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Abstract

INTRODUCTION: Feeding critically ill patients on mechan-
ical ventilation through a gastric tube can be challenging.
Parenteral nutrition is often preferred when enteral feeding
is problematic. Transpyloric feeding has been identified as an
optimal method of nutrition for seriously ill premature in-
fants. OBJECTIVE: This study aims to evaluate the advan-
tages of transpyloric feeding combined with artificial ven-
tilation compared to gastric feeding in premature neonatal
patients. MATERIALS AND METHODS: The study included
64 patients with low tolerance to enteral feeding who re-
quired mechanical ventilation. The gestational age of the pa-
tients did not exceed 34 (32-35) weeks. Enteral feeding
using a NAN® mixture was administered through a feeding
tube placed outside the pylorus with an anti-reflux mecha-
nism. The volume of enteral feeding was determined based
on the requirement of 120 kcal/kg/day. RESULTS: The re-
sults of the study demonstrated that the group receiving
transpyloric feeding had a significantly shorter hospital stay
of 54 (41-67) days compared to the group receiving gas-
tric feeding with 86 (64-94) days, p < 0.05. The weight
gain in the group receiving gastric feeding was significant-
ly lower at 89 (55-200) g compared to the group receiving
transpyloric feeding with 161.5 (110-218) g. Similar findings
were observed regarding a decrease in total protein levels
on the 10t day of the study in the gastric feeding group
with 36.5 (32-40) g/l compared to the transpyloric feeding
group with 47 (42-50) g/l, p < 0.05. CONCLUSIONS: Trans-
pyloric nutrition in premature infants on mechanical venti-
lation is a more efficient method compared to gastric feed-
ing. The findings suggest positive effects including reduced
hospitalization duration, prevention of hypoproteinemia,
and significant increase in body weight.
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Pegpepam

AKTYAJIbHOCTb: Kak n3BecTHO, NnTaHne Yepes ractpasb-
HbI 30H/ He BCerja XOpoLO NepeHOCUTCA TAKeN060/bHbIMU
NaLMeHTaMn Ha UCKYCCTBEHHOW BeHTUAALMM nerkux (VBJI).
Mpy BO3HWKHOBEHWM NpobaeM C YCBOEHMEM 3HTepaslbHOro
KOPM/IeHMA Bpa4u OTAAIOT MpeAnoyTeHne napeHTepaibHOMYy
MUTaHWUIO. TPaHCMUNOPUYECKUIA METO/, KOPM/IEHUA ABAAETCA
OMNTVMa/bHbIM MeTOAOM ANA TAKEN0O0/bHbIX HEJOHOLLEHHbIX
aeten. UEJIb UCCNEAOBAHUA: Ouenntb npenmyLiecTsa
MCMO/Ib30BaHMA  TPAHCMWUIOPUYECKOTO MeTOoZa KOpM/IeHUA
Y HeJJOHOLLEeHHbIX AeTel, HaxoAAwmxca Ha MBJ1, B cpaBHeHUM
C ractpasnbHbiM kopmAeHueM (TK). MATEPUAJIbI U METO/bl:
B nccnepoBaHue 6bim BK/OYEHb 64 NaLyeHTa, KOTopble UMe-
/I HV3KYIO TONIEPAHTHOCTb K 3HTEPaNbHOM Harpyske, a Takxe
Hy»Xganaucb B nposeAeHun VIBJ1. TecTalMOHHbIN BO3pacT na-
UMEHTOB He npesbiwan 34 (32-35) Heaesb. [nis 3HTEpanbHOrO
KOPM/IEHMA Yepe3 NuTaTe/bHbIA 30H/, YCTaHOBNEHHbIN 3a npe-
Aenbl NpUBPaTHMKA, nCrnosib3osaan cmecb NAN® AHTrpedtoKc.
O6beM 3HTepa/bHOrO KOPM/IEHWA OMpeAensinm U3 pacyeTa
Heobxoaumolt notpebHocTn 120 kkan/kr/cyt. PE3YJIbTATbDI:
B pe3ysibTaTe npoBeseHHOro MCCIeA0BaHUA B rpymne 60/1bHbIX
C TPAHCMIMNOPUYECKM KOPM/eHMeM obpallaeT Ha cebs BHUMa-
HWe MeHbLUMIA CPOK NpebbiBaHusA B CTaluoHape — 54 (41-67)
AHS MO cpaBHeHuio ¢ rpynnoit K — 86 (64-94) aHeit, p < 0,05.
Mpnbaeka Maccbl Tena B rpynmne K 6bi1a 3HaYMTeIbHO Hke —
89 (55-200) r no cpaBHEHWIO C FPYMMON TPAHCMUIOPUYECKOrO
kopMmaeHua — 161,5 (110-218) r. AHasorv4Hble U3MeHeHUs 3a-
dMKCPOBaHbI 1 B OTHOLLEHUM CHKEHWA YPOBHA obLero 6es-
Ka Ha 10-i1 geHb nccnegosaHusa B rpynne MK (36,5 [32-40] r/n)
MO CPaBHEHWIO C FPYNMOM TPaHCMUAOPUHECKOrO KOPM/IEHUA
(47 [42-50] r/n), p < 0,05. BbIBOAbI: Vicnonb3osaHue TpaHc-
MUIOPUYECKOrO NUTAHWA Y HeAOHOLWEeHHbIX geTeit Ha VIBJI
B cpaBHeHuu ¢ K ABnseTca 6onee 3dPeKTUBHLIM METOAOM.
ony4eHHble JaHHbIe CBUAETENbCTBYIOT O TAKUX MONOMKUTENb-
HbIX 3deKTax, KaK CHUKEHMe CpOoKa rocnuMTanmnsaumu, npe-
AOTBpalLeHne runonpoTemHemMum, 6onbluas npubaska Macchbl
Tena.
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Introduction

Impaired motor function of the upper gastrointesti-
nal tract (GIT) is a prevalent issue in the neonatal inten-
sive care unit (NICU). Delayed gastric emptying can lead
to enteral nutrition intolerance and progressive nutrient
deficiency. It has been estimated that gastrointestinal dys-
function affects at least 60 % of patients in the NICU [1, 2].
Additionally, approximately 30 % of patients in the NICU
who attempted enteral nutrition had to discontinue
it due to reduced tolerance to feeding[2]. Prolonged
withholding of enteral nutrition is associated with ex-
tended stays in the NICU and increased mortality
rates [3-6].

Gastroparesis, characterized by impaired gastric emp-
tying without any mechanical obstruction, is frequently
observed in newborns. The development of gastroparesis
is influenced by several factors, including compromised
perfusion of the gastrointestinal wall, the release of inflam-
matory cytokines, intestinal wall edema due to capillary
leakage, hyperglycaemia, electrolyte imbalances, and hor-
monal dysregulation affecting motility. These factors col-
lectively impact both the proximal and distal motility
of the stomach.

Objective. The objective of this study is to assess
the benefits associated with the utilization of the transpylor-
ic feeding method in premature infants undergoing artificial
ventilation as compared to gastric feeding.
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Materials and methods

A prospective, longitudinal study was conducted
at the Children’s Hospital of Irkutsk from September 2021 to
September 2022, under the supervision of Chief Physician,
MD, professor Novozhilov V.A. The study received approv-
al from the local Ethics Committee of the Russian Medical
Academy of Continuous Professional Education in Irkutsk,
Russia (Protocol No. 10, November 28, 2021). Informed
consent was obtained voluntarily from the legal representa-
tives of all participating children. The study included 64 pa-
tients aged between 10 and 90 days of life, with a gestational
age corresponding to 29 (26-37) weeks. All patients had
a confirmed diagnosis of pneumonia [6], requirement of me-
chanical ventilation, and exhibited low tolerance to enteral
feeding through a gastric tube. Patients with congenital mal-
formations, those who had undergone gastrointestinal tract
surgery, and individuals with contraindications for enteral
nutrition were excluded from the study.

Patients who required mechanical ventilation and ex-
hibited clinical manifestations of gastroesophageal reflux
(GER) while receiving gastric feeding (GF) were offered
transpyloric feeding (TPF). The installation of a transpy-
loric tube (TPT) was guided by ultrasound imaging [7],
with successful placement and confirmation of the tube’s
location using a portable ultrasound scanner, Mindray M7
(China). The ultrasound method for visualizing the position
of the TPF was found to be effective and safe, with a success
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rate of 94.1% [7]. An anti-reflux formula was used for en-
teral feeding through a feeding tube placed after the pylo-
rus. The volume of enteral feeding was determined based
on the requirement of 120 kcal/kg/day. The administered
volume of the nutrient formula, adjusted according to body
weight, was delivered within a two-hour period. The as-
sessed indicators were evaluated on the first and tenth days
of transpyloric feeding. The duration of tube placement
in the transpyloric position was limited to ten days to miti-
gate the risk of complications [8], and no complications re-
lated to transpyloric feeding were observed.

The severity of each patient’s condition was assessed
using the following scales: nSOFA-Neonatal Sequential Organ
Failure Assessment (Neonatal Organ Failure Assessment
scale) [9], NTISS-Neonatal Therapeutic Intervention Scoring
System (neonatal treatment effectiveness scale) [10],
and SNAP-Score for Neonatal Acute Physiology (Neonatal
Acute Physiology Assessment Scale) [11]. Scores were cal-
culated based on medical records upon admission to the in-
tensive care unit, and the maximum score at admission
and on the tenth day was utilized for analysis. Pneumonia
therapy adhered to Russian clinical guidelines [6]. During
treatment, all children underwent invasive mechanical ven-
tilation using Maquet servo-i infant devices, employing
“Pressure Controlled Ventilation” (PCV). Ventilation pa-
rameters were selected based on the severity of the condition
upon admission and the acid-base state results.

Statistical analysis

Statistical  analysis was performed using
the STATISTICA 10.0 program for Windows. The distri-
bution normality was assessed using the Kolmogorov—
Smirnov criterion. Quantitative data are presented as me-
dians and quartiles — Me (p24-p75). The Mann—Whitney
test was employed to analyze the statistical significance
of differences in quantitative characteristics between two
independent groups. A significance level of p < 0.05 was
considered statistically significant.

Results

The degree of organ dysfunction was assessed us-
ing the nSOFA, NTISS and SNAP scales. In the group
receiving transpyloric feeding (TPF), the nSOFA score
was estimated at 3 (3—-4) points, while in the gastric feed-
ing (GF) group, it was 3 (2-4) points. NTISS with a score
of 26 (23-29) points in the GF group and 25 (23-26) points
in the TPF group. SNAP resulting in a score of 92 (85-100)
points in the GF group and 94 (88-99) points in the TPF
group. The laboratory data over time are presented

in the table. No statistical differences were observed be-
tween the compared groups at the beginning of the study
(Table 1).

During the course of the study, noticeable improve-
ments were observed in the condition of newborns receiv-
ing transpyloric feeding (TPF). There was a more signifi-
cant and sustained decrease in the concentration of oxygen
in the inhaled air during mechanical ventilation. By the tenth
day, this indicator decreased by 47% in the TPF group,
whereas in the gastric feeding (GF) group, it decreased
by only 30% (p < 0.05). However, the duration of mechan-
ical ventilation did not show a significant change and did
not reach statistical significance. In the GF group, the du-
ration was 10.5 (9-12) days, while in the TPF group, it was
10 (8-13) days.

Throughout the intensive care period, the TPF group
exhibited a two-and-a-half-fold reduction in leukocytosis,
whereas the GF group only experienced a two-fold reduc-
tion. As a result of TPF treatment, the total protein level
increased by 4 % in this group, whereas in the GF group,
it decreased by 25% (p < 0.05). Furthermore, a significant
increase in body weight was observed in the TPF group,
with a gain of 161.5 (110-218) g, whereas the GF group only
experienced a gain of 89 (55-200) g, p < 0.05.

There were no statistically significant differenc-
es in the changes in severity of the condition on day 10.
According to the NTISS scale, the GF group had a score
of 6 (3-9) points, while the TPF group had a score of 5 (3-6)
points. On the nSOFA scale, on the tenth day of treatment,
the TPF group scored 2 (1-2) points, and the GF group
scored 2 (1-3) points. Regarding the severity of the patient’s
condition on the SNAP scale on day 10, the GF group scored
22 (15-26) points, whereas the TPF group scored 19 (16-
22) points.

In terms of hospital stay, the group of patients receiv-
ing TPF had a duration of 54 (41-67) days, whereas the GF
group had a duration of 86 (64-94) days (p < 0.05).

Discussion

Newborns, particularly preterm infants, have limit-
ed nutrient reserves and higher energy and material de-
mands, making them more susceptible to hypercatabolic
processes. Therefore, it is crucial to establish a clear algo-
rithm for nutritional support in these critically ill infants.
Recognizing the need for early nutritional support initiates
its implementation as soon as possible. Early transition
from parenteral nutrition to enteral feeding helps prevent
bacterial translocation syndrome in the undernourished
intestines. However, numerous studies indicate that prema-
ture infants often struggle with tolerating gastric feeding.
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Table 1. Comparative characteristics of the studied indicators between groups on the 1and 10 days of the beginning

the feeding

GF group, n =32 TPF group, n = 32

(1-1.3)

(1-1.2)

(1.1-1.3)

Test trait Me (p25-p75) Me (p25-p75)
Day1 Day 10 Day 1 Day 10
Platelets, n x 10° 91 101 89 110
(112-138) (100-173) (100-144) (100-150)
Leukocytes, n x 10° 18.2 87 14.2 6.8
(12.8-19) (6.7-9.9) (10.8-16.8) (5.5-9.5)
Leucocyte formula shift to the left, % 15 5 12 3.8
(12-22) (3-7) (8-17) (2-4)
Total protein, g/l 49 36.5 45 47
(42-53) (32-40)* (37-50) (42-50)*
Urea, mmol/l 33 32 4.2 4
(2.7-3.5) (2.9-3.4) (3-5.8) (3.2-5.4)
Creatinine, mmol/l 37 38 385 40
(28-56) (33-57) (30-53) (32-53)
pH 7.22 7.38 7.21 7.37
(7.16-7.24) (7.36-7.4) (7.16-7.24) (7.35-7.4)
pCO2, mm Hg 68.2 43 68 43
(63.9-71.2) (38-46) (62.3-71.2) (38-49)
pO2, mmHg 34 47 35 44
(29-40) (41-53) (29-47) (36-52)
Glucose, mmol/l 4.5 47 5 53
(3-7) (3.8-5.9) (3-7) (4-6)
HCO3, mmol/l 22.2 25.9 22.4 23.6
(19.4-25.5) (24.2-27) (19.4-25) (21.2-26.4)
FiO2, % 65 45 67.5 36
(55-75) (35-55)* (55-80) (35-45)*
K+, mmol/l 4.1 39 3.8 4
(3.5-4.5) (3.4-4.2) (3.5-4.2) (4-5)
Na*, mmol/l 137.5 139 138 138
(136-142) (137-141) (136-141) (136-140)
Caz+, mmol/l 1.1 1 1.1 1

(1-1.2)

* p < 0,05 in comparison of GF and TPF groups.
GF group — gastric feeding, TPF group — transpyloric feeding.
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The scientific literature on identifying the optimal
feeding method has conflicting findings. Gastroparesis
is frequently observed as a manifestation of gastrointestinal
dysfunction, with the etiology often unknown in children.
While this condition affects 4 % of adults, there is limited
data on its prevalence in children [12].

Published studies have demonstrated that transpylor-
ic feeding (TPF) is comparable in effectiveness to surgical
fundoplication. This study is the first to demonstrate the ad-
vantages of TPF over gastric feeding (GF) in premature
infants with pneumonia and undergoing mechanical ven-
tilation. The GF group showed significantly lower weight
gain compared to the TPF group. Similar changes were
observed in the decrease of total protein levels in the GF
group. Furthermore, the duration of mechanical ventila-
tion and length of hospital stay were significantly short-
er in the TPF group. Consequently, it can be concluded
that transpyloric nutrition is a more effective method com-
pared to gastric feeding for premature infants on mechanical
ventilation.

However, it is worth noting that there are studies
in the scientific literature that restrict the use of TPF. A group
of researchers led by E.A. Jensen from the Department
of Neonatology at the Children’s Hospital of Philadelphia,
Pennsylvania, USA, found that TPF slightly increased
the frequency of hypoxemia among study participants [13].
Additionally, there have been reported cases of spontaneous
perforation when using nutrient tubes placed outside
the pylorus [14].
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