Evaluating the Impact of Enteral Glutamine Supplementation on Preventing
Ventilator-Associated Pneumonia: A Pilot Randomized Clinical Trial in Critically

11l Patients

Zahra Soleymani Dashtaki!, Saeed Abbasi?, Shadi Farsaei'**

!Department of Clinical Pharmacy, School of Pharmacy, Isfahan University of Medical Sciences, Isfahan, Iran.
?Anesthesiology and Critical Care Research Center; Isfahan University of Medical Sciences, Isfahan, Iran.

3 Isfahan Pharmaceutical Sciences Research Center, School of Pharmacy, Isfahan University of Medical Sciences, Isfahan, Iran.

Received: 2025-07-08, Revised:2025-08-27, Accepted: 2025-09-02, Published:2025-09-30

Abstract

Background: Ventilator-associated pneumonia (VAP) is a common and serious complication of mechanical
ventilation in intensive care units (ICUs). The current study evaluates the effectiveness of enteral glutamine
(GLN) supplementation in preventing VAP in ICU patients.

Methods: This controlled, randomized clinical trial was performed on mechanically ventilated ICU patients
who had a Clinical Pulmonary Infection Score (CPIS) of < 6 within 48 hours of starting ventilation. Patients in
the intervention group received 40 g of GLN during the first 48 hours after intubation, and this was continued
for seven days. Both the intervention and control groups received standard preventive care. Outcomes were
evaluated by comparing the incidence of VAP, the number of pneumonia-free days, and the duration of

ventilation and ICU length of stay in each group.

Results: We analyzed the medical records of 613 patients to identify those who met the eligibility criteria for our
study, resulting in a final cohort of 35 participants (16 in the intervention group and 19 in the control group). The
present clinical trial did not reach its target sample size of 23 patients per group, primarily because of participant
attrition and loss to follow-up. Our findings revealed no significant differences in the incidence of early, late, or
overall VAP between the two groups. However, the number of pneumonia-free days was significantly higher in
the intervention group compared to the control group (log-rank test: P-value= 0.05). Other secondary outcomes,
such as mortality rate, and the duration of ICU stay, hospital stay, and mechanical ventilation, also showed no
significant differences between the two groups.

Conclusion: The administration of oral GLN supplements has been associated with an increase in the number
of pneumonia-free days among ICU patients; however, this benefit does not appear to reduce the incidence of
VAP. Further high-quality studies are warranted to validate these observations and to investigate the potential

efficacy of GLN supplementation within specific patient cohorts.
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Introduction

second most common nosocomial infection, largely
because mechanical ventilation compromises the body’s
innate immune defenses (2-4).

Mechanical ventilation is a crucial intervention in the
intensive care unit (ICU) for maintaining lung function
and preserving life in many patients. Despite its necessity,
it poses a considerable risk for the development of Managing VAP requires extensive antibiotic use, which
ventilator-associated pneumonia (VAP) (1). VAP is the contributes to the global healthcare crisis of multidrug-resistant
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pathogen development (5, 6). Due to the high associated
mortality rate of approximately 10% and the growing threat
of antimicrobial resistance, VAP prevention remains an urgent
and vital priority within the healthcare system (5, 7, 8).

To effectively prevent VAP, a coordinated, multidisciplinary
approach is essential for ensuring patient safety.
Comprehensive preventive measures, including strategies
to prevent aspiration, reduce equipment contamination,
and minimize aerodigestive tract colonization, along
with the implementation of VAP care bundles, have been
shown to significantly decrease the occurrence of VAP in
developed countries (9).

Based on new insights into VAP, there is a clear
need for alternative therapeutic strategies, including
immunomodulatory agents (10).

Immune modulation is a promising strategy for restoring
microbiome diversity and improving mucosal immunity,
which may help prevent hospital-acquired pneumonia
(11). Glutamine (GLN), a non-essential amino acid, plays
a crucial role in sustaining homeostasis and physiological
function during periods of stress. It has shown
immunomodulatory properties that may be beneficial for
ICU patients, making GLN a potential therapeutic target
for modulating both suboptimal and hyperactive immune
responses (12-14).

In preclinical and clinical research, GLN supplementation
has been shown to support intestinal immune function
and may reduce the risk of infection. However, there is
no conclusive evidence that it prevents VAP (15). While
multiple studies have theorized that GLN supplementation
could lower the incidence of VAP, the existing evidence
is not definitive (16-21). For instance, one study found a
lower frequency of VAP in patients who received GLN
supplements, but this difference was not statistically
significant when compared to other nutritional treatments

(16).

While meta-analyses suggest a potential trend toward a
reduction in infectious complications, such as pneumonia,
with GLN supplementation in specific patient groups, the
results are not consistent (22-28). To definitively determine
its efficacy in preventing VAP, well-designed clinical trials
with adequate statistical power are necessary. Therefore,
this study was undertaken to assess how enteral GLN
supplementation affects VAP prevention in ICU patients.

Methods

This study was a controlled, randomized clinical trial
that took place from September 2019 to August 2020 in
the general ICU of a university hospital in Iran. The trial
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focused on mechanically ventilated patients admitted to
the ICU. The research protocol received approval from
the Ethics Committee of Isfahan University of Medical
Sciences (IR.MULRESEARCH.REC.1398.215). Before
participating, the legal guardians of the patients provided
written informed consent. The trial was officially registered
with the Iranian Registry of Clinical Trials (IRCT)
(IRCT20150221021159N5).

All adult ICU patients who met the inclusion criteria
were enrolled within 24 hours of receiving mechanical
ventilation, with a Clinical Pulmonary Infection Score
(CPIS) of < 6, and no clinical suspicion of pneumonia,
coronavirus disease 2019 (COVID-19) infection, or
hemodynamic instability (e.g., hypotension). Exclusion
criteria included patients with a diagnosis of acute
respiratory distress syndrome (ARDS), a recent history
of aspiration, cancer, kidney or liver failure, or a history
of ventilation during the past three months. Moreover,
participants were required to tolerate enteral administration
of tablets and were anticipated to remain in the ICU for a
minimum of seven days.

Participants were subsequently allocated to either the
intervention or control group through block randomization
with a block size of four. A computer-generated sequence
ensured a 1:1 allocation ratio, evenly distributing subjects
between the two groups.

We established a significance level (o) of 0.05 and a
statistical power of 80% (B = 0.8). The expected incidence
rates were 40% in the control group and 5% in the
intervention group (5). After adjusting for a 10% dropout
rate, we calculated a required sample size of 23 patients
per study group.

The intervention group was administered 40 g of enteral
GLN dissolved in water daily for a period of seven
days, with the regimen commencing within 24 hours of
intubation. In contrast, the control group did not receive
any GLN supplementation. Given that no placebo was
utilized, the study precluded the blinding of both the ICU
staff and the outcome assessors. Intensivists undertook
continuous monitoring of patients for the incidence of VAP
over a 14-day observation period. VAP was operationally
defined as pneumonia that developed in a patient who had
been intubated and mechanically ventilated for a minimum
of 48 hours prior to the onset of the condition.

The CPIS, with a value of > 6 in conjunction with a high
degree of clinical suspicion, serves as a diagnostic tool
for VAP. The CPIS is a scoring system that uses signs and
symptoms characteristic of pneumonia, such as fever and
the extent of oxygenation impairment (29).
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In the current research, we assessed the occurrence of
early-onset VAP (defined as developing within < 5 days
of intubation) and late-onset VAP (defined as developing
after > 5 days), which was the primary outcome (30).
We measured and daily re-evaluated the baseline fever
and complete blood count of patients and performed
chest X-rays and obtained quantitative cultures from
either tracheal aspiration or bronchoalveolar lavage
when clinically indicated. We also measured the levels
of erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) at baseline and again on day 14.

The Acute Physiology and Chronic Health Evaluation II
(APACHE 1I) score was determined on the initial day of
the study, and the Sequential Organ Failure Assessment
(SOFA) score was documented on a daily basis for the
entire duration of the follow-up. Additionally, demographic
information such as age and gender, the primary cause
for ICU admission, any underlying medical conditions,
antibiotics prescribed during the study, and a history of
smoking were also systematically recorded.

The normality of quantitative data was evaluated using
the Kolmogorov-Smirnov test. Based on the results of
the normality test, either an independent Student’s t-test
or a Mann-Whitney test was applied to compare the data
between the groups. Qualitative data differences were

541 patients were not cligible:
o COVID positive (n=369)
* Prediction of ICU stay less

analyzed with the Chi-square test. To examine the impact
of GLN supplementation on the development of VAP, a
binary logistic regression analysis was conducted. This
analysis controlled for potential confounding variables,
including the baseline CRP levels and the administration of
anti-methicillin-resistant Staphylococcus aureus (MRSA)
antibiotics. Additionally, a Kaplan-Meier survival analysis
along with a log-rank test was performed to compare the
number of pneumonia-free days between the groups over
the 14-day follow-up period. All statistical computations
were carried out using SPSS software, version 20 (SPSS
Inc., Chicago, IL, USA), and a P-value less than 0.05 was
considered statistically significant.

Results

We screened 613 medical records of mechanically
ventilated patients to assess their eligibility for inclusion
in the study. Ultimately, 51 patients met the criteria and
were enrolled. However, 16 of these patients were lost to
follow-up, resulting in a final sample size of 35 patients
for analysis (16 in the intervention group and 19 in the
control group). As a result, this clinical trial failed to meet
the original target sample size of 23 patients per group.
The primary reason for this attrition was the COVID-19
pandemic (Figure 1).

than days (n=65)
o CPIS score of > 6 or suspicious

613 patients assessed for eligibility

clinical pneumonia (n=55)

* Did not tolerate the enteral
administration of tablets (n=28)

o Kidney or liver failure (n=9)

o Did not consent for study

recruitment (n=9)

* Hemodynamic instability (n=7)
* Diagnosis of acute respiratory
distress syndrome (ARDS) (n=7)
* A recent history of aspiration
(n=7)

¢ Cancer (n=6)

S1 patients were entered to study

28 patients in control group

23 panents i mtervention group

9 patients were excluded:

o Infected by corona virus (n=3)
e Death (n=2)
 Transfer to the another hospital (1)

» Extubated i the first three days of the study (n=3)

7 patients were excluded:

o Extubated in the first three days of the study (2)
o Infected by corona virus (2)

® Death (2)

o transfer to the another hospital (1)

19 patients completed the study

16 patients completed the study

Figurel. Flow diagram of participant throughout the study
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The groups showed no statistically significant
differences in baseline demographic and clinical
data, with the exception of CRP and albumin levels,
which were significantly different between the groups
(P-value < 0.05). Regarding antibiotics administered
during the first two days of the study, no significant
differences were observed, except for anti-MRSA
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antibiotics, which were prescribed more frequently
in the control group than in the intervention group
(P-value = 0.013). It is worth noting that these
antibiotics administered for post-surgical
prophylaxis. Furthermore, the total CPIS score and
related parameters were not significantly different
between the groups at the study’s initiation (Table 1).

were

Table 1. Demographic and clinical parameters of patients upon enrollment in the study

Control group Intervention group

Variables P-value
(n=19) (n=16)

Age (years), mean = SD 43.5+163 49.8 +14.9 0.24%
Gender (men), n (%) 14 (73.7) 12 (75.0) 0.927
APACHE II (on admission), mean £+ SD 263+3.5 24.7+49 0.24%
SOFA (mean during ICU stay), mean £ SD 7.53+1.611 12.19 +£20.269 0.32¢
ESR (mm/hr), median (IQR) 8(6-21.5) 15(9.5-31.75) 0.33"
CRP (mg/L), median (IQR) 1(1-4) 24.5 (9.25 - 67.25) 0.009"
Albumin (g/dl), median (IQR) 42(3.6-43) 3(2.5-3.5) 0.002"
History of smoking, n (%) 6 (31.6) 7 (43.8) 0.457
Having chest tube, n (%) 0.0 (0.0) 1(6/3) 0.26"
CPIS score, mean + SD 4.60 +1.142 4.44 +1.294 0.880%
Comorbidities', n (%)
Diabetes 3(15.8) 1(5.6) 0.337
Hypertension 4(21.1) 3(18.8) 0.867
Respiratory diseases 163) 2(123) 0.44!
Cardiac diseases 2(103) 4(25/0) 0.25'
Reason of admission®, n (%)
Surgery 4211 7(43.8)

0.332%
Trauma 11(57.9) 5(31.3)
Medical (internal medicine) 4(21.1) 4(25.0)
Antibiotics’, n (%)
Anti-MRSA 15(78.9) 6(37.5) 0.013%
Cephalosporin 16 (84.2) 12 (75.0) 0.507
Carbapenem 2 (10.5) 1(6.3) 0.651
Fluoroquinolon 1G53 2(12:3) 045
Aminoglycoside ) 1(6.3) 0.27°
Chest X-ray infiltrate, n (%)
No infiltrate 1.4 6375)
Diffuse infiltrate ZE42:1) 9(56.3) 0.691"
Localized infiltrate 2(10.5) 1(6.3)
Temperature (°C), n (%)
36.5-38.4
185380 11(57.9) 12(75.0) 0.419"

4(21.1) 3(18.8)
<36.0 or >39.0 4(21.1) 1(6.3)
September 2025;13(3) jpc.tums.ac.ir 191
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Table 1. Continued

Pulmonary secretion, n (%)

Absent 421.1)
Non-purulent 9(47.4)
purulent 6(31.6)
Oxygenation: Po2/FiO2 (mmHg), n (%)

>240 or ARDS 4(21.1)
<240 and no ARDS 15(78.9)
Blood leukocytes (cells/L), n (%)

4000-11000 9(47.4)
<4000 OR >11000 10(52.6)

0(0.0)

0.146
9(56.3)

7(43.8)

5(31.3) 0.4927
11(68.8)

9(56.3) 0.600"
7(43.8)

fP-values are based on an Independent T-Test; { P-values are based on a Chi-square test or Exact-Fisher Test; * P-values are based on Mann-Whitney Test; § Antibiotic administration

during the first two days of study for any reason except pneumonia. APACHE: Acute Physiology and Chronic Health Evaluation, CPIS: Clinical Pulmonary Infection Score, CRP:

C-Reactive Protein, ESR: Erythrocyte Sedimentation Rate, IQR: Interquartile Range, SD:Standard Deviation, SOFA: Sequential Organ Function Assessment

The findings of this study are outlined in Table 2. Our
analysis demonstrated that the overall incidence of VAP
was 56.77 episodes per 1000 mechanical ventilation days
in the control group, compared to 50.00 episodes per 1000
mechanical ventilation days in the intervention group
(odds ratio [OR]: 0.462; 95% confidence interval [CI]:
0.116-1.829; P-value = 0.271). The incidence of early
VAP was found to be 26.20 episodes per 1000 mechanical
ventilation days in the control group and 25.00 episodes
per 1000 mechanical ventilation days in the intervention
group (OR: 0.722; 95% CI: 0.163-3.200; P-value = 0.668).
Furthermore, the incidence of late VAP was 30.57 episodes

per 1000 mechanical ventilation days in the control group,
while the intervention group showed an incidence of 25.00
episodes per 1000 mechanical ventilation days (OR: 0.429;
95% CI: 0.085-2.17; P-value = 0.306).

A significantly higher number of pneumonia-free days
was observed in the intervention group compared to
the control group (log-rank test: P = 0.05). However, no
statistically significant differences were found between
the two groups for other outcomes, including mortality
rate (P- value = 0.66), and the duration of ICU stay (P =
0.19), hospital stay (P =0.25), and mechanical ventilation
(P- value = 0.26).

Table 2. Primary and secondary outcomes of the study between study groups

Outcomes Control group (n=19) Intervention group (n=16) P-value
Overall VAP incidence, n (%) 13(68.4) 8(50.0) 0.271%
Early VAP incidence, n (%) 6(31.6) 4(25.0) 0.6687
Late VAP incidence, n (%) 7(53.8) 4(33.3) 0.306
Number of pneumonia free days 9.26 £4.99 13.25+2.32 0.006*
Duration of ICU stay (days), mean £+ SD 29.11 £17.40 22.00+ 12.62 0.19%
Duration of hospitalization (days), mean + SD 34.82+18.34 2792 +11.87 0.25%
Duration of ventilation (days), median (IQR) 10.5 (6.0-21.5) 18 (12-30) 0.26
Mortality rate, n (%) 4(23.5) 2(14.3) 0.664"

{P-values are based on Independent t-Test;  P-values are based on Chi-square test or Exact-Fisher Test; * P-values are based on Mann-Whitney Test. IQR: Interquartile Range,

SD: Standard Deviation, VAP: Ventilation-Associated Pneumonia

In a comparative analysis of bacterial culture samples,
no significant difference was found between the control
and intervention groups (Table 3). Causative pathogens
were successfully isolated from the tracheal specimens
of 13 patients in the control group and 8 patients in the
intervention group. Acinetobacter baumannii was the most
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prevalent microorganism, identified in 7 patients (53.8%) in
the control group and 3 patients (37.5%) in the intervention
group. Concurrent growth of two pathogens was observed
in 38.4% of patients in the control group and 25.00% of
those in the intervention group. Additionally, multidrug-
resistant pathogens were prevalent in 50% of the patients.
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Table 3. The causative microorganisms of VAP isolated in both groups

Microorganisms n (%) Control group (n=19) Intervention group (n=16) P-value’
Acinetobacter baumannii 7(53.8) 3(37.5) 0.46
Klebsiella pneumoniae 4(30.8) 2(25.0) 0.77
Enterobacter aerogenes 0(0.0) 2(25.0) 0.06
Staphylococcus aureus 2(15.4) 0(0.0) 0.24
Acinetobacter 2(15.4) 0(0.0) 0.24
Pseudomonas aeruginosa 1(7.7) 0(0.0) 0.24
Fungi 1(7.7) 2(25.0) 0.27
Simultaneous growth of two pathogens 5(38.4) 2(25.0) 0.63
Prevalence of MDR bacteria 6(50.0) 3(50.0) 1.00

+ P-values are based on Chi-square test or Exact-Fisher Test. MDR: Multidrug-Resistant

Discussion

Despite the implementation of various preventive
strategies, the prevalence of VAP remains a significant
concern. This has led to the investigation of novel
prophylactic approaches, including the use of antibiotics
and probiotics. Nevertheless, the widespread adoption
of these methods for VAP prevention has been restricted
due to concerns about antibiotic resistance and a lack of
conclusive evidence regarding their efficacy (31-35).

The biological properties of GLN, including its crucial
role in bolstering immune function and preserving the
integrity of the intestinal barrier, provide a strong basis
for exploring GLN supplementation. These functions are
particularly important for preventing infections, such as
VAP, in critically ill individuals (36).

In this randomized trial involving mechanically ventilated
ICU patients with an initial CPIS of < 6, administration of
GLN supplementation (40 g within 48 hours, with a total
duration of seven days) did not lead to a significant reduction
in the incidence of VAP. However, it is noteworthy that
the number of pneumonia-free days was slightly greater
in the intervention group (log-rank P-value = 0.05). No
statistically significant differences were observed between
the two groups in secondary outcomes, such as mortality
rate and the duration of mechanical ventilation or ICU stay.

Several large clinical trials offer critical insights into the
role of GLN supplementation in preventing VAP, which
provides important context for our own findings (19-21).
Our results are consistent with those of larger studies,
including the oxygen-reduction (REDOX) trial (19), the
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special interest group network (SIGNET) trial (20), and the
multicenter surgical ICU (SICU) trial (21). These studies
also found that GLN did not reduce infections in critically
ill or SICU patients who were receiving parenteral
nutrition. However, our findings are in contrast with the
REDOXS trial, where high doses of both intravenous and
enteral GLN in patients with multi-organ failure did not
provide an infection benefit and actually led to an increase
in mortality. The REDOX and SIGNET trials employed
fixed-dosing strategies, whereas the SICU trial, which used
a weight-based approach, also failed to show a significant
decrease in the incidence of VAP.

The present trial was a small, single-center, unblinded
study on fixed-dose enteral GLN supplementation, with
a final analysis that included 35 patients. As a result, the
trial was markedly underpowered to detect differences in
the incidence of VAP or mortality. In contrast, the larger,
aforementioned multicenter trials enrolled substantially
larger and more diverse patient populations, employed
rigorous double-blind, placebo-controlled designs, used
standardized dosing protocols, and had adjudicated
endpoints. The strong research methods used in these
studies were crucial for identifying not only the lack of
a positive effect but also a possible indicator of harm in
particular groups of critically ill patients with multi-organ
failure, as seen in the REDOXS trial. The discrepancies
observed between our results and those from larger
randomized controlled trials can be attributed to differences
in patient demographics (e.g., medical versus surgical
patients), timing and method of GLN administration (e.g.,
early intravenous and enteral versus enteral only), dosage
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(fixed versus weight-based), blinding techniques, and the
definitions of outcomes (19-21).

A study by Aydogmus et al. (2012) in Turkey also
investigated parenteral GLN supplementation. This
research involved 60 patients, who were divided into three
groups: Those receiving enteral nutrition, those receiving
total parenteral nutrition (TPN), and an intervention
group receiving 40 g of parenteral GLN daily for seven
days. Consistent with our findings, the results showed no
significant link between GLN supplementation and the
prevention of VAP. Similar to our study, this research did
not measure blood GLN levels (16).

While, according to our study, the intervention group
exhibited a greater number of pneumonia-free days
(P-value = 0.05), this outcome indicates a potential benefit
of GLN supplementation. This finding supports existing
literature, which acknowledges the complexities and
challenges of VAP prevention and suggests that while GLN
may positively affect patient outcomes, its role remains
inconclusive.

In a study, GLN supplementation was shown to reduce
late-onset VAP more than early-onset VAP, although this
difference wasn’t statistically significant. The incidence of
early-onset VAP decreased slightly from 26.2 to 25.0 cases
per 1000 ventilator days in the control and intervention
groups, respectively. In contrast, late-onset VAP showed a
more notable reduction from 30.57 to 25.0 episodes per
1000 ventilator days. It is suggested that the time needed
for GLN to boost the immune system and prevent VAP
may be why it is more effective against late-onset VAP.

The small sample size and incomplete follow-up in this study
compromised its statistical power and the generalizability
of the findings. These limitations primarily stemmed
from logistical difficulties arising from the coronavirus
pandemic. Additionally, our results were constrained by
confounding variables, including the uneven allocation of
anti-MRSA antibiotics between the study groups. To draw
more conclusive inferences, these limitations highlight
the need for further investigation. Finally, given that GLN
supplementation may be unnecessary for patients with
sufficient baseline GLN levels, we recommend measuring
blood GLN levels prior to implementing any intervention.

Conclusion

While GLN may offer some clinical benefits, its
effectiveness in preventing VAP has not been proven. The
existing evidence does not support its routine use for this
specific purpose (28, 37). However, the observed increase
in pneumonia-free days hints at a potential early protective
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effect, which warrants further research. To clarify the role
of GLN in VAP prevention, larger and sufficiently powered
studies are needed, particularly in mechanically ventilated
patients with early or moderate illness.
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