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Obijective: To explore the application of short-peptide enteral nutrition formulation in mechanically ventilated pediatric patients with
severe pneumonia and its impact on rehabilitation outcomes, providing practical clinical evidence for the nutritional support strategy in
critically ill pneumonia children.

Methods: This study retrospectively analyzed the clinical data of 90 neonatal pneumonia patients undergoing mechanical ventilation
from May 2022 to December 2023. The patients were divided into an experimental group receiving short peptide enteral nutrition
formulation via nasogastric tube and a control group receiving whole-protein enteral nutrition formulation via nasogastric tube. The
nutritional risk was assessed using STRONGKkids, and the nutritional status was analyzed through biochemical protein indicators.
Additionally, mechanical ventilation time, hospitalization duration, incidence of ventilator-associated pneumonia (VAP), and disease
outcomes were recorded and compared between the two groups.

Results: Both groups were assessed with medium to high nutritional risk, with no significant difference in the degree of nutritional
risk (P > 0.05). After intervention, total protein, albumin, and prealbumin levels increased in both groups, with the experimental group
showing significantly higher levels than the control group (P < 0.05). VAP predominantly occurred in the control group, with an
incidence rate of 7% (3/45), showing a statistically significant difference between the two groups (P < 0.05). The experimental group
exhibited significantly shorter Length of hospital stay and mechanical ventilation duration compared to the control group (P < 0.05).
Moreover, there was no statistically significant difference in disease outcomes between the two groups (P > 0.05).

Conclusion: Short peptide enteral nutrition formulation contributes to improving the treatment outcomes of mechanically ventilated
pneumonia patients, providing a therapeutic approach for the nutritional support of critically ill children requiring mechanical ventilation.
Keywords: short peptide enteral nutrition formulation, mechanical ventilation, pediatric patients with severe pneumonia, nutritional status

Introduction

Severe pneumonia is a common acute respiratory infection in children, characterized by a rapid onset, complex
progression, and a high complication rate. In recent years, with the widespread use of antibiotics, the mortality rate
has decreased, but the incidence of complications remains high, posing a threat to the life and health of children.'
Neonatal pneumonia accounts for 10% to 20% of the causes of neonatal death.” The rapid and recurrent nature of severe
pneumonia, often accompanied by clinical manifestations such as fever, sputum production, cough, shortness of breath,
and pulmonary rales, makes its course challenging. As the condition worsens, the child’s digestive, nervous, and
circulatory systems may be affected, seriously jeopardizing their life.** Therefore, the timely and effective treatment

of neonatal pneumonia is a focal point for clinical researchers.
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Mechanical ventilation is an important therapeutic measure in the treatment of severe pneumonia, with a significant effect
on improving clinical symptoms in children. However, it is essential to note that in actual clinical practice, some children may
develop obstructive bronchiolitis as a complication, which could adversely affect treatment outcomes.” Additionally, the
nutritional status and related nutritional support issues of critically ill children are receiving increasing attention. Studies have
found that during the hospitalization in the Pediatric Intensive Care Unit (PICU), nearly one-third of children fail to receive
optimal nutritional support.® The nutritional status of critically ill children is correlated with prognosis, and malnutrition is
associated with increased duration of ventilator use, length of hospital stay, mortality rate, organ dysfunction, and the
incidence of complications.” Rational nutritional support plays a crucial role in the recovery process of the disease.
Currently, Chinese guidelines prioritize enteral nutrition.® However, critically ill children often experience varying degrees
of gastrointestinal dysfunction, making the selection of suitable enteral nutrition formulations essential.

EEN formulations can be categorized into three types based on their nitrogen sources: whole-protein, short-peptide,
and amino-acid-based formulations. Whole-protein EEN formulations rely on intact proteins as the nitrogen source,
which require digestion and absorption in the intestine.” For patients with impaired intestinal function, this could increase
the burden on the gut. Amino-acid-based formulations, on the other hand, have high osmolarity, which can lead to
diarrhea and may result in essential fatty acid deficiency.'® Short-peptide EEN formulations, composed primarily of
protein hydrolysates, can be absorbed directly by the intestine without digestion, thus avoiding additional stress on the
gut. Studies have shown that the body primarily absorbs protein in the form of short peptides, with free amino acids
being less efficient. Short peptides also serve as energy substrates for intestinal mucosal epithelial cells, promoting the
development of intestinal mucosal tissue.'''* Therefore, short-peptide EEN formulations are more suitable for repairing
damaged intestinal mucosa.

This study provides a detailed analysis of the application of short-peptide enteral nutrition formulations in children
with pneumonia caused by mechanical ventilation, aiming to improve the nutritional status and promote recovery. It
explores the effectiveness of short-peptide enteral nutrition formulations in critically ill children with pneumonia,
offering practical clinical evidence for the nutritional support strategy in critically ill children.

Materials and Methods

Clinical Patient Data

In this study, we selected the medical records of 90 neonatal pneumonia patients who underwent mechanical ventilation
treatment between May 2022 and December 2023 as the research subjects. These patients met the diagnostic criteria for severe
pneumonia.’ General clinical data, including age, gender, admission and discharge weight, length, oxygenation index, etc.,
were recorded. Inclusion criteria were as follows: (1) Meeting the diagnostic criteria for severe pneumonia. (2) Meeting the
indications for mechanical ventilation. 3) Informed consent signed by the guardians. Exclusion criteria were: (1) Severe
hepatic or renal dysfunction. (2) Concomitant digestive system surgical diseases such as gastrointestinal bleeding or intestinal
obstruction. This study was approved by the Ethics Committee of Guangyuan Central Hospital. Informed consent was
obtained from the guardians of all subjects. The study complies with the principles outlined in the Declaration of Helsinki.

Methods

All patients received mechanical ventilation treatment. The 90 patients were evenly divided into two groups based on the
order of admission, with 45 patients in each group. The experimental group received short-peptide enteral nutrition
formulations (Peptamen, Nestle) through a nasogastric tube, while the control group received whole-protein enteral
nutrition formulations (Nutrison, Nestle) through a nasogastric tube. Parenteral nutrition was supplemented in the early
stage of intervention, and no additional parenteral nutrition was provided later.

Within the first 48 hours of admission, all patients initiated nutritional support. Nasogastric tube feeding was
performed every 3 hours, with an initial volume between 10-20 mL, gradually increased by 5-10 mL, and decreased
or temporarily paused if intolerance occurred. If insufficient, “all-in-one” parenteral nutrition supplementation, initiated
at 0.5-1.0 g/(kged) through slow intravenous infusion, was gradually increased to 3.0-3.5 g/(kged) following Chinese

. . . 1
guidelines recommendations. '
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Resting energy expenditure (REE) for each child was calculated using the Schofield formula as a basis for
determining the minimum energy requirements. The nutritional support plan was dynamically monitored and adjusted
according to the patient’s condition to gradually meet their physiological needs. Gastrointestinal tolerance in both groups
was carefully observed and recorded, including abdominal distension, diarrhea, and gastrointestinal bleeding.

Clinical outcomes were recorded in detail, including mechanical ventilation time, length of PICU stay, and the occurrence
of ventilator-associated pneumonia (VAP). The diagnosis criteria for VAP were referenced from the 2010 Pediatric Hospital-
Acquired Pneumonia Management Program.” Through these comprehensive and accurate data, a thorough assessment of the
treatment outcomes was ensured, providing comprehensive attention to the patient’s condition.

Observational Indices

Primary Observational Indicators

Comparison of hospitalization time and mechanical ventilation time between the two groups. Evaluation of disease
development results in the two groups, including the incidence of ventilator-associated pneumonia (VAP).

Nutritional Risk Scoring: To comprehensively understand the nutritional status of the children, the STRONGkids
nutritional risk screening tool'* was used to score all patients for nutritional risk, with detailed records. The scoring
included four aspects to assess the nutritional status of children. A score of 0 indicated low nutritional risk, requiring no
nutritional intervention. Scores of 1-3 indicated moderate nutritional risk, necessitating nutritional intervention with
weight monitoring and weekly reassessment. Scores of 4 and above indicated high nutritional risk, requiring consultation
with a nutritionist.

Assessment of Critical Illness Severity in Children: To accurately assess the severity of the children’s condition, the
Pediatric Critical Illness Score (PCIS)'” was used to score all patients, with detailed records. Based on the scoring results,
patients were categorized into non-critical group (PCIS > 80 points), critical group (70 points < PCIS < 80 points), and
extremely critical group (PCIS < 70 points).

Secondary Observational Indicators

Fasting venous blood samples (5 mL) were collected from both groups before the intervention and on the 8th day post-
intervention. The samples were centrifuged at 3000 r/min for 10 minutes, and serum nutritional indicators were analyzed
using a fully automated biochemical analyzer (Model: BK-280, Manufacturer: Jinan Chengteng Biotechnology Co., Ltd.)
and enzyme-linked immunosorbent assay (ELISA). The primary indicators assessed included total protein (TP), albumin
(ALB), and prealbumin (PA).

Statistical Analysis

Data were processed using GraphPad Prism 9 software and statistically analyzed using SPSS 20.0 software. For normally
distributed quantitative data, the mean + SD deviation (X & s) was used, and an independent sample #-test was employed
for between-group comparisons. Count data were expressed as counts and percentages (%), and a chi-square test was
used for between-group comparisons. The significance level was set at P < 0.05, indicating statistical significance when
differences were observed.

Results

Baseline Data Comparison
There were no significant differences in general clinical data between the two groups of patients (P > 0.05), as shown in
Table 1.

Assessment of Nutritional Risk Level in Children
There was no significant difference in the degree of nutritional risk between the two groups (P > 0.05), as detailed in
Table 2.
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Table | General Clinical Data of Children with Severe Pneumonia

Group Control | Experimental tly 2 P
Group Group

Case (n) 45 45

Age (Month) | 3.6+2.4 3.5+25 0.1936 | 0.8470

Gender Male 31 35 0.9091 | 0.3404
Female 14 10

Weight (kg) 5.4%1.5 5.2+2.7 0.4344 | 0.6651

Height (cm) 63.5+4.2 62.8+5.4 0.6864 | 0.4943

Pediatric Critical lliness (Points) | 76.5+3.0 75.5£6.0 1.0000 | 0.3201

Score

Oxygenation index 5.6%2.5 6.7£2.2 2.2158 | 0.0293

STRONGkids (Points) 3017 3.9%1.5 2.3671 | 0.0201

Table 2 Nutritional Risk Assessment of Children in
Two Groups [Case/ (%)]

Group Case Nutritional Risk

(n) Low | Middle | High

Control group 45 9(20) | 15(33) | 21(47)
Experimental group 45 0(0) 23(51) | 22(49)
g 6.9246
p 0.0751

Comparison of Serum Nutritional Indicators Between the Two Groups Before and
After the Intervention

Before the intervention, there were no significant differences in albumin (ALB), prealbumin (PA), and total protein (TP)
levels between the two groups (P > 0.05). After the intervention, the levels of ALB, PA, and TP increased significantly in
both groups, with the experimental group exhibiting significantly higher levels than the control group (P < 0.05). Detailed
data are presented in Figure 1. However, given that these markers can be influenced by inflammatory and acute stress
responses, their interpretation should be considered in conjunction with clinical outcomes such as mechanical ventilation
time and length of stay.

Comparison of Ventilator-Associated Pneumonia (VAP) Incidence, Mechanical
Ventilation Time, and Length of Hospital Stay Between Two Groups

The incidence of VAP was mainly observed in the control group, with an incidence rate of 7% (3/45), and the difference
between the two groups was statistically significant (P < 0.05). The length of hospital stay and mechanical ventilation
time were significantly shorter in the experimental group compared to the control group. Detailed data can be found in
Table 3.

Comparison of Disease Development Results Between Two Groups

The results of disease development in both groups showed an overall effective rate of 95%, with a mortality rate of 2%.
In terms of disease progression, there were no statistically significant differences between the two groups (P > 0.05). See
details in Table 4.
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Figure | Comparison of Serum Nutritional Indicators Between the Two Groups Before and After the intervention. (A) TP levels in both groups before and after the
intervention. (B) PA levels in both groups before and after the intervention. (C) ALB levels in both groups before and after the intervention.

Note: P < 0.05 compared to the control group.

Discussion
Nutritional deficiencies in mechanically ventilated children can impair immune function and delay recovery. Malnutrition

may lead to muscle atrophy, reduced respiratory muscle tension, weakened contractility and endurance, respiratory
muscle fatigue, and difficulties in weaning from mechanical ventilation, ultimately affecting treatment efficacy.'®
Appropriate nutritional support is therefore crucial and has become an integral part of comprehensive care for critically
ill children. The incidence of malnutrition and nutritional risk in mechanically ventilated children is relatively high.
Domestic studies have reported a significant correlation between mechanical ventilation and the occurrence of malnutri-

tion. Univariate analyses also suggest that malnutrition is significantly associated with prolonged PICU stays.'*!”

Table 3 Mechanical Ventilation Time and Length of Hospital Stay in Two Groups (X £ s)

Group Case | Length of Hospital Stay | Mechanical Ventilation Time
(n) (Day) (Day)
Control group 45 28.2+10.5 16.8+6.5
Experimental group 45 21.4+8.2 11.845.6
t 3.4240 3.9094
p 0.0001 0.0001
https: 423
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Table 4 Comparison of Disease Development Results Between Two Groups

Group Case | Heure | Improvement | Not healing | Death
(n)

Control group 45 29(64) 11(24) 3(7) 2(4)

Experimental group 45 28(62) 15(33) 1(2) 1(2)

z 0.0332

p 0.9735

Among the 90 critically ill pneumonia patients included in this study, three cases of ventilator-associated pneumonia
(VAP) were reported, all in the control group. These cases exhibited gastrointestinal intolerance, which may be related to
bacterial translocation in the gastrointestinal tract. However, further clinical studies are needed to confirm this associa-
tion. Literature has shown that early mechanical ventilation in pneumonia can significantly improve disease
progression.'” In this study, the experimental group had significantly shorter hospital stays and mechanical ventilation
durations compared to the control group, with statistical significance.

Previous research suggests that malnutrition may lead to longer hospital stays, increased ICU stay duration,
higher infection rates, and ICU readmission rates. It may also contribute to multi-organ failure and increased in-
hospital mortality risk.'® A study by Gonzalez et al'® found a high incidence of malnutrition in mechanically
ventilated children in the PICU, with 88.8% of children experiencing insufficient feeding during mechanical
ventilation. Most critically ill children fail to meet their nutritional needs during hospitalization. The same
study reported that increasing energy intake from 33% to 66% of the prescribed target could reduce mortality

in critically ill children. Similarly, Heffernan et al*’

found that increasing energy supply significantly shortened
hospital and mechanical ventilation durations, and the percentage of target energy supply was negatively correlated
with mortality. In summary, the significantly shorter hospital stay and mechanical ventilation duration observed in
the experimental group indicate that short-peptide nutritional supplements positively impact these outcomes.

Studies have shown that the more severe the child’s illness, the greater the nutritional risk.?' In this study, using
the STRONGKids nutritional risk assessment, it was found that there was no significant difference in the degree of
moderate to high nutritional risk between the two groups. Further analysis of biochemical protein indicators in
critically ill children showed that the levels of total protein, albumin, and prealbumin in both groups increased after
intervention, with a more significant increase in the experimental group. This suggests that short peptides can be
absorbed by critically ill pneumonia children even when gastrointestinal function is impaired, promoting the
recovery of intestinal tissue without increasing the gastrointestinal burden and resulting in better tolerance.?” It is
well known that pneumonia children who develop pneumonia due to mechanical ventilation often have severe
inflammation, and their bodies are in an acute stress state, which may lead to weakened or damaged gastrointestinal
function. The use of short-peptide nutritional supplements is more beneficial for the recovery of intestinal mucosa in
critically ill children.

Conclusion

This study found that short-peptide enteral nutrition support improved recovery in critically ill pediatric pneumonia patients,
with shorter mechanical ventilation time and hospital stay compared to the control group. Although biochemical markers such
as ALB, PA, and TP improved, the main clinical benefit was a faster recovery. No significant differences in disease outcomes
or overall effectiveness were observed between the groups. These findings suggest that short-peptide nutrition support can
enhance clinical recovery by reducing mechanical ventilation time and hospital stay. However, given the small sample size
and single-center nature of the study, further multicenter trials with larger samples are needed to confirm these results.
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