 and 5 of hospital stay.
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from the control group who were comparable to 
the main group in terms of sex, age, and body 
weight. There were 33.3% (8 patients) males in the 
main group and 41.7% (10 patients) males in the 
comparison group (P=0.766). The median age was 
5.0  [2.8; 9.0] and 6.0  [3.8; 10.4] years, respectively 
(P=0.220). The median body weight was 19.5 [13.8; 
28.3] and 22 [14; 33] kg, respectively (P=0.687). 

After pseudorandomization, there was an even 
more significant decrease in fibrinogen concentration 
(by 1.7 g/L vs. 0.8 g/L, P=0.040) and an increase in 
APTT (by 9.7 sec vs. 3.3 sec, P=0.007) in the main 
group compared with the control group on day 3 of 
hospitalization. We also observed a trend toward a 
reduction in PI in the main group by day 5 of hos-
pitalization. However, the intensity of the decrease 
in D-dimer level (P=0.533), platelet count at day 3 
(P=0.155), and fibrinogen at day 5 of ICU stay 
(P=0.144) did not differ between groups. 

After adjustment for sex, the prospective group 
of children also maintained higher median platelet 
levels on days 2 (308.5 vs. 233.0×109/L, P=0.004), 3 
(312.0 vs. 240.0×109/L, P=0.003), and 4 (354.0 vs. 

231.0×109/L, P=0.010) of ICU stay. No decrease in 
platelet count below reference values was observed 
in either study group. 

Subgroups of patients with different rates of 
SCCS infusion differed significantly in platelet counts 
on day 1 of observation: higher counts were observed 
in the subgroup with a lower rate of SCCS infusion 
(P=0.010, Table 2). On day 4, however, higher platelet 
counts were observed in the subgroup with a higher 
rate of SCCS infusion (P=0.010, Table 2). 

A decrease in fibrinogen concentration was 
observed in both subgroups. However, on the 2nd 
day of ICU stay, lower values were recorded in the 
2nd subgroup of the main group than in the 1st sub-
group (P=0.034, Table 2).  

The main group subgroups differed in APTT 
only on day 4: APTT was higher in subgroup 1 than 
in subgroup 2 (P=0.019, Table 2).  

The subgroups of the main group differed in 
PI values only on day 1: it was higher in subgroup 2 
than in subgroup 1 (P=0.027, Table 2).  

There were no differences in INR values be-
tween the subgroups of the main group (Table 2). 

Table 1. Changes in coagulation parameters in the study groups, Me [Q1; Q3]. 
Day of ICU stay                                                                                                             Values in groups                                                                          P-value 
                                                                                                         Main, N=24                                                        Control, N=76                                            

Platelet count, 109/L 
1                                                                                         316.0 [235.0; 361.3]                                         241.5 [204.0; 376.8]                               0.236 
2                                                                                         308.5 [356.0; 344.0]                                         270.0 [202.8; 343.3]                               0.053 
3                                                                                         312.0 [272.5; 418.0]                                         272.0 [190.5; 327.8]                               0.026 
4                                                                                         354.0 [288.0; 398.0]                                         272.0 [187.5; 311.0]                               0.014 
5                                                                                         296.5 [219.8; 335.8]                                         221.0 [183.0; 298.0]                               0.373 

Fibrinogen, g/L 
1                                                                                                5.0 [4.5; 6.0]                                                       4.1 [3.1; 5.3]                                      0.029 
2                                                                                                4.2 [3.6; 4.5]                                                       4.1 [3.1; 5.1]                                      0.980 
3                                                                                                3.6 [2.7; 4.2]                                                       4.2 [3.0; 4.9]                                      0.122 
4                                                                                                3.4 [2.9; 4.2]                                                       4.0 [3.4; 4.4]                                      0.243 
5                                                                                                3.4 [2.9; 3.9]                                                       4.0 [3.5; 4.7]                                      0.123 

D-dimers, ng/mL 
1                                                                                         624.0 [466.3; 819.8]                                        655.0 [441.0; 1140.5]                              0.573 
2                                                                                         768.0 [590.5; 945.5]                                     1221.5 [1066.5; 1441.3]                           0.267 
3                                                                                         225.0 [213.8; 254.5]                                         631.0 [476.0; 863.0]                               0.001 
4                                                                                         115.0 [115.0; 115.0]                                        756.0 [482.5; 1131.5]                              0.167 
5                                                                                         197.0 [192.5; 201.5]                                        991.0 [512.0; 1105.0]                              0.095 

APTT, s 
1                                                                                            25.5 [22.1; 30.4]                                                28.4 [24.5; 34.2]                                  0.108 
2                                                                                            30.5 [28.5; 35.5]                                                30.4 [26.8; 34.1]                                  0.304 
3                                                                                            33.5 [32.0; 45.2]                                                32.3 [27.6; 35.3]                                  0.063 
4                                                                                            34.9 [29.0; 41.4]                                                33.9 [29.1; 36.4]                                  0.494 
5                                                                                            35.8 [31.5; 43.5]                                                33.9 [30.9; 37.6]                                  0.568 

INR 
1                                                                                            1.04 [0.95; 1.18]                                                 1.1 [1.01; 1.18]                                   0.304 
2                                                                                            1.04 [0.95; 1.10]                                                1.11 [0.98; 1.16]                                  0.026 
3                                                                                               1.0 [0.9; 1.12]                                                  1.05 [0.86; 1.14]                                  0.866 
4                                                                                              1.01 [1.0; 1.09]                                                 1.04 [0.91; 1.12]                                  0.740 
5                                                                                            1.03 [0.96; 1.19]                                                 1.01 [0.92; 1.1]                                   0.644 

PI, % 
1                                                                                           91.9 [86.5; 106.4]                                             97.0 [84.0; 108.0]                                 0.874 
2                                                                                            90.5 [84.8; 96.9]                                               94.5 [84.0; 104.0]                                 0.416 
3                                                                                           87.0 [83.0; 104.0]                                             93.0 [83.0; 104.0]                                 0.313 
4                                                                                            86.2 [85.0; 98.3]                                               97.5 [89.3; 105.0]                                 0.234 
5                                                                                            84.0 [78.9; 97.3]                                               97.5 [92.0; 105.3]                                 0.087 
Note. For tables 1, 2, 3: APTT — activated partial thromboplastin time; INR — international normalized ratio; PI — prothrombin 
index.
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Correlation analysis was performed to assess 
the relationship between inflammation and coagu-
lation parameters. The data are presented in Table 
3. 

There was a direct correlation between fib-
rinogen levels and neutrophil counts on day 2 of 
ICU stay, with a similar trend observed on day 3. 
The increase in fibrinogen levels not only reflects a 
tendency toward hypercoagulability, but also serves 
as an indicator of the intensity of the inflammatory 
response. 

The complex interaction between the coagula-
tion system and inflammation has important scientific 
and clinical implications. Infection-associated co-
agulopathy is closely related to the systemic in-
flammatory response syndrome, which is charac-
terized by excessive release of cytokines and 
chemokines, increased production of interleukin-6 
and -7, tumor necrosis factor-alpha, inflammatory 

chemokines, and hyperactivation of monocytes and 
macrophages [24, 25]. Accumulation of EnS leads to 
stabilization of hypoxia-inducible factor-1 alpha [26]. 
One way to correct an excessive inflammatory re-
sponse and consequently hypercoagulation is to 
treat cellular hypoxia with exogenous succinate (ExS). 
As a component of SCCS, ExS normalizes the energy 
supply of immune cells and platelets, restores electron 
transfer chain function, suppresses glycolysis, and 
helps regulate hypoxia-inducible factor-1 alpha sta-
bility [27, 28]. 

Administration of SCCS was associated with 
potentiation of the effect of heparin. A similar ther-
apeutic result was observed by other authors, who 
did not find potentiation of antiplatelet antibody 
production [29]. 

The use of SCCS as an adjuvant treatment for 
severe pneumonia in children helps to effectively 
eliminate systemic cellular energy deficiency. 

Table 2. Changes in coagulation parameters in the subgroups of the study group, Me [Q1; Q3].  
Day of ICU stay                                                                                               Subgroup of the study group                                                             P-value 
                                                                                                              1, N=12                                                                    2, N=12                                                    

Platelet count, 109/L 
1                                                                                         345.0 [324.0; 371.8]                                         235.0 [199.0; 296.8]                               0.010 
2                                                                                         315.0 [260.5; 411.3]                                         306.0 [255.3; 321.0]                               0.443 
3                                                                                         315.0 [286.0; 463.5]                                         308.0 [275.3; 350.0]                               0.397 
4                                                                                         290.0 [259.8; 313.5]                                         479.5 [398.0; 567.0]                               0.010 
5                                                                                         273.0 [221.0; 296.5]                                         341.0 [271.5; 404.5]                                 0.4 

Fibrinogen, g/L 
1                                                                                                5.5 [4.7; 6.1]                                                       4.8 [3.8; 5.0]                                      0.283 
2                                                                                                4.4 [4.2; 4.6]                                                       3.6 [3.2; 4.2]                                      0.034 
3                                                                                                4.0 [3.1; 4.2]                                                       3.3 [2.4; 3.9]                                      0.397 
4                                                                                                3.1 [2.8; 3.5]                                                       4.6 [4.3; 4.9]                                      0.143 
5                                                                                                2.9 [2.6; 3.4]                                                       3.9 [3.4; 4.2]                                        0.4 

D-dimers, ng/mL 
1                                                                                         624.0 [438.0; 887.5]                                         614.5 [563.5; 665.8]                                 1.0 

APTT, s 
1                                                                                            27.3 [21.7; 31.1]                                                25.3 [22.5; 29.5]                                  0.976 
2                                                                                            31.1 [29.5; 38.5]                                                30.5 [28.5; 33.9]                                  0.456 
3                                                                                            40.1 [32.9; 45.3]                                                33.3 [29.6; 35.1]                                  0.299 
4                                                                                            40.0 [36.7; 43.0]                                                28.2 [27.1; 29.6]                                  0.019 
5                                                                                            40.0 [35.8; 42.3]                                                31.4 [29.6; 38.3]                                     0.7 

INR 
1                                                                                            1.14 [0.95; 1.21]                                                1.03 [0.97; 1.11]                                  0.235 
2                                                                                            1.05 [0.95; 1.09]                                                1.04 [0.96; 1.11]                                  0.771 
3                                                                                            0.95 [0.89; 1.16]                                                 1.0 [0.92; 1.12]                                   0.669 
4                                                                                              1.03 [1.0; 1.09]                                                  1.01 [0.99; 1.1]                                      1.0 
5                                                                                              1.0 [0.91; 1.12]                                                  1.05 [1.0; 1.21]                                   0.700 

PI, % 
1                                                                                           87.5 [83.0; 104.3]                                            104.0 [91.5; 110.0]                                0.027 
2                                                                                            88.5 [84.0; 93.9]                                               94.5 [87.0; 101.5]                                 0.346 
3                                                                                           90.0 [84.5; 104.0]                                               85.5 [83.5; 90.0]                                  0.417 
4                                                                                            85.2 [85.0; 93.3]                                               93.0 [79.0; 101.8]                                 0.610 
5                                                                                            79.0 [78.9; 92.5]                                                89.0 [73.5; 94.5]                                     1.0 
Note. Rate of infusion of the SCCS: subgroup 1, 2.5 mL/kg/hour; subgroup 2, 5 mL/kg/hour.

Table 3. Correlation analysis of the relationship between neutrophil count and coagulation parameters. 
Coagulation parameters                                                                                                                 Neutrophil count 
                                                                                                                Day 1                                                       Day 2                                                       Day 3 
Platelets                                                                           R=–0.185, P=0.409                           R=–0.048, P=0.828                            R=0.089, P=0.754 
Fibrinogen                                                                       R=0.229, P=0.317                             R=0.479, P=0.033                             R=0.496, P=0.071 
D-dimers                                                                          R=0.236, P=0.511                                            —                                          R=–0.400, P=0.600 
APTT                                                                                 R=–0.195, P=0.385                           R=–0.206, P=0.370                          R=–0.359, P=0.188 
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Conclusion 

Positive changes in coagulation parameters 
confirm the efficacy of SCCS (meglumine sodium 
succinate) in the intensive treatment of children 
with severe CAP. SCCS administration at a rate of 

2.5 mL/kg/hour enhances the effect of prophylactic 
doses of unfractionated heparin (10 units/kg/hour). 
SCCS infusion at a rate of 5.0 mL/kg/hour results 
in a decrease in fibrinogen concentration.
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Summary  
Pancreatic ultrasound is employed to assess the structure of the organ and diagnose various conditions. 

However, analyses of pancreatic images of high-risk newborn infants are scarce. 
Aim of the study: to investigate pancreatic echogenicity in high-risk neonates and evaluate the association 

between pancreatic echogenicity and clinical diagnosis. 
Materials and methods. This prospective observational case-control ultrasound study included 105 

neonates admitted to the neonatal intensive care unit or outpatient. The patients were divided into two groups: 
group 1 (high-risk), which included 55 high-risk neonates, and group 2 (control), which included 50 neonates 
of comparable age with no history of high-risk pregnancy or delivery who were presented for medical consul-
tation. Abdominal ultrasound examinations were performed, with a focus on the pancreas. Pancreatic 
echogenicity was classified as hyperechoic, isoechoic, or hypoechoic, relative to the liver. 

Results. No significant difference in pancreatic size was observed between the high-risk and control 
groups. A significant predominance of hyperechogenicity over hypoechogenicity or isoechogenicity was 
found in the high-risk group. A significant difference in echogenicity was found between the high-risk and 
control groups (P=0.0001). Neonates in the control group were more likely to have pancreatic isoechogenicity 
(60%) compared to hyperechogenicity (34%) or hypoechogenicity (6%). In the high-risk group, neonates had 
a higher frequency of pancreatic hyperechogenicity (72.72%) compared to hypoechogenicity (10.9%) or isoe-
chogenicity (16.36%). Notably, 83.3% of infants born to diabetic mothers had a hypoechogenic pattern. Cer-
tain high-risk infants, such as preterm infants and those with perinatal asphyxia, had a higher frequency of 
hyperechogenicity (83.3%). The percentage of hypoechoic pattern was comparable in male and female new-
borns (50%); isoechoic pattern was more prevalent in females (77.3%) than in males (22.2%), while males had 
a more frequent hyperechoic pattern (57.5%). 

Conclusion. Evaluation of the pancreas in high-risk neonates and monitoring of long-term outcomes are 
of critical importance, especially in the infants of diabetic mothers.  

Keywords: high-risk neonates; pancreas; ultrasound; hyperechogenicity; isoechogenicity; hypoechogenic-
ity; neonates 
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Introduction 
The pancreas, an organ located in the abdomen, 

performs both endocrine and exocrine functions. 
It produces hormones that regulate blood glucose 
levels and secretes fluids containing bicarbonate 
and enzymes for digestion. While pancreatic disor-
ders are difficult to detect using imaging techniques, 
ultrasound can detect a variety of conditions in-
cluding pancreatitis, pancreatic insufficiency, cystic 
formations, and pancreatic tumors [1]. Pancreatic 
insufficiency is a condition in which the pancreas 
does not produce enough digestive enzymes to 
break down food in the digestive system [2]. 

Although challenging, imaging of the pancreas 
can provide valuable information about morbidity 
and mortality. Ultrasound is particularly useful for 
examining the pancreas in children because it is 
non-invasive, does not require sedation, and does 
not expose children to ionizing radiation. The effec-
tiveness of ultrasound in evaluating the pediatric 

pancreas is well documented, with children having 
an optimal acoustic window due to their minimal 
adipose tissue and large left hepatic lobe [3].  

The pancreas can be affected by a variety of 
diseases, both focal and diffuse.  

Transabdominal ultrasound can detect acute 
pancreatitis, congenital anomalies, cysts, and tumors. 
However, assessing the pancreatic images may be 
limited because of the variation of pancreatic area 
in echogenicity and size. Although the ultrasound 
investigation provides a rapid, noninvasive, and 
safe method of examining multiple organs in the 
NICU, the knowledge of the neonatal pancreas re-
mains limited. Studies on the echogenicity of the 
neonatal pancreas are still limited. While the 
echogenicity of a normal adult pancreas increases 
with age [4], it may appear isoechoic or hypoechoic 
in children [3]. A marked increase in echogenicity 
in children may indicate conditions such as cystic 
fibrosis [5]. High-risk infants, including those born 
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prematurely or with health 
problems at birth, have an in-
creased risk of morbidity and 
mortality regardless of gesta-
tional age or birth weight. 
These newborns are vulnera-
ble to both immediate and 
long-term health and devel-
opmental problems. Although 
high-risk neonates may pres-
ent with varying degrees of 
pancreatic disease, few studies 
have focused on pancreatic 
imaging in NICU patients. Un-
derstanding the diverse pan-
creatic imaging patterns in high-risk neonates may 
facilitate early detection of a pancreatic pathologic 
pattern(s) and personalize treatment to improve 
outcomes. 

The aim of the study was to investigate pan-
creatic echogenicity in high-risk neonates and eval-
uate the association between pancreatic echogenicity 
and clinical diagnosis in high-risk neonates. 

Material and Methods 
The study was conducted at AL Zhrraa University 

Hospital. It was an observational case-control study. The 
study was approved by the Ethics Committee of the 
Faculty of Medicine for Girls (registration number 
RHDIRB 2018122002 and OHHP Reg.No. IRB00012239 / 
study number 2461). 

Informed consent statement. Informed consent 
was obtained from the parents of the neonates enrolled 
in the study.  

The study period was from November 2023 to June 
2024. We hypothesized that neonates and high-risk 
neonates have specific patterns of pancreatic echogenicity 
and that high-risk neonates may have a different pattern 
than other normal neonates that can be detected by US 
examination. The power was set at 0.8 (80%) to avoid 
false-negative results, with 80% representing a reasonable 
balance between alpha and beta risk. 

Sample size was estimated using the equation:  

A minimum sample size of 101 patients was required 
to achieve a 95% confidence level. The study prospectively 
enrolled 105 patients, including neonates admitted to 
the NICU and controls brought in for consultation. Par-
ticipants were divided into two groups: Group 1 (high-
risk) with 55 neonates and Group 2 (control) with 
50 neonates. The high-risk group included preterm infants, 
infants of diabetic mothers (IDM), and those with perinatal 
asphyxia (PA), jaundice, meconium aspiration (MA), sepsis, 
intrauterine growth retardation (IUGR), and neonates from 
post-date pregnancies. To ensure optimal abdominal visu-
alization, infants with major congenital anomalies, liver 

disease, and necrotizing enterocolitis were excluded  [6]. 
The control group consisted of normal neonates of compa-
rable age with no history of high-risk pregnancy or delivery 
who were presented for medical consultation. The patient 
selection process is illustrated in a flow chart (Figure).  

In addition, laboratory tests were performed for 
blood gases, electrolytes, blood glucose, complete blood 
count, and C-reactive protein (CRP).  

Pancreatic ultrasound examinations were performed 
using a SIEMENS Sonoline Elegra unit with a 3.5 curvilinear 
transducer. Patients were positioned in the supine position 
with the option to move to either side for improved visu-
alization. The echogenicity of the pancreas was assessed 
in relation to the liver, which served as a reference 
point  [7–8]. Pancreatic images were categorized as hy-
perechoic, isoechoic, or hypoechoic compared to the 
liver at a similar depth. The examining radiologist was 
blinded to the clinical diagnoses of the patients. 

Data analysis. The collected data were coded and 
processed. All analyses were performed with IBM SPSS 
version 25.  

Qualitative variables were presented as numbers 
and percentages, while quantitative variables were ex-
pressed as means with standard deviations (SD).  

The data exhibited a normal distribution, allowing 
the use of Student's t-test to compare group means. Chi-
squared test was used to determine statistical significance 
between categorical variables. 

A P value of less than 0.05 was considered statisti-
cally significant. The study used a 95% confidence in-
terval and accepted a 5% margin of error. Therefore, 
two-tailed P values of 0.05 or less were considered sta-
tistically significant. 

Results 
The results are presented in Tables 1–6. 
Demographic and clinical features of the groups. 

While no significant differences were observed be-
tween high-risk and control infants with respect to 
gestational age, sex, body length, head circumference, 
and mode of delivery, significant differences were 
found in birth weight, postnatal age, and Apgar 
scores at 1 and 5 minutes in high-risk infants. 

Fig. Study flow diagram.

         z²×p�(1–p�) n = ——————      ε²
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The corresponding P values were 0.003, 0.0029, 
0.0001, and 0.0001 (Table 1). 

Table 2 shows the clinical diagnoses and their 
frequencies among the patients. In the high-risk 
group, each of the following conditions accounted 
for 10.9% of cases: preterm birth, infants born to di-
abetic mothers, perinatal asphyxia, meconium as-
piration, sepsis, intrauterine growth retardation, and 
post-term pregnancy. In addition, jaundice was ob-
served in 12.72% of the high-risk infants (Table 2). 

Laboratory findings. The high-risk group had 
significant decreases in hemoglobin, RBCs, platelets, 
and blood glucose (P=0.0001, 0.0001, 0.023, and 
0.0001, respectively). In contrast, the control group 
showed significant increases in WBCs and bilirubin 
(P=0.039 and 0.0001, respectively) (Table 3). 

Ultrasonographic evaluation of the pancreas. 
Ultrasonography revealed that the pancreas of the 
studied neonates had well-demarcated borders and 
consistent echogenicity. Pancreatic dimensions did 
not differ significantly between the high-risk and 
control groups (Table 4). 

In the control group, isoechogenicity was ob-
served in 60% of patients, while hyperechogenicity 
and hypoechogenicity were observed in 34% and 
6%, respectively. Conversely, high-risk infants had 

a higher proportion of hyperechogenicity (72.72%), 
followed by isoechogenicity (16.36%) and hypoe-
chogenicity (10.9%). The high-risk group showed a 
significant prevalence of hyperechogenicity com-
pared to the other patterns. Post hoc power analysis 
for dichotomous data (alpha=0.05) in high-risk in-
fants showed 100% power for hyperechogenicity 
versus isoechogenicity and hypoechogenicity. How-
ever, a low power of 12.9% was observed between 
hypoechoic and isoechoic patterns. 

A significant difference in echogenicity was 
found between the high-risk and control groups 
(P=0.0001). The control group showed predominantly 
isoechogenicity compared to hyper- and hypoe-
chogenicity. Post hoc power analysis for dichotomous 

Table 1. The characteristics of the studied groups.  
Parameters                                                                                                                                      Values in groups                                                 P-value 
                                                                                                                                       High-risk, N=55                 Control, N=50  
Gestational age, weeks                                                                                       38.15±3.05                            38.5±1.5                      t=0.734*, P=0.46 
                                                                                                                                        30–44                                   37–41                                          
Birth weight, kg                                                                                                      3.07±0.61                            3.34±0.18                      3.012*, P=0.003 
                                                                                                                                  1.800–4.300                       3.100–3.500                                    
Gender, male/female                                                                                              28/27                                   30/20                       χ²=0.8671, P=0.35 
Postnatal age, day                                                                                                 5.89±3.02                             7.9±3.73                    t=3.047*, P=0.0029 
                                                                                                                                         3–11                                       3–5                                            
Body length, cm                                                                                                   48.82±1.44                           49.1±0.88                      1.188*, P=0.237 
Head circumference, cm                                                                                   34.33±0.68                           34.5±0.47                    t=1.476*, P=0.143 
Mode of delivery                                                                                                                                                                                                           

Normal vaginal                                                                                                       39                                          28                           t=2.4970, P=0.114  
Cesarean section                                                                                                   16                                          22                                             

Apgar score at 1 min                                                                                             4.8±2.03                              7.9±1.34                      9.137*, P=0.0001 
Apgar score at 5 min                                                                                            6.49±1.95                             8.5±1.35                    t=6.082*, P=0.0001 
Note. * — t-Student t-test; χ² — chi-square test.

Table 2. Diagnoses of high-risk newborns and their 
frequency.  
Diagnoses                                                                         Values, N (%) 
Hyperbilirubinemia                                                     7 (12.72) 
Infant of diabetic mother                                            6 (10.9) 
Perinatal asphyxia                                                          6 (10.9) 
Meconium aspiration                                                   6 (10.9) 
Premature rupture of membranes                            6 (10.9) 
Sepsis                                                                                  6 (10.9) 
Prematurity                                                                       6 (10.9) 
Intrauterine growth retardation                                6 (10.9) 
Postdate pregnancy                                                        6 (10.9) 

Table 3. Laboratory findings in the studied groups. 
Parameters                                                                                                                                      Values in groups                                                 P-value 
                                                                                                                                       High-risk, N=55                 Control, N=50  
Hemoglobin, g/dL                                                                                                14.74±1.5                             16.8±1.9                     t=6.194, P=0.0001 
RBC, 10⁶/mm³                                                                                                        4.39±0.85                            5.01±0.04                    t=5.150, P=0.0001 
WBC, 10⁶/mm³                                                                                                     14.32±6.27                         12.42±1.46                   t=-2.091, P=0.039 
Platelets, 10³/µL                                                                                                 192.93±85.71                      225.8±56.23                  t=2.299, P=0.023 
Blood glucose, mg/dL                                                                                        56.89±9.75                           67.3±4.08                    t=7.010, P=0.0001 
Serum bilirubin, mg/dL                                                                                     6.03±4.56                           1.69±0.096                  t=-6.726, P=0.0001 
Note. t — Student’s t-test.

Table 4. Comparison of pancreatic dimensions between the control and high-risk groups. 
Parameters                                                                                                                                      Values in groups                                                 P-value 
                                                                                                                                       High-risk, N=55                 Control, N=50  
Head, cm                                                                                                                    1.1±0.4                               0.94±0.4                         t=1.28, P=0.2 
Body, cm                                                                                                                    0.6±0.04                              0.6±0.15                        t=0.00, P=1.00 
Tail, cm                                                                                                                     0.97±0.14                              1 ±0.14                        t=–1.09, P=0.27 
Note. t — Student’s t-test.
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data (alpha=0.05) in the control group showed a 
100% probability for isoechogenicity versus hypoe-
chogenicity and hypo- and hyperechogenicity com-
bined. In addition, there was a 96.8% probability 
for isoechogenicity versus hyperechogenicity. 

However, the hypoechoic pattern was preva-
lent  (83.3%) in infants born to diabetic mothers. 
Certain high-risk infants, including those born pre-
maturely or with perinatal asphyxia, had a higher 
frequency of hypoechoic patterns (83.3%) (Table 5). 

The occurrence of hypoechoic patterns was 
equally distributed between male and female new-
borns (50%). Isoechoic patterns were more common 
in females (77.3%) than in males (22.2%), whereas 
hyperechoic patterns were more common in males 
(57.5%) than in females (42.5%) (Table 6). 

Discussion 
Ultrasound examination of the pancreas has 

proven valuable in both adults and children. The 
pancreas develops around the fifth week of preg-
nancy, arising from the endodermal lining of the 
duodenum as separate ventral and dorsal buds. As 
a result, this organ is susceptible to several in-
trauterine risk factors, including infection, blood 
glucose fluctuations, and oxygen deprivation. Limited 
research has focused on the pancreas during the 
neonatal period, with no studies specifically exam-
ining high-risk neonates, except for a 1990 investi-
gation of premature infants [9]. Our study aimed to 
characterize the sonographic features of the pancreas 
in high-risk neonates admitted to the NICU. 

The study found no significant differences 
in pancreatic dimensions in the head, body, and 
tail regions between the high-risk and control 
groups. These findings are consistent with previous 
research in healthy neonates  [10–11], although 
D. S. Raut et al. [12] reported lower values. 

The study revealed a marked prevalence of 
pancreatic hyperechogenicity in the high-risk neona-
tal group, whereas isoechogenicity predominated 
in the control neonatal group. Pancreatic echogenic-
ity was assessed using the liver as a reference point. 

In the high-risk group, 72.72% of patients had 
hyperechogenic pancreas, 16.36% had isoechogenic 
pancreas, and 10.9% had hypoechogenic pancreas. 
In the control group, 34% of neonates had hypere-
chogenic pancreas, 60% had isoechogenic pancreas, 
and 6% had hypoechogenic pancreas. A previous 
study found that 60% of healthy newborns had a 
hyperechogenic pancreas [9], while another study 
of newborns, infants, and children up to 19 years of 
age revealed low echogenicity in 10%, isoechoic 
pancreas in 53%, and high echogenicity in 37% [10]. 
Typically, the pancreas in neonates and infants is 
described as slightly more echogenic than the liver. 
However, one study contradicted this and reported 
that the neonatal pancreas was relatively hypoe-
choic  [11].The echogenicity and tissue reflectivity 
of the pancreas may be influenced by the interaction 
of external and internal factors. Increased pancreatic 
echogenicity is attributed to the amount of intra- 
and peripancreatic fat, connective tissue septa be-
tween lobules, and reticular tissue [13]. In addition, 
the densely packed cellular elements in the pancreas 
of newborns and infants contribute to increased 
echogenicity, as it occurs in the kidneys  [14]. In 
older children and adults, increased echogenicity 
may result from fibrosis, lipomatosis, hemosiderosis, 
medications, congestive changes, fatty infiltration, 
and calcification [11]. 

Hyperechogenicity may not necessarily indicate 
disease, especially in preterm infants. A study by 
E. Walsh showed that pancreatic hyperechogenicity 
changes to an isoechoic pattern with age [9]. In this 
study, analysis of echogenicity in various high-risk 
infants showed that preterm infants, neonates with 
perinatal asphyxia or delivered after premature rup-

Table 6. The echogenicity of the pancreas concerning 
sex in the high-risk group. 
Sex                                                              Values, N (%) 
                                     Hypoechoic         Isoechoic          Hyperechoic  
Male                                3 (50)                  2 (22.2)                23 (57.5) 
Female                           3 (50)                  7 (77.3)                17 (42.5) 
Total                              6 (100)                  9 (100)                 40 (100) 

Table 5. The echogenicity of pancreas in the studied groups.  
Groups                                                                                                                                        Values in groups, N (%)                                          P-value 
                                                                                                                                  Hypoechoic         Isoechoic         Hyperechoic                            
High-risk: 
Hyperbilirubinemia                                                                                      1 (14.3)                 1 (14.3)                 5 (71.4)            χ²= 38.06, P=0.0001 
Infants of diabetic mother                                                                          5 (83.3)                    0 (0)                    1 (16.7)                                
Perinatal asphyxia                                                                                            0 (0)                    1 (16.7)                 5 (83.3)                                
Meconium aspiration                                                                                      0 (0)                    2 (33.3)                 4 (66.7)                                
Premature rupture of membranes                                                              0 (0)                       0 (0)                     6 (100)                                 
Sepsis                                                                                                                     0 (0)                    2 (33.3)                 4 (66.7)                                
Prematurity                                                                                                          0 (0)                    1 (16.7)                 5 (83.3)                                
Intrauterine growth retardation                                                                  0 (0)                       0 (0)                     6 (100)                                 
Post-date pregnancy                                                                                        0 (0)                    2 (33.3)                 4 (66.7)                                
Total                                                                                                                    6 (10.9)               9 (16.36)              40 (72.72) 
Control                                                                                                                 3 (6)                    30 (60)                  17 (34)          χ² =20.9818, P=0.0001 
High risk — Control                                                                                                 χ²= 21.3988                                                                  P=0.0001 
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ture of membranes, and infants with IUGR had a 
predominance of hyperechoic pancreatic parenchy-
ma. This may be due to exposure to risk factors 
during the intrauterine and perinatal period that 
could affect blood flow and tissue perfusion or 
cause energy depletion and oxidative stress that 
alter organ structure and metabolism. Pancreatic 
echogenicity in children is related to the volume of 
parenchymal tissue [15].  

Preterm infants have relatively small amounts 
of subcutaneous tissue and intra-abdominal fat, 
which facilitates the examination of abdominal or-
gans. The pancreas was hyperechoic in 83.3% of 
preterm infants and isoechoic in 17.7%, which is 
comparable to the data of E. Walsh et al. who 
reported that normal pancreatic parenchyma in 
preterm and term infants is hyperechoic with respect 
to the liver [9]. This appearance is related to promi-
nent septa within the lobules, large amounts of 
glandular tissue, and supportive reticular tissue 
within the lobules. The shift from predominantly 
hyperechoic patterns in preterm infants to isoechoic 
patterns in term infants observed in our study may 
be explained by near-term changes, including a re-
duction in these tissues and the development of a 
more obvious lobular structure with tightly packed 
glandular components [16]. Follow-up ultrasound 
of premature infants and neonates showed isoechoic 
transformation of the pancreas in some premature 
infants who initially had hyperechogenicity. The 
study concluded that hyperechogenicity relative to 
the liver is common in premature infants and 
neonates [9].  

The present study also identified a high oc-
currence of hypoechoic patterns in infants born to 
diabetic mothers, observed in 83.3% of IDM cases. 
While the reason for this predominant hypoe-
chogenicity in these infants remains unclear, it may 
be attributed to intrauterine metabolic changes 
causing various structural alterations, and diabetic 
fetopathy, which is closely linked to the intensity 
and the time of onset of maternal hyperglycemia. 
According to J. Pedersen's hypothesis, elevated ma-
ternal blood glucose results in fetal hyperglycemia, 
leading to beta cell hypertrophy and subsequent 

hyperinsulinemia [17]. An alternative explanation 
suggests that compromised placental blood flow 
affects fetal and pancreatic development, potentially 
resulting in long-term health issues such as diabetes 
mellitus, hypertension, or cardiovascular disease, 
as proposed by Barker et al [18]. 

Recent studies on fetal liver have demon-
strated that venous circulation reflects the impact 
of maternal hyperglycemia. The umbilical return 
from the placenta is disproportionately directed 
to the fetal liver (exceeding that of normal fetuses). 
The fetal liver is solely responsible for initial fetal 
fat accumulation, regulated by the volume of um-
bilical liver perfusion [19–20]. Hepatic fat depo-
sition causes the liver to appear hyperechoic in 
comparison to the pancreas. Additional factors 
contributing to a hypoechoic pancreas include 
edema, fluid accumulation, and exposure to in-
travenous fluids. 

Ultrasound imaging provides a simple and 
safe method of examining abdominal organs in 
neonates, allowing measurement of the dimensions 
of the liver, pancreas, and spleen [21]. While research 
on the neonatal pancreas is limited, our investigation 
provides important insight into pancreatic disease 
in high-risk infants in the NICU. Study limitations 
include the impact of multiple risk factors and the 
lack of follow-up of the patients studied. Further 
research is needed that focuses on individual risk 
factors and includes follow-up assessments. 

Conclusion 
High-risk neonates have a predominantly hy-

perechoic pattern of the pancreas, whereas normal 
neonates have an isoechoic pancreas. There was 
no significant difference in pancreas size between 
the normal and high-risk neonates. Preterm infants, 
as well as those with perinatal asphyxia, premature 
rupture of membranes, and intrauterine growth re-
tardation, presented with pancreatic hyperechogenic-
ity, whereas infants of mothers with diabetes pre-
sented with pancreatic hypoechogenicity. It is im-
portant to evaluate the pancreas in high-risk neonates 
and monitor long-term outcomes, especially in the 
infants of diabetic mothers.
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Summary 
Aim of the study. To evaluate the feasibility of using non-invasive hemodynamic monitoring technology 

based on Doppler ultrasound during open-heart surgery in children. 
Material and methods. Prospective, observational, single-center cohort study included 20 patients aged 

10 to 34 months undergoing surgery for congenital heart defects. Ten patients underwent atrial septal defect 
closure (ASD group), other 10 patients had ventricular septal defect closure (VSD group). Cardiac 
output (CO) was measured in all patients to guide inotropic and infusion therapy adjustments at three con-
trol time points: (1) after intubation and before skin incision, (2) during the immediate post-bypass period 
with the chest open after weaning from cardiopulmonary bypass (CPB), and (3) after sternal closure and be-
fore transfer to the intensive care unit (ICU). 

Results. At time point 1, the CO values for both the ASD and VSD groups were within the normal reference 
range: 5.2 L/min [4.7; 5.5] and 5.1 L/min [4.6; 5.6], respectively. At time point 2, CO was measured in 15 of 20 
patients, including 8 patients in the ASD group and 7 in the VSD group. Coverage was 75% because of the chal-
lenges of measuring 5 patients on the operating table. In the immediate post-bypass period, two patients with 
VSD (25%) developed hypotension with CO reduced to 3.6 L/min, which is lower than the age-related hemo-
dynamic reference value (5.1 L/min). Inotropic support in these two patients was increased by switching from 
dopamine, 7 mcg/kg/min, to adrenaline at a dose of 0.05 mcg/kg/min, resulting in improvement of hemody-
namic parameters and an increase in CO to 5.2 L/min and 5.0 L/min, respectively, compared to normal age-
related reference values (4.1; 6.1 L/min). After sternal closure, CO values in both groups did not differ signifi-
cantly from age-related reference values. 

Conclusion. The USCOM cardiac output monitoring device can be used to manage intraoperative hemo-
dynamics and adjust inotropic therapy even during open chest surgery. However, its routine use in all stages of 
surgery with median sternotomy is difficult because it requires more time to align the aortic valve projection. 

Keywords: pediatric cardiac surgery; open heart surgery in children; hemodynamic monitoring; intensive 
care; fluid therapy; USCOM device 
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Introduction 
During cardiac surgery, hemodynamics are 

directly dependent on fluid and inotropic sup-
port [1]. In this case, a reliable method to determine 
the need for volume loading is required. The use 
of invasive techniques to determine cardiac output 
(CO) (prepulmonary and transpulmonary ther-
modilution) in children with congenital heart 
disease (CHD) is limited due to the complexity of 
the circulatory system (the presence of intracardiac 
shunts). Several researchers confirm that the differ-
ence between invasive techniques and echocar-
diography can be as much as 30% [2]. 

At the A. N. Bakulev National Medical Research 
Center for Cardiovascular Surgery, ultrasound ex-
amination methods, especially transesophageal 

echocardiography, are performed by a qualified 
ultrasound specialist, including during surgery. 

An Austrian pharmacologist Adolf Jarisch 
(1891–1965) once expressed a view that is still rele-
vant today: «It is a source of regret that measurement 
of flow is much more difficult than measurement 
of pressure. This has led to an undue interest in 
blood pressure measurements. Most organs, how-
ever, require flow rather than pressure». 

Currently, the diagnostic value of central 
venous pressure (CVP) measurement is declining [3]. 
It should be noted that CVP depends on intravascular 
volume, total peripheral vascular resistance (TPVR), 
right ventricular compliance, total pulmonary vas-
cular resistance (TPulmVR), and intrathoracic pres-
sure. CVP may also be elevated in hypovolemia 
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due to right ventricular failure, pulmonary embolism, 
cardiac tamponade, tension pneumothorax, and 
hypervolemia [4]. Therefore, its values depend on 
multiple factors and cannot serve as a «gold stan-
dard» for the assessment of volemia [5]. In cardio-
thoracic surgery after sternotomy, there is an op-
portunity to visually assess ventricular filling and 
contractility. 

Currently, many tests and indices have been 
developed to determine the relationship between 
cardiac output and preload and to predict response 
to fluid therapy [6, 7]. All of these tests are reliable 
only under strict conditions that limit their use in 
different clinical situations [8]. Non-invasive meth-
ods of hemodynamic monitoring are usually more 
accessible and reduce the number of potentially 
dangerous invasive procedures [9,10]. However, for 
monitoring blood pressure in cardiac surgery, it is 
more appropriate to use an invasive method that 
does not «mask» hypotension. A left atrial catheter 
can be used for intraoperative measurement of left 
heart pressure without the use of a Swan–Ganz 
catheter. In young children, the use of single-
channel 18–22 G catheters placed intraoperatively 
into the left atrium via an interatrial communica-
tion (IAC) is preferred. This is an invasive procedure 
that in some cases requires creation of a fenestration 
in the interatrial septum and is therefore used in 
radical repair of severe congenital heart 
disease  (CHD), such as persistent common atri-
oventricular canal (PCAC). The use of such a pro-
cedure is inappropriate in radical surgery for septal 
malformations [11,12]. During open-heart surgery, 
continuous measurement of CVD is performed 
and direct measurement of left atrial (LA) pressure 
is used. With the direct method, it is possible to 
measure pressures in all chambers and major 
vessels of the heart. This technique can also be 
used in patients with severe pulmonary hypertension 
diagnosed by echocardiography without aorto-
coronary angiography.  

Ultrasound can be used to diagnose left or 
right ventricular failure. However, we found no 
studies on the applicability and reliability of USCOM 
measurements in the right ventricular region. USCOM 
measures the velocity of blood flow through the 
aortic and pulmonary valves. Using predetermined 
internal algorithms based on patient height data, it 
calculates the diameters of the aortic and pulmonary 
valves and their cross-sectional areas. Based on the 
valve cross-sectional area and the measured blood 
flow velocity, the USCOM device determines the 
volume of blood pumped by the heart in one 
minute [13]. N. Patel et al. found that the reliability 
of USCOM derived values in neonates is quite 
high [14]. A.U. Lekmanov et al. concluded that the 
parameters of central hemodynamics in children 
with severe burn injuries obtained by invasive and 

non-invasive methods were comparable [15]. Boron-
ina I. V. et al. reported that bedside training under 
instructor supervision is sufficient to learn practical 
skills in USCOM monitoring, with an average of 
50 independent studies required to master the tech-
nique [16]. The statistical significance of data obtained 
using the USCOM technique in children compared 
to older age groups may be attributed to the lower 
incidence or absence of obesity, increased sternal 
thickness, aortic calcification associated with luminal 
narrowing and thickening of the arterial wall, and 
age-related vascular changes that affect signal quality 
and, consequently, the statistical significance of the 
results obtained [17]. 

In 2019, a meta-analysis by Yun Zhang  [18] 
analyzed 26 scientific articles involving 772 patients. 
This meta-analysis found no significant difference 
between cardiac output (CO) and cardiac index (CI) 
measurements using the USCOM device and 
transpulmonary thermodilution: the mean differ-
ence in CO values was –0.06  [95% CI, –0.17 to 
0.05; P=0.31], and the mean difference in CI values 
was –0.04 [95% CI, –0.13 to 0.05; P=0.38]. 

In 2018, Yu-wei Cheng [19] included 60 children 
in her study and measured parameters after cardiac 
surgery for CHD. 

The parameters (HR, CVP, stroke volume index, 
cardiac index, stroke volume change) reflecting 
left ventricular preload obtained by hemodynamic 
testing using PiCCO catheter, TE echocardiography, 
and USCOM were compared. The results showed 
that volume load sensitivity best reflected stroke 
volume change, with noninvasive hemodynamic 
monitoring showing a sensitivity of 84.4% and a 
specificity of 60.7%. This suggests that the USCOM 
can reliably predict the response to ongoing fluid 
therapy in children after correction of CHD, making 
the device essential for the selection of individualized 
fluid therapy. There are no studies on the intraop-
erative use of the USCOM device in cardiac surgery. 
Intraoperative TE echocardiography is highly in-
formative but requires more time than direct meas-
urements. Intraoperative measurement of basic 
hemodynamic parameters using the USCOM device 
is likely to aid in the assessment for the correct 
choice of cardiac support and fluid therapy. 

The aim of the study was to evaluate the fea-
sibility of a non-invasive hemodynamic monitoring 
technique based on ultrasound Doppler evaluation 
during open heart surgery in children. 

Materials and methods 
A single-center, prospective, randomized study 

was conducted with the approval of the local ethics 
committee of the Bakulev National Medical Center 
of Cardiovascular Surgery (protocol No. 002 dated 
April 28, 2022). The study was not pre-registered 
on the Clinical Trials platform. 
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Inclusion criteria: 
— children 11 months to 3 years of age; 
— informed consent from parents or legal 

guardians to participate in the study; 
— septal heart defect requiring surgical cor-

rection under cardiopulmonary bypass via midline 
access; 

— no history of previous open heart surgery. 
Exclusion criteria: 
— severe genetic abnormality; 
— massive blood loss; 
— severe comorbidities; 
— repeated sternotomy in the early postop-

erative period. 
Of the 41 young children with CHD who un-

derwent surgery between March and April 2022, 
20  patients were included in the study. Of these, 
10  patients underwent correction of the atrial 
septal defect (ASD group) and 10 patients under-
went correction of the ventricular septal defect 
(VSD group). No complications were observed in 
the early postoperative period. All children were 
extubated on postoperative day 1. All patients were 
transferred from the ICU to the specialized de-
partments the next day. The structure of all surgical 
procedures is shown in Table 1 and the study flow 
chart is shown in Fig. 1. 

Patients with septal malformations were se-
lected for the study as the most hemodynamically 
stable patients requiring the shortest duration of 
cardiopulmonary bypass (CPB). 

All patients were evaluated three times intra-
operatively with the USCOM device, and the mean 
value was used for analysis. Three control time 
points were selected: when the patient was admitted 
to the operating room, at the end of cardiopulmonary 
bypass, and before transfer to the ICU. At the first 
time point, measurements were taken after tracheal 
intubation and before skin incision while in deep 
sedation (RASS, 5 points). At the second time point, 
measurements were taken with the sternum open, 
after the end of CPB. At this stage, it was not possible 
to perform measurements in five patients due to 
the peculiarities of their positioning on the operating 
table (Fig. 1). At the third time point, measurements 
were performed before transfer to the ICU. 

Patients in both groups were classified as ASA 
risk group 3 or 4 and NYHA class I–II. The groups 
were comparable in terms of the duration of CPB, 
the duration of aortic clamping, the complexity of 
the surgical procedure, and the time to cardiac re-
covery in the postperfusion period. A brief description 
of patient characteristics is presented in Table 2. 

SPSS version 11.5 for Windows (SPSS Inc., 
Chicago, IL) and the analytical add-on for Excel 
2016 were used for data analysis. The sample size 
was not predetermined. 

Data distribution was checked using the 
Shapiro–Wilk test. For normally distributed data, 
the arithmetic mean (M) and the standard error of 
the mean (m) were calculated, and the statistical 
significance of the differences between the means 

Fig. 1. Flowchart of patient inclusion in the study.  
Note. * — control points are detailed in the text. 

Table 1. Surgical interventions in the patient population, N=41. 
Intervention                                                                                                                                                                                                        Cases, N  
VSD repair                                                                                                                                                                                                     10 
ASD repair                                                                                                                                                                                                     10 
Repeated open-heart surgery                                                                                                                                                                  8 
Simultaneous repair of atrial and ventricular septal defects                                                                                                       3 
Radical repair of tetralogy of Fallot (TF)                                                                                                                                              3 
Resection of subvalvular aortic stenosis                                                                                                                                              2 
ASD repair with resection of pulmonary stenosis (PS)                                                                                                                  1 
Palliative surgery for pulmonary atresia (PA)                                                                                                                                    1 
Radical surgery of persistent common atrioventricular canal (PCAC)                                                                                    1 
Surgical correction of Bland-White-Garland syndrome (BWGS)                                                                                               1 
Radical surgery for partial anomalous pulmonary vein drainage                                                                                             1 
and atrial septal defect repair (PAPVD, ASD)                                                                                                                                       
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was assessed using a one-sample Student's t-test. 
Non-parametric descriptive statistics, such as median 
(Me) calculation and the Mann–Whitney test, were 
also employed. The critical two-sided significance 
level was set at P=0.05. 

The limited number of patients in the study 
resulted from the number of surgeries performed 
during the analyzed period. 

Results 

In 15 of 20 (75%) patients, aortic valve area 
measurements were possible during the surgical 
phase with the sternum open (time 2). CO varied 
within the age-standardized range: 5.2 L/min [4.7; 
5.5] in patients with ASD and 5.1 L/min [4.6; 5.6] 
in patients with VSD. After CPB, hypotension was 
observed in two patients (17%) with VSD, with CO 
decreasing to 3.6 L/min, below the age-standardized 
reference value (5.1 L/min) (P=0.032). These patients 
were switched from dopamine 7 µg/kg/min to 
adrenaline 0.05 µg/kg/min. During serial meas-
urements, stabilization of hemodynamic parameters 
was observed with an increase in CO up to 
5.2  L/min. After sternal closure, CO parameters 
were not significantly different from age-related 
reference values. 

The mean CO was 4.9 L/min [4.7; 5.0] in the 
ASD group (P=0.849) and 4.7 L/min [4.6; 5.0] in the 
VSD group (P=0.622). 

The clinical presentation was consistent with 
the values obtained. 

Notably, the accuracy of the measurements 
was influenced by the condition of the patient 
(calm/crying) and the positioning of the sensor. 

For example, in a 2-year-old patient with a 
body weight of 12.5 kg diagnosed with CHD (atrial 
septal defect), CI was 5.1 L/min/m² when calm 
(Fig. 2, a), 4.1 L/min/m² while crying (Fig. 2, b), 
and 2.8 L/min/m² with incorrect sensor positioning 
(Fig. 2, c). 

Discussion 
The problem of hypervolemia in pediatric car-

diac surgery requires special attention. The study 
by Sinitsky L. et al. demonstrated a pattern of de-
velopment of organ dysfunction and prolonged 
duration of mechanical ventilation with a positive 
fluid balance exceeding 13% of initial body 
weight [20, 21]. 

Table 2. Summary of patient characteristics. 
Parameter                                                                                                                                        Values in groups                                                P-value* 
                                                                                                                                              VSD, N=8                              ASD, N=7 
Age, months                                                                                                             20.2±8.6                              19.8±8.8                                   0.9 
Height, cm                                                                                                                85.2±7.9                                80.5±7                                     0.9 
Body weight, kg                                                                                                     11.17±1.9                             10.7±2.1                                   0.5 
Duration of cardiopulmonary bypass, min                                                     48±3                                    43±10                                      0.3 
Aortic clamping time, min                                                                                     23±8                                     21±8                                       0.4 
Volume of blood loss, mL                                                                                     140±27                                  150±1                                      0.2 
Note. Results by age are presented as Me±σ, others as M±m. * — Mann–Whitney test. 

Fig. 2. Example of SI measurement when calm (a), while crying (b), 
and with incorrect sensor positioning (c).
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The use of noninvasive methods for CO mon-
itoring, when properly applied and interpreted, 
may replace the routine use of invasive CO moni-
toring [22, 23]. The USCOM device, when used in-
traoperatively, reliably shows changes in cardiac 
output but requires time for correct positioning of 
the sensor. In particular, measurements were per-
formed after stabilization of systemic pressure and 
CPB, as it was difficult to obtain measurements at 
earlier stages. 

Correct positioning of the transducer, especially 
during surgery, may not always be feasible in all 
patients. In addition, the ultrasound method is op-
erator dependent. 

Pulmonary valve measurements were not per-
formed in this study because of the difficulty of in-
traoperative transducer positioning. During ster-
notomy, the area of the pulmonary artery valve, 
which is difficult to access for measurements even 
under normal conditions, is displaced. 

During the study, the transducer could not be 
positioned correctly in 5 patients (25%); however, 
in 15 patients (75%), the data obtained were con-
sistent with the clinical picture. 

The use of the USCOM device may be useful 
in pediatric cardiac surgery as an adjunct or alter-
native to the routine use of transpulmonary and 
prepulmonary thermodilution. The effectiveness 
of its use in the pediatric intensive care unit has 
also been confirmed by previous studies [15, 24]. 

Training in ultrasound techniques takes little 
time and can be done at the patient's bedside, al-
lowing more staff to master it [16]. The USCOM de-
vice is already widely used in pediatrics because 
the use of noninvasive methods to monitor cardiac 
output in children reduces the risk of complica-
tions [14–16]. 

Conclusion 
The USCOM device can be used for intraop-

erative hemodynamic assessment and selection of 
cardiac support therapy even during open heart 
surgery. However, its routine use in all stages of 
surgery with median sternotomy is challenging be-
cause optimal visualization of the aortic valve 
requires proper patient positioning.
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Introduction 
Birth is characterized by a series of preparatory 

changes in the body, first in the fetus and then in 
the newborn. These changes include a decrease in 
the production of fetal lung fluid and activation of 
its reabsorption, as well as the production of sufficient 
surfactant to maintain surface tension in the open 
alveoli after the first breath  [1]. Stress hormones 
(adrenaline, cortisol, etc.) produced by both the 
mother and fetus in response to natural term delivery 
significantly influence fluid clearance from the 
lungs [2, 3]. 

However, delivery at late preterm gestation 
age (340/7–366/7 weeks), especially via cesarean sec-
tion, disrupts the neonatal adaptation to extrauter-
ine life, which may manifest as acute respiratory 
failure immediately after birth or during the first 
hours of life [4]. Transient tachypnea of the newborn 
(TTN) [5, 6] and surfactant deficiency can lead to 
respiratory distress syndrome (RDS) [5, 7], which 

is associated with fetal fluid retention in the lungs. 
Most neonatal conditions are characterized by 
nonspecific acute respiratory failure (ARF), which 
is also observed in congenital infection (CI) [7–9]. 
When ARF develops in the delivery room, differ-
entiating between TTN, RDS, and CI is extremely 
difficult [5]. Not only are the signs and symptoms 
of these conditions similar, but the morphologic 
changes in the lungs are as well. One study showed 
that hyaline membranes were found in the lungs 
of 93.5% of neonates with an average gestational 
age  (GA) of 28.9±5.3 weeks, a birth weight of 
1404±945  g, and a median life expectancy of 
72 hours  [10]. The causes of hyaline membranes 
were varied and included true surfactant deficiency, 
pneumonia, asphyxia, aspiration, shock, hemor-
rhagic syndrome, and others. Regardless of the 
etiology of ARF, the infant requires prompt and 
appropriate respiratory therapy. In particular, sepsis 
and acute respiratory distress syndrome are the 

44 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 4 ,  2 0 ;  5

https://doi.org/10.15360/1813-9779-2024-5-44-54

Clinical  studies

Efficacy and Safety of a Standardized CPAP Protocol in the Delivery Room 
in Late Preterm Infants with Infectious and Non-Infectious Lung Diseases 

Eugene V. Shestak1,2*, Olga P. Kovtun1, Ekaterina A. Mylarshikova2, Yulia I. Nechaeva2 
1 Ural State Medical University, Ministry of Health of Russia, 
3 Repin Str., 620028 Yekaterinburg, Sverdlovsk region, Russia 

2 Yekaterinburg Clinical Perinatal Center, 
9 Komsomolskaya Str., 620066 Ekaterinburg, Sverdlovsk region, Russia 

For citation: Eugene V. Shestak, Olga P. Kovtun, Ekaterina A. Mylarshikova, Yulia I. Nechaeva. Efficacy and Safety of a 
Standardized CPAP Protocol in the Delivery Room in Late Preterm Infants with Infectious and Non-Infectious Lung Dis-
eases. Obshchaya Reanimatologiya = General Reanimatology. 2024; 20 (5): 44–54. https://doi.org/10.15360/1813-9779-
2024-5-44-54 [In Russ. and Engl.] 

*Correspondence to: Eugene V. Shestak, shestakev@yandex.ru 

Summary 
The aim of this study was to evaluate the efficacy and safety of a standardized protocol of delivery room CPAP 

therapy in late preterm infants with acute neonatal respiratory failure (ARF) caused by various conditions. 
Material and methods. A retrospective comparative study of the efficacy of the standardized CPAP protocol 

in the cohorts of late preterm infants (34–36 weeks) was conducted at the Yekaterinburg Perinatal Center. The 
comparison group (C, N=256) included infants who received CPAP therapy in the delivery room during 
12 months in 2020 before the introduction of the standardized protocol. The study group (S, N=169) included 
infants treated with standardized CPAP in April-December, 2022. The following subgroups were identified in 
groups C and S based on the cause of ARF: transient tachypnea of the newborn (TTN; C: N=100; S: N=89), res-
piratory distress syndrome (RDS; C: N=84; S: N=39), and congenital infection (CI; C: N=54; S: N=37). Other 
causes of ARF in groups C and S were found in 18 and 4 infants, respectively. 

Results. Switching to the standardized CPAP protocol reduced the duration of mechanical ventilation by an 
average of 24 h (P=0.013), the incidence of documented cerebral ischemia (CI) from 64.1% to 53.2% in all sub-
groups (P=0.022), the length of stay in the neonatal ward from 12 to 11 days (P=0.001), and the length of stay in 
the hospital from 16 to 14 days (P=0.001) as well as the incidence of CI in the STTN subgroup vs CTTN (38.2% 
vs. 61.0%, P=0.002). No significant differences were found in the RDS and CI subgroups. The frequency and du-
ration of binasal CPAP and lung ventilation in the neonatal ICU did not differ between subgroups. Pneumoth-
orax within the first 24 h occurred in one patient in group C and in two patients in group S (P=0.339), all of 
whom were diagnosed with congenital infection. No damage to the nasal passages was observed in any group.  

Conclusion. The use of a standardized protocol of CPAP therapy for neonates born after 35 weeks of ges-
tation with respiratory failure of any etiology can significantly reduce the severity and duration of illness and 
should be considered as a basic respiratory strategy in the delivery room when indicated. 

Keywords: newborn; late preterm infants; CPAP; transient tachypnea of the newborn; neonatal respira-
tory distress syndrome; congenital infection 
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leading causes of multiorgan failure and mortality 
in neonates [11]. The primary method of respiratory 
support for neonates of any gestational age with 
moderate ARF is continuous positive airway pres-
sure (CPAP) therapy [12–14]. 

Russian guidelines, such as the Methodological 
Letter of the Ministry of Health of the Russian Fed-
eration on Resuscitation and Stabilization of 
Neonates in the Delivery Room (2020) [15] and the 
National Guidelines for Neonatology (2019)  [16], 
recommend CPAP therapy for children older than 
32 weeks of gestation when ARF develops, but do 
not specify the criteria for initiating therapy, its 
continuation, efficacy, or the technique itself, in-
cluding the required parameters of respiratory sup-
port. In our previous studies, we analyzed the 
severity of TTN in full-term neonates and the type 
of respiratory support used  [17]. Based on these 
data, we developed a standardized protocol for 
CPAP therapy in the delivery room. 

In a subsequent prospective study, the protocol 
was found to be highly effective in reducing the 
severity, duration, and incidence of brain 
ischemia (BI) in TTN [18]. 

The aim of this study was to evaluate the 
efficacy and safety of a standardized protocol for 
delivery room CPAP therapy in late preterm neonates 
with acute respiratory failure caused by various 
conditions. 

Material and Methods 
A single-center, retrospective cohort study was 

conducted on late preterm neonates (340/7–366/7 
weeks of gestation) born at the Yekaterinburg Clinical 
Perinatal Center (YCPC) who underwent CPAP ther-
apy in the delivery room. 

The standardized protocol for CPAP therapy 
in preterm neonates with TTN was approved by 
the local ethics committee of the YCPC (Protocol 
No. 2 dated July 2, 2021). The protocol for CPAP 
therapy in the delivery room for ARF in late preterm 
and term neonates was implemented at the YCPC 
on March 11, 2022 (Decision No. 147). Parents of all 
neonates signed an informed consent for diagnosis 
and therapy, including the use of data obtained for 
scientific purposes. 

The control group (C, N=256) included children 
treated in 2020, before the implementation of the 
protocol. The study group (S, N=169) included chil-
dren hospitalized from April to December 2022, 
after the implementation of the protocol. 

Inclusion and exclusion criteria were the same 
for groups C and S. 

Inclusion criteria: 
— Late preterm birth (GA 340/7–366/7 weeks); 
— Development of ARF within the first 60 min-

utes after birth; 
— CPAP therapy in the delivery room. 

Exclusion criteria: 
— congenital malformations presenting with 

ARF; 
— chromosomal abnormalities; 
— any other condition that could influence 

the results of the study. 
In groups C and S, subgroups of patients were 

identified according to the cause of respiratory dis-
orders in the delivery room: for TTN, the subgroups 
CTTN (N=100) and STTN (N=89); for RDS, the subgroups 
CRDS (N=84) and SRDS (N=39); for CI, the subgroups 
CCI (N=54) and SCI(N=37). 

In addition to TTN, RDS, and CI, the following 
causes of ARF in the delivery room were identified 
in the control group: moderate to severe birth as-
phyxia (N=10), polycythemia (N=3), anemia (N=3), 
and interventricular septal defect (N=2). 

In addition to TTN, RDS and CI, the causes of 
ARF in the study included moderate to severe birth 
asphyxia (N=4). 

All other causes of ARF in the delivery room in 
groups C and S were documented in infants at 
34 weeks' gestation. 

Inclusion and exclusion criteria were consistent 
between control and study subgroups (CTTN and 
STTN, CRDS and SRDS; CCI and SCI). 

Inclusion criteria: 
• for the TTN subgroup, a diagnosis of TTN; 
• for the RDS subgroup, a diagnosis of RDS; 
• for the CI subgroup, a diagnosis of congenital 

infection. 
Exclusion criteria: none. 
The flowchart of group and subgroup recruit-

ment is shown in Fig. 1. 
Description of medical intervention. Stan-

dardized protocol for delivery room CPAP therapy. 
The use of a standardized protocol for delivery 
room CPAP therapy was first studied and described 
in a cohort of preterm infants with TTN  [18] and 
subsequently in those with congenital infection [19]. 
The protocol was developed based on the analysis 
of respiratory therapy in this population  [17] and 
the prognosis of the disease [20]. 

CPAP equipment and methodology. We used 
conventional equipment and supplies available in 
all delivery and operating rooms of the perinatal 
center. When indications were present (described 
below), CPAP was initiated with mask-based CPAP, 
followed by a transition to mononasal CPAP (here-
after referred to as CPAP) for 5 minutes. This was 
delivered via an endotracheal tube (ETT) inserted 
into the child's nasal passage to a depth equal to 
the midpoint of the distance between the earlobe 
and the nasal ala (corresponding to the level of the 
nasopharynx). The transition from mask-based 
CPAP to mononasal CPAP was prompted by the 
need to free the clinician's hands for further assis-
tance to the patient. CPAP was delivered using a 
T-shaped resuscitation breathing circuit (Fisher & 
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Paykel Healthcare Limited, New Zealand), respiratory 
therapy devices integrated into open resuscitation 
stations (ORS), such as the Giraffe Warmer (General 
Electric, USA), BLR-2100 (MEDICOR, Hungary), or 
a separate device capable of titrating oxygen fraction 
and monitoring airway pressure, such as the Neop-
uff™ (Fisher & Paykel Healthcare Limited, New 
Zealand). Within 5 minutes of starting CPAP, the 
clinician placed an orogastric tube in the child and 
left it open. If indicated, ventilation was performed 
with a face mask, with transition to tracheal intu-
bation and invasive ventilation as needed. Starting 
ventilation parameters were PiP 20 cm H₂O, PEEP 
5 cm H₂O, FiO₂ 0.21, and a rate of 40–60/min.  

During the transfer of the patient from the de-
livery room to the NICU, the mode and parameters 
of respiratory support were not changed. Binasal 
CPAP parameters in the NICU were 4–8 cm H₂O, 
with an initial FiO₂ of 0.21. The respiratory support 
device used during transport of the infant to the 
NICU for CPAP or ventilation was the Stephan Re-
animator F120 (Stephan GmbH, Germany) with a 
breathing circuit (Kometaline, Russia). Respiratory 
support devices for CPR in the NICU included the 
Infant Flow CPR (VIASYS Healthcare Inc., USA) and 
the Infant Flow circuit with a set of consumables 
(humidifier chamber, cap, nasal cannulae) (Vincent 
Medical, China). Respiratory support devices for 
NICU ventilation included the Avea (VIASYS Health-
care Inc., USA) and the SLE-5000 (SLE Limited, 
UK). CPAP equipment and technique did not differ 
between groups C and S. 

CPAP parameters. The initial mean airway 
pressure (MAP) was set at 8 cm H₂O with an oxygen 
fraction (FiO₂) of 21%. The oxygen concentration 

could be gradually increased or decreased to main-
tain the saturation (SpO₂) on the right arm in the 
range of 91–95%. CPAP parameters and indications 
for its initiation in the groups are listed in Table 1. 

Indications for initiation of CPAP therapy 
and routing of patients in the delivery room ac-
cording to the protocol. CPAP was initiated according 
to the protocol when the neonate developed ARF 
with Downes score �3 points.  

After 20 minutes of CPAP, the Downes score of 
ARF was assessed:  

• if the score was �3 points, the endotracheal 
tube was removed from the nose and the child was 
monitored by the physician for 5 minutes: 

• if the ARF score remained �3 during this 
period and no other organ or system dysfunction 
was observed, the infant was transferred to the 
neonatal unit (NNU);  

• if the ARF score increased to 3 or higher, 
the clinician resumed CPAP using the MAP and 
FiO₂ parameters described above; 

• CPAP was continued without changing the 
initial parameters if the ARF score remained at the 
baseline level of 3–5 points;  

• if the ARF score increased from 3–4 to 5 or 
more points, or from 5 to 6 or more points, the infant 
was transferred to the NICU with the appropriate 
type of respiratory support (CPAP or ventilation); 

• if the ARF score remained at the baseline 
level of 6 points or increased, the infant was trans-
ferred to the NICU with the appropriate type of 
respiratory support (CPAP or ventilation). 

Similar actions were performed 40 and 60 min-
utes after CPAP initiation. At the same time, the infant 
was transferred to the NICU if the Downes score at 

Fig. 1. Study flowchart. 
Note. C — control group; S — study group; TTN — transient tachypnea of newborns; RDS — respiratory distress syndrome; CI — 
congenital infection.

Table 1. CPAP parameters and indications for CPAP in the delivery room. 
Criterion                                                                                                                                    Control group                                               Study group 
Interface                                                                                                                                     Face mask with switch to nasal mask CPAP 
CPAP therapy when Downes score �4 points                                                                                                  Always 
CPAP therapy when Downes score = 3 points                                               At doctor's discretion                                           Always 
CPAP therapy when Downes score = 2 points                                               At doctor's discretion                                            Never 
МАР, cm Н₂О                                                                                                                              5–10                                                                  8 
FiO₂, %                                                                                                                                                                                 21 
Duration of СРАР, min                                                                                                            5–30                                                             20–60 
Orogastric tube placement within 5 minutes after CPAP initiation                                                        Always 
Note. МАР — mean airway pressure; FiO₂ — fraction of inhaled oxygen; СРАР — continuous positive airway pressure
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60 minutes remained the same 
(3–5 points at 40 minutes) or 
increased (Fig. 2). Neonates were 
transferred from the neonatal 
unit (NNU) and NICU to the 
neonatal pathology unit (NPU) 
if they required additional treat-
ment and monitoring. 

Study Outcomes. 
— Frequency of brain in-

jury (brain ischemia and IVH) 
— Frequency and dura-

tion of mechanical ventilation 
— Frequency and dura-

tion of NICU admission 
— Total length of hospital 

stay 
Methods of outcome as-

sessment. Study outcomes were 
determined by analyzing data 
from primary medical records, 
such as the neonate's medical 
chart. 

CPAP therapy safety pa-
rameters: 

— Air leak syndrome di-
agnosed by radiological exam-
ination within the first 24 hours 
after birth 

— Damage to the nasal 
passages (swelling, bleeding) 
diagnosed by clinical exami-
nation. 

All study parameters were 
recorded throughout the hos-
pital stay at the participating medical center. 

Diagnostic criteria: 
— The diagnosis of TTN was made when other 

causes of ARF were excluded. 
— The diagnosis of RDS was made on the 

basis of characteristic ground-glass opacities in the 
lungs and the absence of clinical and laboratory 
evidence of infection 

— Congenital infection was defined by mani-
festations of infection within the first 72 hours after 
birth; the exact diagnoses were made based on the 
standard definition of cases according to the local 
YCPC protocol: early neonatal sepsis (ICD-10 P36), 
congenital pneumonia (ICD-10 P23), infection spe-
cific to the perinatal period (ISPP) (ICD-10 P39). 
The diagnosis of infection was made both with and 
without a positive bacterial culture from the site of 
infection, based on a combination of clinical, in-
strumental, and laboratory data 

— Prolonged time between rupture of mem-
branes and delivery was defined as amniorrhea oc-
curring more than 18 hours before delivery 

— The diagnosis of BI was made based on 
clinical presentation, neurosonography, and a report 

from a pediatric neurologist; the severity of BI was 
classified according to the Classification of Perinatal 
Neural System Lesions in Newborns (ICD-10 P91.0). 

Principles of sample size calculation. Sample 
size was not calculated in advance. A continuous 
sampling design was employed. 

Methods of statistical analysis. Accumulation, 
correction, systematization of the initial information, 
and visualization of the obtained results were per-
formed using Microsoft Office Excel 2016. Statistical 
analysis was conducted with IBM SPSS Statistics v.27 
(IBM Corporation) and BioStat (AnalystSoft Inc.) 
software. The normality of the distribution of quan-
titative parameters was assessed using the 
Shapiro–Wilk test (for samples with fewer than 
50 values) or the Kolmogorov-Smirnov test (for sam-
ples with 50 or more values). Non-normally dis-
tributed variables were described by the median 
(Me) and lower and upper quartiles (LQ; UQ). Nom-
inal data were represented as absolute values and 
percentages. The Mann–Whitney U-test was used 
to compare quantitative data in independent groups, 
while Pearson's χ² test was applied for qualitative 
variables. When the frequency of a parameter was 

Fig. 2. Routing of neonates during CPAP therapy in the delivery room according to 
protocol (study group) 
Note. CPAP — continuous positive airway pressure; NICU — neonatal intensive care unit; 
NNU — neonatal unit. 
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less than 10, the χ² test with Yates' correction was 
used. The arithmetic mean (M), standard deviation 
(SD), and Student's t-test were utilized to describe 
numerical parameters with a normal distribution. 
Differences were considered significant at P�0.05; 
a two-sided P level of significance was applied. 

Results and Discussion 
When analyzing the general characteristics of 

the neonates, we found that GA and Apgar scores 
at 1 and 5 minutes were comparable in groups C 
and S (Table 2). There were significantly fewer boys 
in group C, and patients in this group were charac-
terized by lower birth weight. 

There were no significant differences in birth 
weight, sex, GA, and Apgar scores at 1 and 5 minutes 
(P�0.05) among the compared subgroups of patients 
with TTN, RDS, and CI. 

Comparative analysis of the incidence of brain 
injury showed that children in the control group 
were diagnosed with brain injury significantly more 
often overall; however, there was no significant differ-

ence in the incidence of mild-to-moderate and severe 
brain injury. The frequency of IVH did not differ sig-
nificantly between groups, including IVH grades 1–2 
and 3–4: 1 case was recorded in the control group 
and none in the study group (Table 3). 

Comparative analysis of respiratory therapy 
(Table 4) in the patient groups showed that CPAP 
therapy in the delivery room was significantly longer 
in group C, in accordance with the implemented 
protocol. Surfactant was administered to a compa-
rable number of patients in both groups. The fre-
quency of binasal CPAP (BinCPAP) in the NICU 
and its duration did not differ between groups. 
Lung ventilation in the NICU was performed in a 
similar number of patients in both groups, but it 
was significantly longer in group C. The frequency 
of hospitalization in the NPU and NICU, as well as 
the duration of hospitalization in the NICU, did 
not differ between the groups; however, the duration 
of stay in the NPU and the total length of hospital-
ization were significantly shorter in group S. One 
case of pneumothorax was recorded in group C 

Table 2. Patient characteristics in groups, Ме (LQ; UQ), N (%). 
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                       Group C, N=256                Group S, N=169 
Gestational age, weeks                                                                                       35 (34; 36)                          35 (34; 36)                         0.063 t-test  
                                                                                                                                   Me=34.792                           Me=34.9                               (0.058)  
                                                                                                                                   SD=±0.826                         SD=±0.803                                     
Male sex                                                                                                                   116 (45.3)                             97 (57.4)                                0.015* 
Birth weight, grams                                                                                                   2310                                     2480                                   0.019* 
                                                                                                                                  (2035; 2640)                       (2140; 2780)                                    
Apgar score at 1 minute, points                                                                          6 (6; 7)                                  6 (6; 7)                                   0.395 
Apgar score at 5 minute, points                                                                          7 (7; 8)                                  7 (7; 8)                                   0.919 
Note. * — significant difference between groups. 

Table 3. Comparison of the incidence of brain injury in patients, number (%) 
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                       Group C, N=256                Group S, N=169 
BI, total                                                                                                                     164 (64.1)                             90 (53.2)                                0.022* 
BI, mild and moderate severity                                                                       157 (95.7)                             89 (98.8)                                 0.169 
BI, severe                                                                                                                     7 (4.3)                                   1 (1.2)                                          
IVH, total                                                                                                                   60 (23.4)                              33 (19.5)                                 0.340 
IVH, grade 1–2                                                                                                        59 (98.3)                             33 (100.0)                                0.456 
IVH, grade 3–4                                                                                                           1 (1.7)                                    0 (0)                                           
Note. * — significant difference between groups. For Tables 3, 5, 6, 8: BI — brain ischemia; IVH — intraventricular hemorrhage.

Table 4. Respiratory therapy and hospital stay in the groups of patients, Ме (LQ; UQ), N (%).  
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                       Group C, N=256                Group S, N=169 
Duration of CPAP in the delivery room, min                                             15 (10; 15)                          40 (20; 40)                             �0.001* 
Administration of surfactant                                                                             40 (15.6)                              21 (12.4)                                 0.357 
BinCPAP in NICU                                                                                                 177 (69.1)                            120 (71.0)                                0.682 
Duration of BinCPAP, days                                                                                   1 (1; 1)                                  1 (1; 1)                                   0.222 
Lung ventilation in NICU                                                                                   40 (15.6)                              24 (14.2)                                 0.688 
Duration of ventilation, days                                                                               3 (1; 5)                                  2 (1; 3)                                  0.013* 
Admitted to NICU                                                                                                180 (70.3)                            120 (71.0)                                0.878 
Duration of NICU stay, days                                                                                1 (1; 3)                                  1 (1; 2)                                   0.217 
Admitted to NPU                                                                                                  242 (94.5)                            154 (91.1)                                0.173 
Duration of NPU stay, days                                                                              12 (10; 18)                            11 (9; 14)                               0.001* 
Total length of hospital stay, days                                                                  16 (12; 21)                          14 (11; 18)                              0.001* 
Pneumothorax within the first 24 hours                                                         1 (0.3)                                   2 (1.1)                                   0.339 
Death                                                                                                                            2 (0.7)                                   0 (0.0)                                   0.250 
Note. * — significant difference between groups. For Tables. 4, 5, 6, 8: CPAP — continuous positive airway pressure; BinCPAP — bi-
nasal CPAP; NICU — neonatal intensive care unit, NPU — neonatal pathology unit.
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compared to two cases in group S. One case of 
pneumothorax during the first 24 hours after birth 
was observed in each subgroup, as well as two 
deaths in subgroup C. 

Subgroup analysis of patients with TTN. Analy-
sis of the incidence of brain injury showed that 
mild and moderate BI were diagnosed more fre-
quently in the CTTN subgroup, and no statistically 
significant difference was found in the incidence 
of grade 1–2 IVH between the compared subgroups. 
No severe BI or grade 3–4 IVH was observed in 
either subgroup (Table 5). 

CPAP therapy in the delivery room was statis-
tically longer in the STTN subgroup. There were no 
significant differences between subgroups in the 
frequency and duration of BinCPAP use in the NICU, 

or in the frequency and duration of ventilation 
(Table 6). 

There were no significant differences between 
subgroups in the frequency of NICU admission, 
NPU admission, or NICU length of stay. Length of 
stay in the NPU and total length of stay in the peri-
natal center were significantly lower in the STTN 
subgroup. 

Only one neonate with TTN was identified at 
340/7–346/7 weeks of gestation in the STTN subgroup, 
and there were no neonates with TTN and CPAP in 
the delivery room in the CTTN subgroup at this ges-
tational age. 

Subgroup analysis of patients with RDS. Analy-
sis of the frequency of detection of brain injury 
showed no differences in the overall frequency of 

Table 5. Comparison of incidence of brain injury, respiratory therapy parameters, and hospitalization character-
istics of patients in the TTN subgroup, Ме (LQ; UQ), number (%). 
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                           СТТN, N=100                         SТТN, N=89 
BI, total                                                                                                                      61 (61.0)                              34 (38.2)                                0.002* 
BI, mild and moderate severity                                                                        61 (100)                               34 (100) 
BI, severe                                                                                                                      0 (0)                                      0 (0)                                           
IVH, total                                                                                                                   18 (18.0)                              15 (16.9)                                 0.836 
IVH, grade 1–2                                                                                                         18 (100)                               15 (100)                                        
IVH, grade 3–4                                                                                                            0 (0)                                      0 (0)                                           
Duration of CPAP in the delivery room, min                                             15 (15; 20)                          40 (20; 40)                             �0.001* 
BinCPAP in NICU, N                                                                                            57 (57.0)                              47 (52.8)                                 0.563 
Duration of BinCPAP, days                                                                                   1 (1; 1)                                  1 (1; 1)                                   0.976 
Lung ventilation in NICU, N                                                                                1 (1.0)                                   2 (2.2)                                   0.493 
Duration of lung ventilation, days                                                                     1 (1; 1)                                  1 (1; 1)                                     1.0 
Admitted to NICU, N                                                                                            58 (58.0)                              47 (52.8)                                 0.473 
Duration of NICU stay, days                                                                                1 (1; 1)                                  1 (1; 1)                                   0.725 
Admitted to NPU, N                                                                                              91 (91.0)                              75 (84.3)                                 0.158 
Duration of NPU stay, days                                                                                10 (8; 13)                              9 (7; 12)                                 0.022* 
Total length of hospital stay, days                                                                  13 (11; 15)                            12 (9; 14)                               0.018* 
Note. * — significant difference between groups. 

Table 6. Comparison of incidence of brain injury, respiratory therapy parameters, and hospitalization character-
istics of patients in the RDS subgroup, Ме (QL; QU), N (%). 
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                             СRDS, N=8                           ИRDS, N=39 
BI, total                                                                                                                      57 (67.9)                              28 (71.8)                                 0.660 
BI, mild and moderate severity                                                                        54 (94.7)                               7 (96.4)                                 0.843# 
BI, severe                                                                                                                     3 (5.3)                                   1 (3.6)                                          
IVH, total                                                                                                                   24 (28.6)                               8 (20.5)                                  0.343 
IVH, grade 1–2                                                                                                         24 (100)                                8 (100)                                         
IVH, grade 3–4                                                                                                            0 (0)                                      0 (0)                                           
Duration of CPAP in the delivery room, min                                            15 (12,5; 15)                         20 (20; 40)                             �0.001* 
Intubated in the delivery room                                                                           1 (1.2)                                        0                                        0.494 
Administration of surfactant                                                                             21 (25.0)                              10 (25.6)                                 0.939 
Surfactant using the INSURE technique                                                       20 (23.8)                              10 (25.6)                                 0.826 
Surfactant through the endotracheal tube                                                     1 (1.2)                                        0                                        0.494 
Surfactant 1 time                                                                                                    20 (23.8)                               9 (23.1)                                  0.929 
Surfactant 2 times                                                                                                     1 (1.2)                                  1 (2.6)                                   0.575 
BinCPAP in NICU, n                                                                                              68 (81.0)                              39 (100)                                0.003* 
Duration of BinCPAP, days                                                                                   1 (1; 1)                                  1 (1; 1)                                   0.302 
Lung ventilation in NICU, n                                                                                 2 (2.4)                                   2 (5.1)                                   0.424 
Duration of lung ventilation, days                                                                     2 (1; 3)                                  1 (1; 1)                                   0.617 
Admitted to NICU, n                                                                                             69 (82.1)                              39 (100)                                0.005* 
Duration of NICU stay, days                                                                                1 (1; 1)                                  1 (1; 1)                                   0.171 
Admitted to NPU, n                                                                                               84 (100)                               39 (100)                                    1.0 
Duration of NPU stay, days                                                                              15 (12; 22)                          16 (12; 23)                               0.662 
Total length of hospital stay, days                                                                 19 (14.5; 25)                         20 (16; 25)                               0.342 
Note. # — Chi-square test with Yates correction. * — significant difference between subgroups. For Tables 6, 8: INSURE — sur-
factant administration technique including tracheal intubation, surfactant administration, tracheal extubation.



50 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 4 ,  2 0 ;  5

Clinical  studies

brain injury, including mild, moderate, and severe 
BI, among the subgroups. No significant differences 
were found in the incidence of grade 1–2 IVH. No 
grade 3–4 hemorrhage was observed in any of the 
subgroups (Table 6). Comparative analysis of res-
piratory therapy parameters showed that the du-
ration of CPAP in the delivery room was significantly 
shorter in the CRDS subgroup; the frequency of 
BinCPAP use in the NICU was lower in the CRDS 
subgroup, with the same median duration of 1 day, 
and the frequency of ventilation and its duration 
were comparable between the subgroups. Only 
1 infant in the CRDS subgroup was intubated in the 
delivery room. Surfactant was administered in 25% 
of patients in both subgroups. Analysis of the meth-
ods and frequency of surfactant administration 
showed no statistically significant differences. The 
frequency of NICU admission was higher in the 
SRDS subgroup, with the same median NICU length 
of stay of 1 day. All patients in both subgroups 
were treated in the NICU with a comparable length 
of stay, while the total length of stay in the perinatal 
center was 19 (14.5; 25) days in the CRDS subgroup 
and 20 (16; 25) days in the SRDS subgroup, with no 
statistically significant difference. Eighty-two (97.6%) 
infants in the CRDS subgroup and all 39 (100%) 
infants in the SRDS subgroup were enrolled during 
week 340/7–346/7 of GA. 

Subgroup analysis of patients with CI. No sta-
tistically significant subgroup differences were found 
in the incidence of congenital pneumonia, early 

neonatal sepsis, and infections specific to the peri-
natal period (Table 7). 

The frequency of CI was comparable in the sub-
groups, including mild, moderate, and severe. Twen-
ty-five percent of patients in both subgroups had 
IVH, including grade 1–2 IVH. Only one case of grade 
3–4 IVH was observed in the CCI subgroup (Table 8). 

CPAP duration was significantly shorter in the 
CCI subgroup; the frequency of BinCPAP use in the 
NICU and its duration did not differ. Surfactant 
was administered to a similar number of patients 
in both subgroups. The percentage of patients re-
ceiving mechanical ventilation did not differ, but 
the duration of mechanical ventilation was signifi-
cantly longer in the CCI subgroup (Table 9). The fre-
quency of admission to the NICU did not differ be-
tween the subgroups, but the duration of treatment 
for children in the NICU was longer in the CCI sub-
group. A similar number of patients were admitted 
to the NPU in both subgroups, though the hospital 
stay was longer in the CCI subgroup, without a sta-
tistically significant difference. 

Two deaths were documented in the CCI sub-
group (P=0.241). The hospital stay was significantly 
longer in this subgroup. 

Adverse events. Pneumothorax during the first 
24 hours occurred in one patient in the control 
group and in two patients in the study group 
(P=0.339); all 3 patients were diagnosed with infec-
tion. No damage to the nasal passages was observed 
in the studied groups. 

Table 7. Diagnoses in patients of CI subgroups, Me (LQ; UQ), N (%)  
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                              СCI, N=54                              SCI, N=37 
Congenital pneumonia                                                                                       23 (42.5)                              17 (45.9)                                 0.752 
Early neonatal sepsis                                                                                           17 (31.4)                               9 (24.3)                                  0.458 
Infection specific for the perinatal period                                                    14 (25.9)                              11 (29.7)                                0.690 

Table 8. Comparison of incidence of brain injury, respiratory therapy parameters, and hospitalization character-
istics of patients in the CI subgroup, Ме (LQ; UQ), number (%). 
Parameter                                                                                                                                        Values in groups                                                 P-value 
                                                                                                                                              СCI, N=54                              SCI, N=37 
BI (N), of them:                                                                                                       34 (62.9)                              26 (70.2)                                 0.471 

BI, mild and moderate severity (N)                                                         30 (88.2)                              26 (100)                                 0.198  
BI, severe (N)                                                                                                     4 (11.8)                                   0 (0)                                           

IVH (N), of them:                                                                                                    14 (25.9)                               9 (24.3)                                  0.863 
IVH, grade 1–2 (N)                                                                                          13 (92.8)                                9 (100)                                   0.820 
IVH, grade 3–4 (N)                                                                                            1 (7.2)                                    0 (0)                                           

Duration of CPAP in the delivery room, min                                             15 (10; 15)                          40 (20; 40)                             �0.001* 
Administration of surfactant, N                                                                        19 (35.1)                              11 (29.7)                                 0.587 
BinCPAP in NICU, N                                                                                             52 (96.2)                              34 (91.8)                                 0.366 
Duration of BinCPAP, days                                                                                   2 (1; 3)                                  1 (1; 2)                                   0.064 
Lung ventilation in NICU, N                                                                              37 (68.5)                              20 (54.0)                                 0.162 
Duration of lung ventilation, days                                                                     3 (2; 5)                                  2 (1; 3)                                  0.032* 
Admitted to NICU, N                                                                                            53 (98.1)                              34 (91.8)                                 0.153 
Duration of NICU stay, days                                                                                5 (3; 7)                                  3 (2; 6)                                  0.024* 
Admitted to NPU, N                                                                                              49 (90.7)                              36 (97.2)                                 0.216 
Duration of NPU stay, days                                                                              14 (10; 18)                          11 (9; 14.5)                               0.075 
Death, N                                                                                                                       2 (3.7)                                        0                                        0.241 
Total length of hospital stay, days                                                                 19,5 (16; 23)                         16 (13; 19)                              0.037* 
Note. * — significant difference between subgroups. 
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Discussion 

BI was diagnosed less frequently in the study 
group than in the control group, 53.2% vs. 64.1% 
(P=0.022). However, a significant difference in BI 
was found only in patients with TTN, 38.2% vs. 
61.0% (P=0.002). After the implementation of a 
standardized protocol for CPAP therapy in the 
routine work of the perinatal center, the frequency 
of CPAP use in the delivery room significantly de-
creased in this cohort of children (P=0.018). In the 
group of premature neonates who received CPAP 
therapy according to the protocol, positive results 
were observed regarding the severity and duration 
of the diseases that caused ARF, namely a decrease 
in the frequency of BI and the total length of hospital 
stay from 16 to 14 days (P=0.049). 

Treatment of patients with TTN according to 
the CPAP therapy protocol had a significant effect 
on their clinical status: the duration of mechanical 
ventilation was reduced by an average of 1 day 
(P=0.013), the frequency of BI was reduced from 
64.1% to 53.2% (P=0.022), the length of stay in the 
NPU decreased from 12 to 11 days (P=0.001), and 
the total length of hospital stay was reduced from 
16 to 14 days (P=0.001). 

In the group of patients with RDS, the CPAP 
protocol was not effective but was associated with 
an increase in the frequency of NICU admission 
from 82.1% to 100% of patients (P=0.005). 

In patients with CI, the use of the protocol re-
sulted in a decrease in severity and duration of 
illness: a decrease in duration of mechanical venti-
lation from 3 to 2 days (P=0.032), a decrease in du-
ration of NICU stay from 5 to 3 days (P=0.024), and 
a decrease in total hospital stay from 19.5 to 16 
days (P=0.037). 

Analysis of diagnoses and GA showed that at 
340/7–346/7 weeks, 121 (98.3%) out of 123 infants 
with RDS were enrolled in the control and study 
groups, and only 1 (0.5%) infant with TTN out of 
189 patients in the control and study groups. In 
contrast, patients with CI were observed at all ges-
tational ages, but their numbers were significantly 
lower compared to those with TTN and RDS. A 
large national multicenter study showed that 
80–100% of neonates admitted to the NICU at 
340/7–366/7 weeks' gestation required respiratory 
support, and the most common cause of ARF in 
this study was RDS  [21]. The median GA in this 
study was 34.0 (34.0; 35.0) weeks, which correlates 
with our findings. 

Due to the proven efficacy of the CPAP protocol 
in patients with TTN and the lack of a positive 
effect in patients with RDS, we decided to change 
the protocol indications for CPAP therapy, specifically 
by increasing the minimum GA to 350/7 weeks. 

Comparison of the control and study groups 
showed that the main causes of ARF in the delivery 

room in late preterm neonates with GA of 
350/7–366/7 weeks (N=247) were: 

— TTN (N=188; 76.1%); 
— CI (N=57; 23.1%); 
— RDS (N=2; 0.8%). 
According to previous studies, the incidence 

of TTN increases with decreasing GA at birth: 
0.2–0.6% in preterm neonates [22, 23], 5% in neonates 
at GA 35–36 weeks, and up to 10% in neonates at 
33–34 weeks gestation  [24–26]. Intrauterine fetal 
infection is the most established factor for premature 
rupture of membranes and preterm birth [27, 28], 
and stillbirths due to congenital infection can be as 
high as 10–25%, even in countries with high so-
cioeconomic levels  [29–31]. The concept of early 
neonatal infection is typically defined by the onset 
of symptoms in the first 72 hours after birth [32]. In 
the delivery room, when the primary respiratory dis-
order develops, the differential diagnosis of TTN and 
CI is challenging. The clinical presentation of ARF in 
newborns is not specific, and both conditions do not 
have characteristic symptoms. Laboratory diagnosis 
of CI in the delivery room is limited due to the absence 
of changes in complete blood count and inflammatory 
markers (C-reactive protein and procalcitonin) in 
most cases in the first hours after birth, and radiologic 
examination is cumbersome [6, 7, 32]. The need for 
immediate care of the infant prompted us to conduct 
several studies to develop and evaluate the efficacy 
of a standardized respiratory therapy protocol, re-
gardless of the primary condition, based solely on 
the assessment of ARF. Taking into account the above 
data, the developed protocol for CPAP therapy can 
be considered as a universal method for the treatment 
of ARF in the delivery room for preterm and premature 
infants from 35 weeks of gestation, provided the pro-
tocol criteria are met. 

Brain ischemia resulting from respiratory dis-
orders and hypoxemia has been described as a con-
sequence of RDS and infection [33], but no studies 
have been found to suggest an association between 
brain damage and TTN in late preterm infants. 

Our previous studies on TTN in preterm infants 
have shown an association of this condition with 
functional and biochemical changes in the brain, 
characterized by a low level of cerebral oxygenation 
after birth and its gradual increase [34], as well as 
lower levels of nerve growth factor beta (NGF-β) 
6–12 hours after birth compared to healthy preterm 
infants [35]. Furthermore, the use of a standardized 
protocol of CPAP therapy in the delivery room in 
preterm infants with TTN reduced the incidence of 
BI (from 85.5% to 29.1%, P=0.001), the incidence of 
infant admission to the NICU (from 70.3% to 18.2%, 
P=0.001), and the total length of hospital stay (from 
10 (7; 12) to 3 (2; 7) days, P=0.001)  [16]. On the 
other hand, the use of the same CPAP protocol in 
preterm infants with infections did not affect the 
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incidence of the above outcomes but also did not 
worsen their condition [19]. 

Considering that TTN is the most common 
cause of ARF in the delivery room in neonates born 
over 350/7 weeks of gestation, and that TTN and CI 
together account for 95–99% of ARF cases, the ap-
plication of the CPAP protocol in late preterm 
neonates at GA over 350/7 weeks with ARF of any 
etiology is justified from both a scientific and 
practical perspective as a standardized method that 
significantly reduces the severity of the disease and 
the duration of treatment. 

Study limitations: 
1. Single-center, retrospective nature of the 

study. 

2. Significant differences in baseline charac-
teristics of the control and study groups regarding 
sex and birth weight, which may have a confounding 
effect. 

Conclusion 
The developed standardized protocol of CPAP 

therapy in the delivery room has demonstrated 
high efficacy and safety and can be recommended 
as a basic method of therapy for late preterm 
neonates. The maximum efficacy of the protocol 
was achieved in patients with TTN, which is the 
predominant cause of ARF in this cohort.
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Summary 
The availability of central venous access is the cornerstone of contemporary pediatric oncology and hema-

tology. As a result, the percentage of pediatric patients receiving infusion chemotherapy who require a central 
line remains high. Central venous catheter insertion can be associated with procedural complications, includ-
ing life-threatening ones. 

Aim to investigate the potential factors leading to complications during central venous catheterization in 
order to develop preventive strategies. 

Materials and methods. The study included 1,512 original cases of patients aged 1 month to 20 years treated 
at the D. Rogachev National Research Medical Center between 2019 and 2022. The following 10 complications 
were examined: failed first venipuncture attempt, guidewire/catheter malpositioning, guidewire knotting, life-
threatening arrhythmias, guidewire entrapment in the trabecular network of the right ventricle, arterial punc-
ture, pneumothorax, hemothorax, puncture of lung parenchyma, Horner's syndrome. In addition, four rare 
complications were noted, including phrenic nerve injury, cardiac tamponade, alveolar hemorrhage, and ar-
terial pseudoaneurysm. 

Results. The primary cause of all complications was direct mechanical injury to anatomical structures by 
a needle or guidewire/catheter. When inadvertent vascular injury and bleeding occur, the resulting hematoma 
may lead to further damage by compressing soft tissues. Excessively deep insertion of the guidewire may cause 
its knotting or cardiac arrhythmias. Adequate physician training and strict adherence to procedural protocols 
are essential to avoid these complications. 

Conclusion. Central venous catheterization remains a procedure with potential complications. Although 
ultrasound guidance does not eliminate all risks, it increases the likelihood of successful venipuncture at the 
first attempt, thereby reducing complication rates. Recognizing the potential causes of procedural complica-
tions during central venous access placement, including uncommon ones, facilitates early diagnosis and ap-
propriate medical intervention.  

Keywords: central venous catheter; central venous catheterization in children; complication of central 
venous catheter placement in children; pneumothorax; hemothorax; neurological disorders in children; car-
diac tamponade; pseudoaneurysm; pediatric oncology practice. 
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Introduction 
Central venous access is essential in pediatric 

oncology and hematology, and the frequency of 
central venous catheterization in this patient pop-
ulation remains high. 

The insertion and operation of venous access 
devices can lead to complications of varying severity, 

with thrombosis, infections, and pneumothorax or 
hemothorax being the most common. 

Rare but life-threatening complications can 
also occur during central venous catheterization, 
and late recognition of these complications can 
result in patient death [1]. Based on the timing of 
clinical manifestation, complications are classified 
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as early (detected within 24 hours) and late (detected 
after 24 hours post-catheterization). 

Since 2013, the Dmitry Rogachev NMRC Na-
tional Medical Research Center of Pediatric Hema-
tology, Oncology and Immunology (NMRC PHOI) 
has been recording all problems that occur during 
the insertion of vascular devices. Since 2018, new 
software has made it possible to analyze these com-
plications. In addition to complications identified 
since 2018, we have highlighted several rare but 
relevant complications noted before 2018 or outside 
the NMRC PHOI. 

The aim was to evaluate the potential causes of 
complications of central venous access insertion in 
order to develop strategies to prevent complications. 

Material and Methods 
In 2019–2022, we identified 1512 complications 

that occurred during 6690 central venous catheter-
izations in patients aged 1 month to 20 years treated 
at the Dmitry Rogachev Center.  

Ultrasound and C-arm data were recorded 
during all catheterizations. The catheterization pro-
tocol included a complete list of possible compli-
cations of catheterization. Timeliness and accuracy 
of protocol completion were checked daily.  

One anesthesiologist was permanently involved 
in central venous catheterization, and four staff 
members temporarily replaced him or assisted in 
catheterization. Training in catheterization (im-
plantation) using ultrasound navigation was con-
ducted semi-annually. Data were collected centrally. 
An audit was performed. The cumulative risk of all 
adverse events during venous catheterization and 
the relative incidence of the most common catheter-
ization complications were calculated. The cumu-
lative risk was defined as the ratio of a given catheter-
ization complication per year to the number of 
catheterizations per year and expressed as a per-
centage. Relative incidence was calculated as the 
ratio of new cases of catheterization complications 
per year to the estimated rate of catheterizations 
during the study period and reported as the number 
of cases per 100 catheterizations per year. The 
average number of catheterizations per year was 
calculated as the arithmetic mean of all catheteri-
zations over the 4 years of the audit. The audit 
results for 2019–2022 are shown in Table 1. 

Informed consent for the publication of 
anonymized observations was obtained from all 
adult patients or legal representatives of pediatric 
patients. 

A total of 1,512 original observations were in-
cluded in the analysis. We reviewed 10 complications: 
failed first venipuncture attempt, guidewire/catheter 
malposition, guidewire knotting, life-threatening 
arrhythmias, guidewire entrapment in the trabecular 
meshwork of the right ventricle, arterial puncture, 

pneumothorax, hemothorax, puncture of lung 
parenchyma, and Horner syndrome. In addition, 
four rare complications were identified: phrenic 
nerve injury, cardiac tamponade, alveolar hemor-
rhage, and arterial pseudoaneurysm. 

All photographs are from the author's archive. 

Complications Related to Insertion 
of a Central Venous Access Device  

Failed insertion on the first attempt. The most 
common complication of catheterization attempts 
(8.5 to 11.7% of all catheterizations) was re-puncture. 
The main reasons included: 

— in young children, the similar diameter of 
the patient's veins and the needle makes it difficult 
to accurately position the needle in the vein lumen, 
and when attempting to change the syringe to a 
J-shaped guide, needle displacement with partial 
exit of the needle from the vein or puncture of the 
posterior wall of the vein occurs more frequently; 

— insufficient operator proficiency in ultra-
sound-guided puncture technique (relative incidence 
rate decreased by 2–3 cases per 100 catheteriza-
tion-years as operators gained experience).  

The significance of the patient's anatomical 
peculiarities combined with poor proficiency in ul-
trasound guidance for the risk of iatrogenic com-
plications was confirmed by Vartanova I. V. et al [2]. 

Malposition of the guidewire or catheter (dis-
placement of the guidewire into the contralateral 
subclavian or jugular vein, placement of the catheter 
into the inferior vena cava, or placement of the 
catheter into the azygos vein). According to our 
data, the cumulative risk of malposition was 
7.7–11.5%. Changes in the direction of guidewire 
movement could be caused by, among other things, 
intravascular structures (valves, thrombotic deposits) 
(Fig. 1, a). 

Guidewire placement in the unilateral jugular 
vein during subclavian vein puncture was also 
frequently observed when the needle entry point 
was near the jugular-subclavian vein confluence 
(Fig. 1, b). 

Anatomical features such as the dilated azygos 
vein entry site may contribute to incorrect guidewire 
and catheter positioning. 

Fig. 2, a shows a tunneled catheter placed in a 
10-year-old patient A. with a history of multiple ve-
nous catheterizations and catheter-associated throm-
bosis. At the time of insertion, no attention was 
paid to the «tortuous» course of the catheter. The 
next day, the patient underwent a chest CT, which 
showed that the catheter was in the azygos vein 
(Fig. 2, b). The catheter was replaced. 

Despite the seemingly «harmless» misplace-
ment of the catheter, it should be noted that if the 
catheter tip is outside the central veins or the 
right atrium, its location should be considered 
peripheral, and the administration of irritating 
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and harmful solutions through 
it is either limited by the infu-
sion rate or not recommend-
ed [3]. In addition, the direction 
of the catheter tip against the 
blood flow during fluid therapy 
inevitably leads to regional 
slowing of blood flow, which 
is one of the components of 
Virchow's triad for the early 
development of catheter-as-
sociated thrombosis. 

Because incorrect guidewire 
placement during catheter in-
sertion using the Seldinger tech-
nique results in catheter mal-
position [4, 5], it is important to 
timely diagnose this issue. Flu-
oroscopy during catheterization 
allows for opportunely visuali-
zation of guidewire advance-
ment but increases the radiation 
exposure for the patient and 
staff. The use of ultrasound vi-
sualization of catheter position, 
such as the ECHOTIP algorithms 
available in adult, pediatric, and 
infant versions (ECHOTIP-PED, 
NEO-ECHOTIP), serves as an al-
ternative [6–8]. 

The relative frequency of 
guidewire (catheter) misplace-
ment decreased by 3 per 100 
catheterizations per year after 
additional hands-on training in 
the simulation center. 

Guidewire knotting. Dis-
placement of part or all of the 
needle lumen outside the vessel 
after blood sampling results in 
an extravascular position of the 
J-tip, with the operator capable 
of forcing most of the guidewire 
into the vasculature (Fig. 3). 
This complication can result in 
vein injury, knotting, or 
guidewire damage, especially 
during forceful manipulation. 
In our practice, fluoroscopy re-
vealed guidewire knotting in 
three patients. In two cases, the 
knot was disentangled by ma-
nipulation under fluoroscopic 
control. One case, shown in 
Fig. 4, required surgical access 
to the subclavian vein and re-
lease of the guidewire. Fig. 5 
shows the retrieved guidewire 
with the knot. Deep guidewire Ta
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insertion and rapid guidewire advancement were 
observed in all three cases. 

Life-threatening arrhythmias (ventricular tachy-
cardia, ventricular fibrillation). Introducing the 
guidewire or catheter too deeply can lead to various 
complications, including life-threatening ones. In 
our center, the cumulative risk of acute arrhythmias 
associated with catheterization was 0.06–0.12%. 

Clinical case 1. Patient B., 16 years old, was 
admitted to the operating room for the placement 
of a Hickman-type tunnel catheter under sevoflurane 
inhalation anesthesia. Airway patency was main-
tained with a second-generation supraglottic airway 
device. After guidewire insertion and endocardial 
contact, frequent ventricular extrasystoles developed, 
progressing to ventricular tachycardia and ventricular 
fibrillation. Resuscitation, including indirect chest 

compressions and defibrillation, successfully restored 
rhythm following the first 150 J discharge. 

Guidewire entrapment in the trabecular mesh-
work of the right ventricle.  

Clinical cases 2 and 3. In Patient B., 5 years 
old, in 2016, and Patient G., 8 years old, in 2018, 
deep insertion of the guidewire into the right ven-
tricular projection was accompanied by J-tip en-
trapment (presumably in the myocardial trabeculae). 
The guidewire could not be withdrawn. Attempts 
to pull back the guidewire caused it to oscillate in 
tandem with the heartbeat, and extrasystoles were 
recorded on the ECG. In both cases, insertion of 
the catheter through the guidewire and «straight-
ening» of the J-tip of the guidewire in the catheter 
lumen proved effective, allowing the catheter to be 
withdrawn to the desired level. 

Fig. 1. Change the direction of guidewire advancement. 

Fig. 2. The catheter placed in the azygos vein (indicated by the arrow).



59w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 4 ,  2 0 ;  5

For Practit ioner

In 2020, Verma A. et al. reported a similar case 
in which guidewire retrieval was achieved without 
additional devices by rotating the guidewire coun-
terclockwise while gently pulling in sync with cardiac 
contractions [9]. The authors of this report reasonably 
noted that to avoid complications associated with 
deep guidewire insertion, it is essential not to insert 
the guidewire beyond the endpoint of the catheter. 

To retrieve the guidewire in such situations, 
either through the introducer or directly, while pre-
serving the integrity of the flexible catheter tip, Un-
nikrishan et al. proposed the J-tip straightening 
technique. This involves pressing the guidewire 
firmly against the palm with the middle, ring, and 
little fingers while simultaneously applying force 
to the guidewire as if «stretching» it with the thumb 
and index finger of the same hand. This method 
straightens the J-shaped tip and, as a result, does 
not require significant force to extract the guide. 
According to the authors, this method not only 
avoids complications related to the position of the 
guidewire, but also preserves the integrity of the J-
tip for its eventual reinsertion and prevents vein 
displacement [10]. 

If the guidewire and catheter are located in 
the projection of the right atrium (as seen on x-
ray), they may actually be in the inferior vena cava. 
This misplacement may also be associated with an 
increased incidence of thrombotic occlusion of the 
catheter due to the catheter pushing against the 
blood flow or migration of the catheter into the 
veins draining into the inferior vena cava. Such a 
case is shown in Fig. 6. At the time of insertion, the 
catheter was positioned in the projection of the 
right atrium. Later, the catheter tip was found to be 
in the hepatic vein. 

To avoid such complications, it is important 
to follow the rule: «Do not insert the guidewire 
deeper than the planned catheter location. To 
control the insertion depth, some guidewire models 
have markings that indicate both the distance from 
the catheter tip in centimeters and the length of 
the guidewire. In the absence of markings, the fol-
lowing method is used. As the needle tip passes the 
J-tip, the operator's tactile sensation changes. The 
operator then continues to insert the guidewire, 
grasping it with the fingers approximately 1 cm 
from the needle hub. In this way, the approximate 

Fig. 3. Extravasation of the J-shaped guidewire (arrow). The 
guidewire itself is in the venous lumen.

Fig. 4. Knotting of the guidewire in the lumen of the vein (in-
dicated by the arrow).

Fig. 5. Knotted guidewire after removal.
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depth of guidewire insertion can be estimated and 
stopped in time, depending on the anatomical char-
acteristics of the patient and the puncture site. 

It is also important to remember the dangers 
of removing the guidewire through the needle or 
applying excessive physical force to the guidewire. 
These actions can cause damage and fragmentation 
(Fig. 7) [11]. 

Arterial puncture. According to a review [12], 
the incidence of arterial puncture is 6.3–9.4% during 
jugular vein catheterization, 3.1–4.9% during sub-
clavian vein catheterization, and 9–15% during 
femoral vein catheterization. Romanenko N. A. et 
al. report that the frequency of arterial puncture 
reaches 3%; the authors attribute this complication 
to the technique of catheter insertion [13]. 

In our center, the cumulative risk of inadvertent 
arterial puncture and catheterization ranged from 
0.44% to 2.00%. Arterial puncture occurred more fre-
quently during subclavian vein catheterization, which 
we believe is due to the significant difficulty of ultra-
sound guidance. In the absence of ultrasound guid-
ance, inadvertent arterial puncture can be attributed 
to anatomical variability in the location of arteries 
and veins in individual patients [14–16]. In addition, 
when puncturing the subclavian region, the proximity 
of the skin puncture site to the clavicle causes the 
needle to pass close to the clavicle. Consequently, as 
the needle tip is advanced under the clavicle, the 
bony base acts as a fulcrum, preventing the needle 
tip from reaching the vein directly. As a result, despite 
attempts to lower the needle, the needle trajectory 
becomes more vertical, directing the needle tip toward 
the artery below the vein (Fig. 8). 

Ultrasound navigation may increase the rate 
of first attempt venipuncture and decrease the rate 
of inadvertent arterial puncture, but it does not re-
duce the overall number of complications [17]. The 
main causes of inadvertent arterial puncture when 

using ultrasound navigation are poor visualization 
of the needle tip, which may result from excessive 
body weight, defects in the imaging technique, and 
low operator experience. 

One of the early signs of an arterial puncture is 
the color of the leaking blood and its pulsatile flow, 
but these signs may be inconclusive in unstable pa-
tients [18]. Radiologic imaging allows detection of the 
guidewire position on the left side of the vertebral col-
umn and may suggest arterial catheterization (Fig. 9). 

There was no significant change in the relative 
incidence of inadvertent punctures (catheteriza-
tions). However, by improving the practical skills 

of ultrasound navi-
gation and training 
just one staff mem-
ber in central venous 
catheterization, this 
parameter was re-
duced by 1.5 cases 
per 100 catheteriza-
tions per year. 

Another cause 
of vein wall injury 
and perforation of 
adjacent structures, 
in our opinion, is the 
attempt to pass a rel-
atively rigid catheter 
or dilator through 
the guidewire with-
out properly secur-
ing it (Fig. 10). 

Fig. 6. The tip of the catheter placed in the hepatic vein 
(indicated by the arrow).

Fig. 7. Guidewire damage: surgical retrieval (a) and retrieved guidewire (b).
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In this case, the device, which is stiffer than 
the guidewire, does not slide along the trajectory of 
the guidewire, but instead moves along its own tra-
jectory, «grabbing» and deforming the guidewire 
and pulling it behind it. Fig. 10 shows the change in 
direction of movement of the guidewire and intro-
ducer when the outer end of the guidewire is acci-
dentally released. 

Similarly, the 
esophagus was injured 
during angiography 
when an introducer was 
inserted through a 
guidewire placed in the 
right internal jugular 
vein. After contrast in-
jection, the esophageal 
injury and catheter mal-
position were con-
firmed (Fig. 11). 

A case of perfora-
tion of the internal jugu-
lar vein and esophagus 
during placement of a 
central line through the 
left internal jugular vein 
was also reported in 
2020 [19]. According to 
Wang et al, even deep 
structures such as the 
epidural space can be 
damaged during ma-
nipulation with a nee-
dle, guidewire, dilator, 
or catheter, potentially 
resulting in an epidural 
hematoma [18]. 

Cardiac tamponade. A rare but potentially 
fatal complication is cardiac tamponade. Because 
the pericardium merges with the adventitia of the 
great vessels just above the sternal angle (approxi-
mately at the level of the second costo-clavicular 
junction), perforation of the vein can lead to pene-
tration of the catheter into the pericardium. Such 

Fig. 8. Needle deflection during puncture through a bony ob-
struction (simulation) (arrow indicates the needle). Fig. 9. Arterial puncture; the guidewire (indicated by the arrow) 

is positioned to the right of the vertebral column.

Fig. 10. Change of guidewire direction (simulation). 
Note. a — the guidewire is inserted into the desired vein (e. g., from the left jugular vein to the 
superior vena cava); b — if the guidewire is held in place (the markings on the guidewire do not 
move relative to the simulator), the catheter will follow the direction of the guidewire; c — if the 
guidewire is not held in place, the catheter will pull the guidewire behind it due to friction and, 
with sufficient rigidity, may perforate the vein wall. 
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an injury mechanism usually leads to the «sudden» 
development of tamponade a few hours after the 
start of fluid therapy [20]. 

Another cause of tamponade development is 
mechanical damage directly to the myocardium, 
which typically manifests immediately during 
catheter insertion. 

Clinical case 4. Patient D., 2 years old, was ad-
mitted to the operating room for tunnel catheteri-
zation. A guidewire was inserted into the superior 
vena cava and its position was confirmed at the 
junction of the superior vena cava and the right 
atrium. During insertion of the splittable introducer, 
the operator did not securely fix the outer end of 
the guidewire and did not notice the change in its 
configuration on fluoroscopy (Fig. 12). 

After catheter insertion, hypotension to 
40/20 mmHg and bradycardia to 30 bpm were ob-
served, and fluoroscopy showed that the borders 
of the heart were dilated compared to previous im-
ages. Chest compressions were initiated and an in-
traosseous line was placed. Echocardiography re-
vealed hemopericardium with signs of cardiac tam-
ponade. During cardiopulmonary resuscitation, 
thoracotomy and pericardiotomy were performed, 
a myocardial defect in the right atrial region was 
detected, and after suturing, hemodynamic param-
eters were stabilized. However, the patient continued 
to have a significant neurological deficit. 

Pneumothorax, hemothorax, puncture of 
lung tissue, alveolar hemorrhage. The anatomic 
location of the subclavian, jugular, and brachio-
cephalic veins may increase the risk of damage to 
the punctured vein and the development of pneu-

mothorax or hemothorax. The subclavian vein, bra-
chiocephalic vein, and superior vena cava are directly 
adjacent to the pleural cavity (Fig. 13). According 
to the literature, the incidence of pneumothorax 
ranges from 0.8 to 3.0% when ultrasound guidance 
cannot be used  [21, 22]. Unfortunately, even the 
use of ultrasound guidance in the case of loss of 
needle visualization does not prevent the develop-
ment of these complications.  

When puncturing at the Aubaniac point (1 cm 
below the border of the inner and middle third of 
the clavicle), the needle is directed toward the ster-
noclavicular junction, i.e., puncture is performed 
in the area of the junction of the subclavian vein 
with the jugular vein and their transition into the 
brachiocephalic vein. The apex of the lung is also 
located in this area, which creates conditions for 
the development of either pneumothorax and/or 
alveolar hemorrhage. 

Clinical case 5. Patient G., 6 years old. She 
was admitted to the operating room for the place-
ment of a tunnel catheter. At the time of placement, 
the guidewire and catheter were positioned in the 
superior vena cava projection. The operator did 
not notice their unusual position (Fig. 14). Six hours 
later, after starting fluid infusion, the attending 
physician noted decreased breath sounds on the 
right side of the chest. Control radiography confirmed 
a right-sided hemothorax (Fig. 15). Aspiration from 
the catheter produced a pale fluid. After fluid aspi-
ration was stopped, the catheter was removed, and 
the pleural cavity was drained. 

Control radiography in this case was performed 
after the onset of clinical signs of hydrothorax, because 
the operator believed that the absence of signs of 
pneumo- or hydrothorax on intraprocedural radiog-
raphy was sufficient to exclude this complication. 

The main method for timely diagnosis of hy-
drothorax is chest radiography within 6 hours of 

Fig. 11. Perforation of the esophagus by a catheter (contrast 
medium is visible in the esophagus after the end of its injection). 
The arrow indicates the esophagus with contrast.

Fig. 12. Guidewire deformation following the shape of the 
heart.
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catheterization. Ultrasound of the pleural cavity 
may be used to minimize radiation exposure. 

Another option to control catheter position 
and avoid complications may be to preplan central 

venous catheterization before routine chest CT. 
However, this option is primarily applicable to 
routine catheterization. 

Patient Z., 5 years old, was admitted with a 
catheter previously inserted through the right sub-
clavian vein. Prior to catheter replacement, a chest 
CT scan was performed, which revealed puncture 
and catheterization of the upper lobe of the right 
lung (Fig. 17). 

Catheter removal was performed without the 
expected development of pneumothorax, most likely 
because the catheter was covered with a fibrin 
sheath at that time. 

Clinical case 6. Patient I., 12 years old, was ad-
mitted for surgical treatment. Prior to surgery, a 
central line was placed through the right subclavian 
vein. Long-axis ultrasound guidance was used at 
the time of puncture. Due to difficulty in visualizing 
the needle, the operator was guided by the movement 
of the tissue surrounding the needle. Venous puncture 
and guidewire insertion were successful on the first 
attempt. Catheter insertion was uneventful. On con-
trol radiography, the catheter was located in the su-
perior vena cava region. Thoracoscopy showed that 

Fig. 13. a — right brachiocephalic vein (bc) and vena cava su-
perior (vcs) on thoracoscopy; b — left brachiocephalic vein 
(lbc) on thoracoscopy.

Fig. 14. Catheter in the pleural cavity (indicated by arrow).

Fig. 15. Right-sided hydrothorax.

Fig. 16. Catheter passing through lung tissue (indicated by ar-
row).
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the catheter emerged from the subclavian vein, 
passed through the lung tissue, and entered the 
right brachiocephalic vein (Fig. 18). The catheter 
was removed by the surgeon during thoracoscopy. 

In this case, poor visualization of the needle 
led to compression of the subclavian vein by the 
needle and unnoticed puncture of both vein walls, 
followed by further advancement of the needle and 
puncture of the brachiocephalic vein, from which 
blood flow was obtained. A catheter was then 
inserted through the guidewire and advanced 
through the subclavian vein, pleural cavity, and 
lung apex tissue into the brachiocephalic vein. 

Lung injury may be associated with alveolar 
hemorrhage, which can be fatal. 

Clinical case 7. Patient K., 9 years old, with 
acute lymphoblastic leukemia. Catheterization of 
the right subclavian vein was performed using 
anatomical landmarks without ultrasound. Arterial 
puncture was successful on the first attempt and 
venous puncture was successful on the third attempt. 
After guidewire catheter placement, SpO₂ decreased 
to 83%. Pleural ultrasound showed no evidence of 
pneumothorax or hemothorax. At the time of ex-
amination, blood was noted in the oral cavity and 
bradycardia progressed to asystole. Cardiopulmonary 
resuscitation was initiated with positive results. 
Tracheal intubation was performed and dark blood 
was drained from the tracheobronchial tree. Chest 
radiography revealed bilateral polysegmental infil-
tration, more pronounced on the right side (Fig. 19). 
Repeated pleural ultrasonography showed free fluid 
in the right pleural cavity in the posterior and 
inferior parts, with separation of the pleural layers 
up to 6–7 mm and up to 10 mm in the right pleural 
sinus. Respiratory support was continued. After 
7 hours, a second pulmonary hemorrhage occurred, 
accompanied by hypoxia and bradycardia, leading 
to cardiac arrest. At autopsy, the lumen of all bronchi 
was found to be obstructed by blood clots. 

The development of alveolar hemorrhage as a 
result of lung puncture has also been described by 
Yeldec, Bagchi, Bawa, Goldberg, and Kossaify [22–26]. 
Yeldec et al. suggested that the main mechanisms 
include damage to lung tissue or arteries (including 
both the subclavian artery and the pulmonary artery 
or their branches)  [27]. In cases of isolated lung 
injury, such complications are usually benign [22]. 
According to Goldberg et al., when lung injury is 
associated with arterial injury, a fistula often forms 
between the blood vessel and the bronchus [25]. In 
these cases, the outcome can be fatal, especially if 
the patient has concomitant heart failure, chronic 
respiratory failure, or coagulopathy [22, 27]. 

Neurological Disorders Associated 
with Central Venous Catheterization 
Horner's syndrome, characterized by the triad 

of ptosis, miosis, and enophthalmos, was first de-

Fig. 18. The catheter exits the subclavian vein and enters the 
brachiocephalic vein after passing through the lung.

Fig. 17. Catheter passing through lung tissue (indicated by 
arrow).

Fig. 19. Infiltration due to pulmonary hemorrhage (indicated 
by arrow).
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scribed by J. F. Horner in 1869. Horner attributed it 
to impaired sympathetic innervation of the eye [28]. 
Any disorder affecting the oculosympathetic tract, 
which consists of three groups of neurons, can cause 
Horner's syndrome. First-order neurons originate 
in the posterolateral hypothalamus, pass through 
the brainstem, and enter the mid-lateral gray column 
of the spinal cord at the C8–Th1 level. Second-order 
neurons travel through the apex of the lung into the 
cervical sympathetic chain near the carotid adventitia. 
Third-order neurons originate in the upper cervical 
ganglion, from where they pass through the sheath 
of the internal carotid artery into the skull, where 
they divide into the short ciliary nerves (innervating 
the Müller muscle) and the long ciliary nerves (in-
nervating the pupil dilator) [29]. 

Clinical case 8. Patient L., 4 years old, under-
went the insertion of a tunnel catheter through the 
left internal jugular vein under ultrasound guidance. 
During the first catheterization attempt, blood was 
obtained. Extravasation of the guidewire and the 
development of a hematoma at the puncture site 
were observed during the attempt to insert the 
guidewire. The second catheterization attempt was 
successful. After 5 hours, ptosis of the left eyelid 
was noted by the patient's parents (Fig. 20). The 
patient was examined by an ophthalmologist, and 
Horner's syndrome was diagnosed. Follow-up con-
tinued, and the left-sided ptosis resolved 2 months 
after catheterization. 

After central vein catheterization, Horner's 
syndrome may develop as a result of direct damage 
to the sympathetic circuit, direct damage to the 
periclavicular nerve tracts, or compression of nerve 
bundles by a hematoma. Clinical signs can appear 
within a few hours up to 19 days [30]. Since there is 
no specific treatment for Horner's syndrome, the 
primary way to avoid this complication is through 
prevention. 

To this end, several authors have made the 
following recommendations [29, 30]: 

1. Venipuncture should be performed under 
high-resolution ultrasound guidance. The cervical 
sympathetic chain can be identified medial to the 
scalene muscles, lateral to the longus colli muscle, 
esophagus and trachea, superior to the subclavian 
artery, and posterior to the pleura and vertebral 
vessels [31]. 

2. To avoid puncturing the carotid artery and 
damaging the sympathetic chain, the needle angu-
lation should not be too steep. 

3. The patient's head should be rotated less 
than 30 degrees. 

4. Avoid multiple puncture attempts. 
5. If the carotid artery is injured, apply com-

pression to prevent hematoma formation. 
Phrenic nerve injury. Depending on its anatom-

ical location, the phrenic nerve can be injured under 
certain conditions, such as needle insertion, com-

pression by a hematoma or catheter, or nerve block 
with local anesthesia. The phrenic nerve is formed 
primarily by the C3–5 roots. It descends along the 
anterior surface of the anterior scalene muscle, be-
hind the prevertebral fascia, then crosses the sub-
clavian artery behind the subclavian vein and enters 
the thorax. In some cases, the phrenic nerve may 
pass through the wall of the subclavian vein. Within 
the thorax, the nerve contacts the mediastinal pleura 
all the way to the diaphragm. The right phrenic 
nerve also contacts the superior vena cava [32]. 

Clinical case 9. Patient M, 3 years old, was ad-
mitted to the operating room for catheterization of 
the right subclavian vein prior to surgery. The punc-
ture was performed under ultrasound guidance. In 
the first attempt, the subclavian artery was punc-
tured. On the second attempt, the right subclavian 
vein was successfully punctured and catheterized. 
The catheter was placed without difficulty. After 
20 hours, the right side of the chest was lagging on 
physical examination, and auscultation revealed 
decreased breath sounds on the right side. A control 
radiograph showed elevation of the right hemidi-
aphragm, suggesting phrenic nerve paresis on the 
right side. The phrenic nerve paresis resolved 12 days 
after catheterization. This transient condition was 
considered to be the result of compression of the 
phrenic nerve by a hematoma. 

In 2001, a case of right phrenic nerve paresis 
due to compression through the thin wall of the 
superior vena cava by a catheter inserted during 
catheterization of the left subclavian vein was de-
scribed [33]. 

In 2017, Bykov M. et al. described a paresis of 
the vagus nerve located in close proximity to the 
internal jugular vein. Presumably, the cause of the 
paresis was a hematoma [34]. Because the mecha-
nism of injury to the phrenic and vagus nerves is 
the same as that of other nerve trunks, recommen-
dations to reduce the risk of phrenic nerve injury 
are similar. 

Arterial pseudoaneurysm. A pseudoaneurysm 
is an accumulation of blood that communicates 
with the arterial lumen but is not surrounded by 
the arterial wall [35,36]. Iatrogenic pseudoaneurysms 
occur when the puncture site is not closed and ar-
terial blood is released into the surrounding tissue, 
forming a pulsatile hematoma. Clinically, they man-
ifest as varying degrees of pain, the formation of a 
pulsatile hematoma, and the appearance of a mur-

Fig. 20. Horner's sign (ptosis of the left eyelid).
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mur or thrill over the 
hematoma. Untreated 
pseudoaneurysms 
may be complicated 
by rupture, distal em-
bolization, neuropa-
thy, chronic local pain, 
and local skin is-
chemia [37, 38]. 

Clinical case 10. 
Patient N., 17 years 
old, was admitted to 
the operating room 
for catheterization of 
the left femoral vein 
with a 12F catheter 
under ultrasound 
guidance for aphere-
sis. The first catheter-
ization attempt result-
ed in an arterial punc-
ture. Compression of 
the puncture site was 
performed for approx-
imately 3 minutes, af-
ter which the left 
femoral vein was successfully catheterized. A 20 cm 
catheter was inserted into the vein without incident. 
The next day, 3 hours after apheresis, the catheter 
was removed. No compression was applied to the 
puncture site. Four days after catheter placement, 
the patient complained of pain at the puncture site 
and noticed an elastic pulsating mass. Ultrasonog-
raphy revealed a pseudoaneurysm of the right 
femoral artery (Fig. 21). 

A compression bandage was applied for 4 days, 
after which the clinical manifestations resolved. 

Several cases of pseudoaneurysm formation 
after attempts to puncture and catheterize the veins 
in the superior vena cava territory have been re-
ported, resulting in brachial plexus paresis. In one 
case, a carotid artery puncture occurred during an 
attempt to catheterize the internal jugular vein, re-
sulting in brachial plexus paresis due to compres-
sion  [39]. In the second case, a pseudoaneurysm 
developed after puncture of the subclavian artery, 
also leading to brachial plexus paresis [40]. 

When treating patients with pseudoaneurysms, 
open surgical methods, aneurysm compression 
with or without ultrasound control, and thrombin 
or collagen injection into the pseudoaneurysm, 
as well as endovascular stenting, can be 
used [37–41]. Each of these methods has advantages 
and disadvantages [38]. 

A report by Balethbail et al. [42] described the 
development of thrombosis of a vertebral artery 

pseudoaneurysm on day 4 after inadvertent puncture 
of the vertebral artery with a retrieval needle. This 
patient was not treated because thrombin injection 
was contraindicated, and surgical intervention was 
refused by the relatives. 

Thus, central venous catheterization remains 
a procedure with the potential for complications. 
The use of ultrasound guidance does not currently 
eliminate the risk of complications, both because 
of the skill of the operator and the anatomic char-
acteristics of the patient. However, the use of ultra-
sound guidance and robotic devices that allow au-
tomated venipuncture increases the likelihood of 
successful venipuncture on the first attempt, which 
helps to reduce the risk of complications [43, 44]. 

Conclusion 
Understanding the causes of various compli-

cations of puncture and venous catheterization, 
including rare ones, allows for timely diagnosis and 
necessary treatment. A system for recording, con-
trolling, and auditing complications during central 
venous access placement, as well as improving 
manual skills and preventing identified causes on 
simulators in the simulation laboratory, could reduce 
the incidence of complications related to puncture 
and venous catheterization.

Fig. 21. Pseudoaneurysm of the femoral artery (indicated by the arrow).
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Introduction 
Congenital pneumonia is an acute infectious 

disease with predominant lower respiratory tract 
damage and accumulation of inflammatory exudate 
inside the alveoli, detected by physical and radiologic 
examination, usually within the first 72 hours after 
birth [1]. Congenital pneumonia may be complicated 
by neonatal sepsis, which clinically manifests as a 
systemic infection in the first 28 days of life. It is 
usually classified as early (�48–72 h) or late (�48–72 h) 
sepsis, depending on the child age on onset [2]. 

A recent meta-analysis by Fleischmann S. et 
al. reported an incidence of neonatal sepsis of 2,824 
cases per 100,000 live births for the period January 
1979 to May 2019 [3]. 

The European guidelines for the treatment of 
neonatal respiratory distress syndrome (NRDS) pub-
lished in 2022 recommend non-invasive ventilation 
combined with surfactant administration for prema-
ture infants with respiratory distress and, if indicated, 
subsequent transition to lung ventilation  (LV) or 

high-frequency oscillatory ventilation (HFOV) if non-
invasive ventilation is ineffective  [4]. However, the 
Russian NRDS guidelines recommend non-invasive 
ventilation combined with surfactant administration 
and when indicated transition to lung ventilation 
and followed by, if ineffective, transition to HFOV [5]. 

Thus, both European and Russian guidelines 
for NRDS do not provide alternative ventilation op-
tions when traditional methods are ineffective. 

One ventilation option in the treatment of adult 
respiratory syndrome in the clinical guidelines of the 
Russian Federation of Anesthesiologists and Reani-
matologists is airway pressure release ventilation 
(APRV)  [6, 7]. APRV is proposed as a method to 
improve gas exchange in severe RDS and was first 
described in 1987 by M. Stock et al. [8]. Opinions on 
the effectiveness of the APRV mode are mixed due to 
limited data on its use and unclear criteria for selecting 
mode settings  [9–11]. In 2019, the first systematic 
review on the use of this mode in adults was published; 
however, the authors themselves acknowledge the 
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Summary 
The aim was to demonstrate an alternative approach to respiratory therapy in respiratory failure compli-

cated by pulmonary hypertension when conventional ventilation and high-frequency oscillatory ventilation 
are ineffective. 

Patient and study methods. We analyzed laboratory data, ventilatory parameters and hemodynamic pa-
rameters during ventilation in a child with birth weight of 1300 grams and respiratory failure complicated by 
pulmonary hypertension. Dynamic selection of parameters and modes of pulmonary ventilation with transi-
tion to Airway Pressure Release Ventilation (APRV) mode is presented. Chest radiography and echocardiogra-
phy were used. 

Results. The use of APRV mode when traditional approaches were ineffective allowed «stabilization» of the 
lungs by alveolar recruitment without deep sedation and muscle relaxation. On day 20 after birth, the infant 
was weaned. On day 29, the infant was transferred to the neonatal pathology unit for further management, 
and on day 49, the infant was discharged in stable condition. 

Conclusion. In neonates with severe respiratory failure, the use of the APRV mode as an alternative to in-
effective conventional ventilation requires further investigation and the development of guidelines for its use. 

Keywords: Bi-Vent; APRV; high-frequency oscillatory ventilation; neonatal pneumonia; early neonatal 
sepsis; neonatal pulmonary hypertension; low birth weight neonate; neonatal distress syndrome 
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challenge of interpreting clinical data due to the lack 
of clear approaches  [12]. In 2023, Shreyas A. et al. 
published a study comparing APRV and HFOV in 
90  infants and concluded that APRV is an effective 
rescue method of lung ventilation. The study showed 
comparable survival rates for infants ventilated with 
either APRV or HFOV mode, with APRV mode achieving 
similar ventilation and oxygenation goals. However, 
the need for further studies was confirmed [13]. 

The possibility of spontaneous breathing by 
the patient in any phase of the respiratory cycle in 
this ventilation mode is similar to the «Bi-Vent» 
mode with two pressure levels, where the lower 
pressure level (PEEP) and the upper pressure level 
(Phigh) are set  [14, 15]. The difference between the 
APRV mode and the Bi-Vent mode is the inverted 
inhalation/exhalation (I:E) ratio, which promotes 
alveolar recruitment, opening, and stabilization of 
the volume of the recruited alveoli [16, 17]. 

The aim of our work was to demonstrate an al-
ternative approach to respiratory therapy in respi-
ratory failure complicated by pulmonary hypertension 
with ineffective conventional and HFO ventilation. 

In this clinical situation, we encountered res-
piratory failure in a child complicated by pulmonary 
hypertension, resistant to conventional and HFOV, 
requiring the search for alternative ventilation 
options to stabilize his condition. APRV (Airway 
Pressure Release Ventilation) was chosen as a «last 
resort» therapy because this mode of ventilation 
reduces the risk of barotrauma due to optimized 
PIP control and does not require deep sedation 
and the use of muscle relaxants. 

Medical History 
The child was from the first pregnancy, the 

mother was regularly examined in the antenatal 
clinic from the 7th week of pregnancy. In the first half 
of the pregnancy, marginal placenta previa was noted. 
In the second half of the pregnancy, edema, hyper-
tension, and proteinuria were observed from the 
27th week of gestation, and prenatal fetal lung stim-
ulation was done at the 28th week of gestation. Mag-
nesium administration and antihypertensive therapy 
(methyldopa 2,000 mg/day, nifedipine 10 mg three 
times a day) were started at 28 weeks' gestation. 

At 31 weeks' gestation, the patient was admitted 
to the perinatal center with elevated blood pressure 
(BP) up to 170/100 mmHg, progressive edema of 
the lower extremities, and decreased urine output 
during the previous 3 days. Delivery was performed 
by cesarean section due to severe pre-eclampsia 
and lack of conditions for natural delivery. 

Diagnosis during labor: Premature operative 
labor at 31 weeks and 5 days gestation. Complication: 
Severe pre-eclampsia with underlying chronic hy-
pertension. Fetal growth retardation, grade I. Breech 
presentation of the fetus. Associated: Obesity, 1st 

degree; myopia, 1st degree; urolithiasis. Surgery: 
Emergency cesarean section.  

Clinical Case and Discussion 
The child was born by cesarean section with a 

body weight of 1,300 grams, Apgar score of 
5/6/6  points, Silverman score of 4–5 points, mask 
ventilation was performed in the delivery room with 
transition to CPAP, after which the child was trans-
ported to the neonatal intensive care unit (NICU). 

Clinical diagnosis of the infant. Very low birth 
weight (1,300 grams). Early neonatal sepsis (severe 
condition, multiorgan failure syndrome, onset in 
the first 72 hours after birth). Neonatal infection of 
undetermined etiology. Congenital bilateral pneu-
monia (radiologic findings, severe respiratory failure, 
onset in the first 72 hours of life). 

Associated: Respiratory distress syndrome 
(based on radiologic findings, need for respiratory 
support and administration of surfactant). Pul-
monary hypertension (pulmonary artery pressure 
50 mmHg). 

Complication: Multiple organ failure syndrome 
(cardiovascular + respiratory + intestinal), nSOFA 
score 11 points. 

Background: Prematurity 31 weeks. 
Risk factors for neonatal infection included 

very low birth weight, prematurity, and cesarean 
delivery [18]. 

On admission to the NICU, we continued res-
piratory support in the mode of non-invasive lung 
ventilation (NIV) with pressure control through 
DragerBabyFlowProng size «L» nasal cannulas (Ma-
quetServoI device). Ventilation parameters are listed 
in Table 1. Taking into account the gestational age 
of the infant, the need for NIV respiratory therapy, 
Silverman score � 3 points in the first 3–6 hours of 
life, and the need for FiO₂ up to 0.4, surfactant was 
administered endotracheally by INSURE, after which 
the oxygen fraction (FiO₂) was reduced to 0.25. NIV 
was continued in the previous mode. 

Antibiotic therapy was administered according 
to the «starting» protocol (ampicillin + amikacin). 
Clinical deterioration was observed within 8 hours. 
Despite NIV, respiratory insufficiency increased, 
tachypnea up to 90/min and SpO₂ 80–82% were 
recorded. With persistent respiratory distress syn-
drome (RDS) according to the radiological data, 
tachypnea on ventilatory support, SpO₂ decrease, 
the child was transferred to lung ventilation: tracheal 
intubation was performed with ETT 3.0 mm to a 
depth of 7 cm from the upper lip, and ventilation 
was started in intermittent mode with pressure 
control (MaquetServoI) (Table 1). 

On the 2nd day after birth there were episodes of 
desaturation up to 80%, ultrasound screening of the 
lungs showed signs of right-sided non-tension pneu-
mothorax, we started therapy according to the protocol 
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of air leak syndrome with FiO₂ 100%. Ventilation was 
performed in pressure control mode (Table 1).  

Chest x-ray (Fig. a) and echocardiography 
(Table 2) were performed. 

On day 3 after birth, at 15:30, a dramatic neg-
ative change in the child's status was observed. 
Chest x-ray (Fig. b) and echocardiography (Table 2) 
were performed again. 

Thus, the pre-existing respiratory failure of 
parenchymal type was complicated by pulmonary 
hypertension. It was treated according to current 
clinical guidelines [19]. Levosimendan was admin-
istered as a loading dose of 12 µg/kg followed by a 
maintenance dose of 0.1 µg/kg/min in combination 
with sildenafil 1.5 mg/kg twice daily. Cardiotonic 
support with dobutamine was started at 2 µg/kg/min 
and gradually increased to 10 µg/kg/min. Vasopressor 
support with epinephrine was also provided, starting 
at 0.1 µg/kg/min and gradually increasing to 
0.7 µg/kg/min to maintain cardiac output and mean 
arterial pressure, taking into account «rigid» venti-
latory parameters. Nitric oxide was not used. 

Low SpO₂ parameters (65–75%) persisted during 
pressure-controlled ventilation (Table 1). 

Taking into account the severity of the disease, 
increasing deterioration, high risk of death, mul-
tiorgan failure syndrome, ongoing neonatal infec-
tion, persistent low blood oxygenation, antibiotic 

therapy was revised, «reserve» antibiotics (meropen-
em + vancomycin) were prescribed, and non-spe-
cific immunoglobulin was added to the treatment. 

At 17.30, taking into account the failure of venti-
lation in pressure control mode with «rigid» parameters, 
the need for high PIP up to 35 cm H₂O, MAP up to 
20 cm H₂O, FiO₂ of 1.0, the patient was transferred to 
HFOV (Table 1). After that, SpO₂ increased slightly 
(up to 70–78%). A chest x-ray was performed (Fig. c). 

In view of transfer to HFOV, sedation was 
started with fentanyl 0.005% in an age-appropriate 
dosage. Blood acid-base balance (ABB) showed 
compensated metabolic acidosis and normocapnia 
(Table 3). ABB was monitored in capillary blood. 

At 20:30, due to the ineffectiveness of HFOV, 
negative radiological changes, low blood oxygenation 
(SpO₂ 70–78%), high risk of barotrauma, and high 
probability of death, BiVent/APRV mode was used 
as an alternative method of ventilation (Table 1). A 
distal flow sensor was placed in the ventilation 
circuit. Normalization of SpO₂ to 90–95% was ob-
served within a few minutes. Chest radiography 
was performed (Fig. d). 

This mode of ventilation was chosen because 
of available literature data on its use in pediatric 
and adult practice [9, 20–24]. 

After stabilization of the child's condition, the 
previous therapy was continued. 

Table 1. Mechanical ventilation modes during the observation period. 
Ventilation                                                                                                       Lung ventilation settings 
mode                                    F,              PEEP,                 PIP,                                  I:Е,                    Тins, s            Tins, %              МАР,         FiO₂       SpO₂, % 
                                         inspira-     cm H₂O           cm H₂O                    inspiration/                                                            cm H₂O 
                                           tions/s                                                                   expiration ratio  

Day 1 
nSIMV                           30 (60)             5                       15                                  1:2                     0.60                 20                     8               0.4              99 
nSIMV                           30 (60)             5                       15                                  1:2                     0.60                 20                     8              0.25             82 
SIMV                              30 (60)             5                       18                                  1:2                     0.33                  5                      10            0.25             99 

Day 1 
SIMV                              30 (60)             5                       18                                  1:2                     0.33                  5                      10            0.25             80 
РС                                   60 (60)             4                       21                                  1:2                     0.33                  5                      12             1.0              99 

Day 3, before 5:30 p.m. 
РС                                   60 (60)             6                       26                                  1:2                     0.33                  5                      14             1.0              65 
РС                                   60 (60)             7                       30                                  1:2                     0.33                  5                      16             1.0              75 
РС                                   60 (60)             8                       35                                  1:2                     0.33                  5                      20             1.0              70 

Day 3, after 5:30 p.m. 
HFOV                   Pmean 20–22 cm H2O,                                                                                                                                                       1.0           70–78 
                               �P 35 cm H2O,  
                               Respiratory rate 12–15/min         

Day 3, from 8:30 p.m. 
APRV / BiVent   Phigh 35–30 cm H2O,                                                                                                                                   25–20         1.0           90–95 
                               PEEP 3 cm H2O (аuto PEЕP 9 cm H2O),  
                               TP high 0.45 s,  
                               PS more than Phigh 14 cm H2O,  
                               TPEEP 0.15 s,  
                               PS higher than PEEP 24 cm H2O,  
                               RR 100 per minute,  
                               I:Е 3:1,  
                               Inspiratory rise time 0.15 s,  
                               Vt ins 20 mL,  
                               Vt exp 25 mL,  
                               Vt еxp  3.1 L/min      

Day 14 
РС                                   50 (60)             6                       18                                  1:2                     0.40                  5                      11             0.3              99 
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Fig. Chest radiography during the study stages. 
а — PC mode ventilation (day 2); b — PC mode ventilation (day 3); c — HFOV (day 3); d — 3 h after switching to APRV mode; e — 
22 h after switching to APRV mode; f — PC mode ventilation (day 14). 

Table 2. Change of echocardiographic parameters during study stages. 
Parameter                                                                                                                                                                           Values 
                                                                                                                                                                   Day 2                    Day 3                      Day 4 
Right ventricle diameter, cm                                                                                                  0.7                          1                            0.6 
Interventricular septum, cm                                                                                                 0.28                      0.22                        0.25 
Left ventricular end diastolic diameter, cm                                                                      1.2                         1.1                          1.1 
Left ventricular end systolic diameter, cm                                                                        0.7                         0.6                          0.7 
Left ventricular posterior wall, cm                                                                                      0.21                       0.2                          0.2 
Ejection fraction, %                                                                                                                   �65                       �65                        �65 
Pulmonary artery pressure, mm Hg                                                                                    �30                       =50                         =34 
 

On day 4, echocardiography (Table 2) and 
chest radiography were performed (Fig. e). 

In this case, the APRV ventilation mode allowed 
the setting of a sufficient PIP level corresponding 
to P-high, which was at the same time much lower 
than in «assisted» and pressure-controlled «classical» 
ventilation, but allowed to maintain a high MAP, 
and the inspiratory inversion allowed to prolong 
the inspiratory phase in the respiratory cycle at a 
stable frequency, which promoted alveolar recruit-
ment without changing the respiratory volume, 
which further allowed to smoothly reduce PIP 
(P-high) and MAP with subsequent reduction of 
gas flow and the risk of barotrauma. High AutoPEEP 
(due to prolonged inspiratory and expiratory phases 
and inversion of the I:E ratio) helped to increase 
functional residual capacity (FRC). Such a long 
period of APRV mode use was based on the results 
of acid-base balance and chest x-ray. 

Further improvement of the patient's condition 
was observed with normalization of glycemia, lactate 
and procalcitonin levels (Tables 3, 4). The evolution 
of the complete blood count values is shown in 
Table 5. 

A chest x-ray was performed (Fig. f). 
Metabolic acidosis was corrected with 4% sodi-

um bicarbonate and 2 mL/kg cytoflavin in 5% 
glucose solution in a 1/5 ratio (this combination 
was chosen to prevent hypernatremia and en-
cephalopathy) [25]. Respiratory alkalosis was cor-
rected by gradually decreasing P-high and adjusting 
the I:E ratio with a «shift» from reversible APRV 
mode to Bi-vent mode (E:I 3:1; 2:1; 1:1; 1:1; 1:2) and 
further transition to conventional ventilation under 
blood ABB control (Table 3).  

On postnatal day 14, the mode of ventilation 
was changed from endotracheal tube to pressure-
controlled support (Table 1).  
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Table 3. Changes in blood ABB. 
Time of measurement                                                                                                                                     Values  
                                                                                                  pH               pCO₂,             рО₂,              ВЕ(В),           НСО₃(std),       Glucose,      Lactate,  
                                                                                                                      mm Hg        mm Hg         mmol/L            mmol/L           mmol/L       mmol/L 

Day 1 
14:59                                                                                7.35                 34                  44                  –5.5                    20.2                    5.3                 4.8 
21:05                                                                                7.29                 43                  42                  –5.5                    19.4                    8.3                 3.2 
21:42                                                                                7.34                 35                  48                  –6.1                    19.9                    5.6                 3.1 

Day 2 
05:36                                                                                7.39                 31                  42                  –4.8                    20.7                    4.5                 3.9 
15:33                                                                                7.38                 26                  32                  –7.7                    18.3                    7.9                 4.9 

Day 3 
13:23                                                                                7.32                 34                  41                  –7.4                    17.6                    5.0                 2.4 
15:33                                                                                7.30                 36                  35                  –7.8                    17.7                    5.8                 3.5 
17:30                                                                                7.30                 41                  20                  –5.6                    20.7                    6.9                 2.9 
19:05                                                                                7.38                 41                  24                  –1.1                    24.3                    8.6                 2.6 
20:55                                                                                7.24                 39                  31                 –10.1                   16.3                   13.0                8.0 
23:05                                                                                7.28                 32                  30                 –10.6                   15.2                   14.5               12.3 
02:16                                                                                7.26                 38                  29                  –9.0                    17.5                   17.1               14.9 
05:26                                                                                7.37                 38                  35                  –3.1                    22.0                   13.1               12.6 

Day 4 
13:11                                                                                7.53                 42                 112                   11                     33.5                   10.3                4.5 
19:43                                                                                7.65                 35                 109                 16.6                    37.8                    6.2                 3.4 
1:51                                                                                   7.57                 38                  93                  11.7                    34.0                    5.0                 2.4 

Day 8 
13:00                                                                                7.46                 24                  48                  –5.1                    20.8                    3.8                 1.8 

Day 13 
13:00                                                                                7.43                 25                  72                  –6.2                    20.0                    4.7                 1.5 

Table 4. Changes in inflammatory markers.  
Day in NICU                                                                                                                                              Values 
                                                                                                                Procalcitonin, ng/mL                                 C-reactive protein, mg/L 
1                                                                                                                           —                                                                           0 
4                                                                                                                         �10                                                                        24 
8                                                                                                                      0.5–2.0                                                                      7 
17                                                                                                                         0                                                                            5 
Note. Procalcitonin was measured by immunochromatographic analysis.

Table 5. Changes in CBC 
Parameter                                                                                                                                         Values on days of study 
                                                                                                                    1                                2                               4                               8                              14 
WBC, 1×10⁹/L                                                                              14.4                        24.3                       24.6                        25.9                       17.3 
RBC, 10×1012/L                                                                            4.29                        4.73                       3.71                       2.94                       5.16 
HGB, g/L                                                                                        179                         194                        150                         112                         154 
HCT, %                                                                                            51.2                        55.1                       42.0                        32.2                       45.7 
PLT, 10×1012/L                                                                              256                         270                        185                         220                         378 

WBC differential, % 
Eosinophils                                                                                      2                              2                             2                             1                             1 
Bands                                                                                                 7                              7                             9                             8                             7 
Segments                                                                                         39                           51                          46                           61                           58 
Lymphocytes                                                                                 41                           30                          30                           22                           22 
Monocytes                                                                                      11                           10                          13                            8                            12 
 

On postnatal day 20, the infant was weaned 
from the ventilator, and on postnatal day 29, the 
infant was transferred to the neonatal pathology 
unit for further management. 

After reaching 49 days after birth, the infant 
was discharged in stable condition at 38 weeks 
postconceptional age. 

Conclusion 
When traditional ventilation approaches proved 

ineffective in a neonate with very low birth weight, 
early neonatal sepsis, bilateral pneumonia, pul-

monary hypertension, and severe respiratory failure, 
the use of the airway pressure release ventilation 
(APRV) mode allowed «stabilization» of the lungs 
by alveolar recruitment. Adaptation of the ventilated 
infant and stabilization of central hemodynamics 
and pulmonary blood flow were achieved without 
the use of «harsh» and dangerous methods such as 
deep sedation and administration of muscle relax-
ants. Further research into the APRV mode as an 
alternative to ineffective conventional ventilation 
is needed, as well as the development of recom-
mendations for its use.
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Summary 
Aim: to evaluate the effect of extracorporeal membrane oxygenation (ECMO) as a life support in the treat-

ment of a patient with refractory ventricular tachycardia developed after Fontan procedure.  
Patient and treatment. A 4-year-old child developed refractory ventricular tachycardia (up to 250 bpm) 

and hemodynamic depression 18 hours after the Fontan procedure. After the failure of cardiopulmonary re-
suscitation and antiarrhythmic therapy, resternotomy with central venoarterial (VA) ECMO support was per-
formed, followed by diagnostic angiocardiography. Contrast-enhanced cavopulmonary angiography revealed 
stenosis of the left pulmonary artery, which was treated with balloon angioplasty and stenting. 

Results. Ventricular tachycardia resolved and sinus rhythm was restored within 24 hours after left pul-
monary artery stenting, supported by continuous ECMO and antiarrhythmic therapy. On day 3, transthoracic 
echocardiography showed good single ventricle contractility after a trial weaning from ECMO. As a result, the 
ECMO support was removed and the sternum sutured. The patient was discharged from the hospital on day 
47 in stable condition. 

Conclusion. The prompt initiation of VA ECMO support in a 4-year old patient with refractory ventricular 
tachycardia post-Fontan procedure along with the complex management of post-procedural residual tachy-
cardia using a combination of antiarrhythmic agents helped restoring sinus rhythm and could contribute to 
preventing neurological complications. 

Keywords: ECMO; refractory ventricular tachycardia in children; Fontan procedure  
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Introduction  

Refractory ventricular tachycardia (VT) is a 
rare and life-threatening complication after cardiac 
surgery  [1]. The main causes of postoperative re-
fractory VT in children with congenital heart disease 
include ineffective myocardial protection and resid-
ual lesions after cardiac surgery  [2, 3]. The only 
emergency treatment option is the use of venoarterial 
extracorporeal membrane oxygenation (ECMO), 
which can serve as a bridge to either recovery or 
heart transplantation [1, 2].  

Here we present a clinical case of sinus rhythm 
restoration as a result of effective use of venoarterial 
ECMO for refractory ventricular tachycardia in a 
patient 4 years after cardiac surgery. 

The aim was to evaluate the outcome of a patient 
with refractory ventricular tachycardia receiving ECMO. 

Clinical Report 
A 4-year-old patient with a body weight of 

16  kg was admitted to E. N. Meshalkin Research 

and Medical Center for Fontain's surgery with the 
initial diagnosis of congenital heart disease: hy-
poplastic left heart syndrome. Echocardiography 
showed normal contractility of the systemic ventricle, 
bidirectional cavopulmonary anastomosis without 
deformation, interatrial communication of 3.4 cm, 
accelerated flow in the neoaorta. A stent was identified 
in the descending aorta; peak gradient at this level 
was 54 mmHg. Significant tricuspid regurgitation 
and a vena contracta width of 0.79 cm were noted.  

The child underwent a complete extracardiac 
cavopulmonary anastomosis with a Gore-Tex 18 mm 
vascular graft (GORE-TEX® Vascular Grafts, W. L. Gore 
& Associates, Inc, Flagstaff, AZ, USA) with a 4 mm 
fenestration, we performed pulmonary artery branch 
repair, aortic arch repair with a Vascutek vascular 
prosthesis flap (Terumo, Renfrewshire, United King-
dom), De Vega suture angioplasty of the tricuspid 
valve. Aortic arch reconstruction was performed 
under antegrade cerebral perfusion (total time 
43 minutes). Cardioplegic solution Custodiol (650 ml 
Custodiol, Dr. Franz Köhler Chemie GmbH, Ger-
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many) was used for myocardial protection. There 
was spontaneous recovery of cardiac activity. Cavopul-
monary anastomosis was performed under parallel 
cardiopulmonary bypass (CPB) for 189 minutes. 
Weaning from CPB was performed with the infusion 
of minimal doses of norepinephrine and epinephrine 
without cardiac arrhythmias. Intraoperative trans-
esophageal echocardiography (TEE) demonstrated 
a functional cavopulmonary anastomosis without 
accelerated blood flow. Single ventricle contractility 
was normal (ejection fraction 58%).  

18 hours after surgery, the child developed 
ventricular tachycardia with ventricular rate up to 
250 beats/min and hemodynamic compromise. 
Cardiopulmonary resuscitation was performed 
with multiple electrical defibrillations at 5-minute 
intervals. 

Antiarrhythmic therapy with a triple bolus in-
jection of amiodarone 5 mg/kg followed by infusion 
at 5 mg/kg/h and a double bolus of lidocaine 1 mg/kg 
was administered without beneficial effect. Blood 
electrolytes were within normal ranges. At the time 
of resuscitation, the inotropic index was 34 points 
with high doses of dopamine, epinephrine, norepi-
nephrine, and phenylephrine. During refractory ven-
tricular tachycardia, echocardiography was performed 
and showed reduced contractility of the single ven-
tricle. During cardiopulmonary resuscitation, rester-
notomy with central veno-arterial extracorporeal 
membrane oxygenation (ECMO) was performed, 
followed by diagnostic angiocardiography. A cavopul-
monary contrast study revealed a left pulmonary 
artery stenosis (Fig., a), and balloon angioplasty was 

performed with a CP Stent L 34–45 mm (NuMED 
Inc, Hopkinton, New York, USA) (Fig., b). Coronary 
angiography showed no deformation or abnormal 
compression of the coronary arteries. 

Results  
After 24 hours on ECMO and continuous in-

fusion of amiodarone 5 mg/kg/h, sinus rhythm was 
restored. No arrhythmias were observed for the 
next 3 days. On day 3, VA-ECMO was discontinued 
and transthoracic echocardiography showed good 
contractility of the single ventricle. The patient was 
then weaned from ECMO and the chest was sutured. 
The total ICU stay was 10 days and no neurological 
abnormalities were noted in the child. The patient 
was discharged from the hospital on day 47 in 
stable condition. 

Discussion 
The conventional approach to the treatment of 

pediatric VT is medical therapy [4]. However, VT re-
fractory to medical therapy and triple ineffective de-
fibrillation often leads to hemodynamic compromise 
and the need for cardiopulmonary resuscitation [1–3]. 
In such cases, the only emergency treatment option 
is ECMO [2]. The causes of refractory VT or ventricular 
fibrillation include ineffective myocardial protection, 
electrolyte disorders, and congenital heart rhythm 
disorders such as long QT syndrome, short QT syn-
drome, and Brugada syndrome, as well as residual le-
sions after cardiac surgery [2, 5]. In our case, electrolyte 
disturbances and myocardial ischemia (absence of 
ST-segment elevation in the early postoperative period 

and normal recovery of 
sinus rhythm after sur-
gery) were excluded. 
Veno-arterial ECMO with 
central cannulation was 
initiated during cardiopul-
monary resuscitation to 
stabilize hemodynamics 
and to identify further 
causes of arrhythmias. Ac-
cording to the ECMO pro-
tocol used in our center, 
the diagnosis of residual 
lesions is performed after 
cardiac surgery [5]. 

Echocardiography 
is the gold standard for 
ruling out residual le-
sions  [6], but in single 
ventricle patients on 
ECMO, diagnosis can be 
challenging and invasive 
diagnostic modalities are 
more effective [7]. Addi-
tional tests, such as com-
puted tomography or 

Fig.  Cardiac catheterization in a patient on VA-ECMO: stenosis (a) and stenting (b) of the left pul-
monary artery.
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cardiac catheterization, can identify the causes of 
arrhythmias and the need for veno-arterial ECMO [5, 
8]. Cardiac catheterization revealed an extensive 
stenosis of the left pulmonary artery and compression 
by the aorta. 

After stenting of the left pulmonary artery within 
24 hours, the ventricular tachycardia resolved and 
sinus rhythm was restored. 

ECMO helped to maintain stable hemodynamics 
throughout its administration and to identify the 
cause of the residual lesion. Once the abnormal con-
ditions have been corrected in patients with a single 
ventricle heart, the time to weaning from ECMO de-
pends on several factors, such as the duration of car-
diopulmonary resuscitation, global systolic and di-
astolic ventricular function, and the presence of 
ECMO-related complications [9,10]. The use of a pre-
conditioned ECMO circuit shortened the duration of 

cardiopulmonary resuscitation and reduced the risk 
of neurological complications. Single ventricle ejection 
fraction was restored immediately after control of 
the rhythm disturbance, and careful surgical hemo-
stasis helped to avoid ECMO-related complications. 
The implemented action algorithm allowed to dis-
continue venoarterial ECMO after 56 hours and to 
discharge the patient in stable condition in sinus 
rhythm and without neurological deficit. 

Conclusion 
The timely initiation of venoarterial ECMO 

in the treatment of refractory ventricular tachy-
cardia, together with detection and elimination 
of postoperative residual lesions and combined 
drug antiarrhythmic therapy, allows restoration 
of normal heart rhythm and helps to avoid neu-
rological complications.



80 w w w . r e a n i m a t o l o g y . c o m G E N E R A L  R E A N I M AT O L O G Y,  2 0 2 4 ,  2 0 ;  5

For Practit ioner

References 
1. Bhandary S. P., Joseph N., Hofmann J. P., Saranteas 

T., Papadimos  T.  J. Extracorporeal life support for 
refractory ventricular tachycardia. Ann Transl Med. 
2017; 5 (4): 73. DOI: 10.21037/atm.2017.01.39. PMID: 
28275618. 

2. Bosson N., Kazan C., Sanko S., Abramson T., Eckstein 
M., Eisner D., Geiderman J., et al. Implementation of 
a regional extracorporeal membrane oxygenation 
program for refractory ventricular fibrillation out-
of-hospital cardiac arrest. Resuscitation. 2023; 187: 
109711. DOI: 10.1016/j.resuscitation.2023.109711. 
PMID: 36720300. 

3. Chen C-.Y., Tsai J., Hsu T. Y., Lai W.-Y., Chen W.-K., 
Muo C.-H., Kao  C.-H. ECMO used in a refractory 
ventricular tachycardia and ventricular fibrillation 
patient: a national case-control study. Medicine (Bal-
timore). 2016; 95 (13): e3204. DOI: 10.1097/ 
MD.0000000000003204. PMID: 27043684. 

4. Crosson J. E., Callans D. J., Bradley D. J., Dubin A., 
Epstein M., Etheridge S., Papez A., et al. PACES/HRS 
expert consensus statement on the evaluation and 
management of ventricular arrhythmias in the child 
with a structurally normal heart. Heart Rhythm. 
2014; 11  (9): e55–78. DOI: 10.1016/j.hrthm.2014. 
05.010. PMID: 24814375. 

5. Soynov I. A., Kornilov I. A., Kulyabin Y. Y., Zubritskiy 
A. V., Ponomarev D. N., Nichay N. R., Murashov I. S., 
et al. Residual lesion diagnostics in pediatric post-
cardiotomy extracorporeal membrane oxygenation 
and its outcomes. World J Pediatr Congenit Heart 
Surg. 2021; 12 (5): 605–613. DOI: 10.1177/21501351 
211026594. PMID: 34597209. 

6. Agarwal H. S., Hardison D. C., Saville B. R., Donahue 
B. S., Lamb F. S., Bichell D. P., Harris Z. L. Residual 

lesions in postoperative pediatric cardiac surgery 
patients receiving extracorporeal membrane oxy-
genation support. J Thorac Cardiovasc Surg. 2014; 
147 (1): 434–441. DOI: 10.1016/j.jtcvs.2013.03.021. 
PMID: 23597724. 

7. Boscamp N. S., Turner M. E., Crystal M., Anderson B., 
Vincent J. A., Torres A. J. Cardiac catheterization in 
pediatric patients supported by extracorporeal mem-
brane oxygenation: a 15-year experience. Pediatr 
Cardiol. 2017; 38 (2): 332–337. DOI: 10.1007/s00246-
016-1518-0. PMID: 27872993. 

8. Abdelmohsen G., Al-Ata J., Alkhushi N., Bahaidarah 
S., Baho H., Abdelsalam M., Bekheet S., et al. Cardiac 
catheterization during extracorporeal membrane 
oxygenation after congenital cardiac surgery: a mul-
ti-center retrospective study. Pediatr Cardiol. 2022; 
43 (1): 92–103. DOI: 10.1007/s00246-021-02696-w. 
PMID: 34328521. 

9. Polimenakos A. C., Wojtyla P., Smith P. J., Rizzo V., 
Nater M., El Zein C. F., Ilbawi M. N. Post-cardiotomy 
extracorporeal cardiopulmonary resuscitation in 
neonates with complex single ventricle: analysis of 
outcomes. Eur J Cardiothorac Surg. 2011; 40 (6): 
1396–1405. DOI: 10.1016/j.ejcts.2011.01.087. PMID: 
21507672. 

10. Dyamenahalli U., Tuzcu V., Fontenot E., Papagiannis 
J., Jaquiss R. D., Bhutta A., Morrow W. R., et al. Extra-
corporeal membrane oxygenation support for in-
tractable primary arrhythmias and complete con-
genital heart block in newborns and infants: short-
term and medium-term outcomes. Pediatr Crit Care 
Med. 2012; 13 (1): 47–52. DOI: 10.1097/PCC.0b013e31 
82196cb1. PMID: 21516054. 

 
Received 29.05.2023 
Accepted 03.09.2024



w w w . r e a n i m a t o l o g y . c o mG E N E R A L  R E A N I M AT O L O G Y,  2 0 2 4 ,  2 0 ;  5

Vol. 15, № 6 (2019) 
https://www.reanimatology.com/rmt/article/view/1829; 
https://doi.org/10.15360/1813-9779-2019-6-21-25  
The First Successful Implementation  
of Family-Centered Health Care  
in Pediatric Intensive Care Unit  
in Republic of Kazakhstan (Report)  
Askhat I. Saparov, Vitaly G. Sazonov,  
Zaure S. Tobylbaeva, Gauhar B. Karina,  
Mikhail N. Kurochkin, Didar K. Beremzhanova,  
Aizhan Z. Mұstafa 
Vol. 15, № 4 (2019) 
https://www.reanimatology.com/rmt/article/view/1789; 
https://doi.org/10.15360/1813-9779-2019-4-58-66  
Early Ultrasound Signs of Splenomegaly in Neonates  
S. A. Perepelitsa, S. V. Alekseeva, О. V. Vozgoment 
Vol. 15, № 1 (2019) 
https://www.reanimatology.com/rmt/article/view/1732; 
https://doi.org/10.15360/1813-9779-2019-1-12-26  
Fluid Overload as a Predictor  
of Lethal Outcome in Critically-Ill Children  
D. V. Prometnoi, Yu. S. Aleksandrovich, K. V. Pshenisnov 
Vol. 14, № 6 (2018) 
https://www.reanimatology.com/rmt/article/view/1729; 
https://doi.org/10.15360/1813-9779-2018-6-114-125  
Anesthesia in Pediatric Eye Surgery (Review)  
Lyudmila S. Korobova, Vladimir V. Lazarev 
Vol. 14, № 4 (2018) 
https://www.reanimatology.com/rmt/article/view/1698; 
https://doi.org/10.15360/1813-9779-2018-4-15-20  
Sepsis in a Child with Foreign Magnetic Bodies:  
Clinical Case  
R. V. Bocharov 
Vol. 14, № 4 (2018) 
https://www.reanimatology.com/rmt/article/view/1697; 
https://doi.org/10.15360/1813-9779-2018-4-4-14  
Differential Diagnosis of Congenital Pneumonia 
in Newborns with Low and Extremely  
Low Body Weight (Morphological Study)  
S. A. Perepelitsa, E. F. Smerdova 
Vol. 14, № 3 (2018) 
https://www.reanimatology.com/rmt/article/view/1691; 
https://doi.org/10.15360/1813-9779-2018-3-54-67  
Etiologic and Pathogenic Perinatal Factors  
for the Development of Intrauterine Infections  
in Newborns (Review)  
S. A. Perepelitsa 
Vol. 14, № 2 (2018) 
https://www.reanimatology.com/rmt/article/view/1676; 
https://doi.org/10.15360/1813-9779-2018-2-13-24  
Impairment of the Lipid Metabolism in Newborns 
in the Early Neonatal Period  
S. A. Perepelitsa 

Vol. 14, № 1 (2018) 
https://www.reanimatology.com/rmt/article/view/1634; 
https://doi.org/10.15360/1813-9779-2018-1-12-22  
Evaluation of the Efficacy of Treatment  
of Newborns with Transient Myocardial Ischemia  
Yulia N. Dovnar, Alla A. Tarasova,  
Ivan F. Ostreykov, Vladimir N. Podkopaev 
Vol. 13, № 3 (2017) 
https://www.reanimatology.com/rmt/article/view/1590; 
https://doi.org/10.15360/1813-9779-2017-3-25-34  
Complex Evaluation Oxygen Status  
and Lipid Metabolism Indexes in Newborns  
with Perinatal Hypoxia and Hypovolemic Shock  
Svetlana A. Perepelitsa 
Vol. 13, № 2 (2017) 
https://www.reanimatology.com/rmt/article/view/1581; 
https://doi.org/10.15360/1813-9779-2017-2-14-23  
The Effect of Perinatal Hypoxia  
on Red Blood Cell Morphology in Newborns  
S. A. Perepelitsa, V. A. Sergunova, O. E. Gudkova 
Vol. 12, № 6 (2016) 
https://www.reanimatology.com/rmt/article/view/1559; 
https://doi.org/10.15360/1813-9779-2016-6-16-26  
Microcirculatory Disorders in Infant Respiratory  
Distress Syndrome (Morphological Study)  
S. A. Perepelitsa, A. M. Golubev, V. V. Moroz 
Vol. 12, № 5 (2016) 
https://www.reanimatology.com/rmt/article/view/1552; 
https://doi.org/10.15360/1813-9779-2016-5-32-41  
Oxygenation Status in Critically Ill Newborns  
Y. S. Alexandrovich, E. V. Parshin,  
K. V. Pshenisnov, S. A. Blinov 
Vol. 11, № 6 (2015) 
https://www.reanimatology.com/rmt/article/view/1497; 
https://doi.org/10.15360/1813-9779-2015-6-28-37 
Perinatal Triglyceride and Cholesterol Metabolic  
Disturbances in Newborn Infants  
S. A. Perepelitsa, O. V. Sednev 
Vol. 11, № 2 (2015) 
https://www.reanimatology.com/rmt/article/view/1453; 
https://doi.org/10.15360/1813-9779-2015-2-25-34  
Erythrocyte Morphology in Neonatal Rhesus Factor  
and ABO Isoimmunization 
S. A. Perepelitsa, V. A. Sergunova,  
S. V. Alekseeva, O. E. Gudkova 
Vol. 11, № 1 (2015) 
https://www.reanimatology.com/rmt/article/view/1444; 
https://doi.org/10.15360/1813-9779-2015-1-33-38  
Effect of Succinate-Containing Infusion Solution  
on Cellular Structures in Children  
in the Perioperative Period  
V. V. Lazarev, K. R. Ermolaeva, V. S. Kochkin, L. E. Tsypin, 
T. G. Popova, D. V. Nikolaev, A. A. Bologov, N. N. Vaganov 

Articles Related to the Topic «Children» (Including Socially Significant Projects) 
Published in Journal «General Reanimatology = Obshchaya Reanimatologiya» 

During Last 10 Years






