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ABSTRACT

Background & objective: Chronic kidney disease (CKD) patients in the ICU have elevated ventilator-associated
pneumonia (VAP) risk. Chlorhexidine (CHX) oral care is standard, but efficacy may be enhanced by adding sodium
bicarbonate (NaHCOs) to alkalinize the oral environment and inhibit pathogenic colonization. We conducted this
study to determine whether combining 2% CHX with 1% NaHCO; reduces VAP incidence versus CHX alone in
mechanically ventilated CKD patients.

Methodology: In this prospective, randomized, double-blind, placebo-controlled trial, 100 CKD patients (18—65 yrs)
ventilated > 48 h were randomized to 2% CHX + 1% NaHCOs (n = 50) or 2% CHX + saline placebo (n = 50) twice daily
for 5days. Primary outcome: VAP incidence (CPIS=6 + clinical/radiological criteria). Secondary: oral pH,
oropharyngeal colonization, microbiology, ventilation/ICU/hospital stay, mortality. Data analyzed with appropriate
parametric/non-parametric tests; P < 0.05 significant.

Results: Baseline characteristics were comparable. VAP incidence was halved with combination care (16.0% vs
32.0%; P = 0.048), with delayed onset (median 4.5 vs 3.0 days, P = 0.032) and higher Day-5 VAP-free survival (84% vs
68%). Oral pH rose significantly from Day 3 in the intervention arm (Day 5: 7.54 vs 7.29; P = 0.001). Heavy oral
colonization was lower, but non-significant. MDRO rates (37.5% vs 56.3%) and carbapenem resistance were reduced.
Ventilation duration (6.2 £ 2.1 vs 7.8 £ 2.5 days, P = 0.004) and ICU stay (8.9 + 3.0 vs 10.5 + 3.4 days, P = 0.011) were
shorter. However, the mortality differences were non-significant.

Conclusions: In high-risk CKD ICU patients, adding 1% NaHCOs; to standard 2% CHX oral care halved VAP incidence,
delayed onset, improved oral pH, reduced resistance rates, and shortened ventilation/ICU stays. This simple,
low-cost measure warrants incorporation into VAP prevention bundles.

Keywords: Ventilator-associated pneumonia, chronic kidney disease, chlorhexidine, sodium bicarbonate, oral pH,
multidrug-resistant organisms, intensive care.
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1. INTRODUCTION

Ventilator-associated pneumonia (VAP) remains one of
the most significant and challenging complications in the
care of critically ill patients within intensive care units
(ICUs), contributing to elevated morbidity, mortality,
prolonged hospital stays, and increased healthcare costs.
The risk of VAP is particularly heightened among patients
with chronic kidney disease (CKD).1?2 CKD not only
impairs the immune system through mechanisms such as
uremia-induced dysregulation of neutrophil and
lymphocyte function, but also frequently co-occurs with
comorbidities like diabetes and hypertension, further
compounding infection susceptibility. Epidemiological
studies indicate that patients with CKD have up to a 1.97-
fold higher risk of pneumonia, with haemodialysis
patients experiencing fifteen-fold higher pneumonia-
related mortality compared to the general population.3#

Mechanical ventilation, a cornerstone of modern ICU
management for acute respiratory failure, is a well-
recognized risk factor for VAP. The process of
endotracheal intubation disrupts the natural defences of
the upper airway, facilitates pooling and leakage of
contaminated secretions around the cuff, and promotes
the ascent of oral and dental pathogens into the lower
respiratory tract. Within days of ICU admission, the oral
cavity of critically ill patients often shifts from being
colonized by commensal flora to harbouring potentially
virulent Gram-negative bacilli and Staphylococcus
aureus. These changes, compounded by frequent dental
plague accumulation due to critical illness and reduced
oral care, create an environment highly conducive to the
development of VAP.56

Effective strategies for VAP prevention are essential.
Among these, meticulous oral hygiene and use of
antiseptic agents, such as chlorhexidine, have been widely
adopted.  Chlorhexidine possesses broad-spectrum
antibacterial properties and is recommended by major
guidelines for oral decontamination in ventilated
patients.” However, limitations persist regarding its
efficacy, particularly in high-risk populations such as
those with CKD, and concerns remain regarding its
impact on oral microbiome diversity and possible
promotion of resistant organisms.8?

Recently, interest has grown in enhancing the
effectiveness of oral care protocols through adjunctive
measures. Sodium bicarbonate, a longstanding oral care
agent owing to its ability to alkalinize the oral cavity and
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dissolve mucus, has been shown to modulate oral pH,
disrupt pathogenic biofilms, and potentially inhibit the
growth of acidophilic and Gram-negative respiratory
pathogens. The integration of sodium bicarbonate with
standard chlorhexidine oral care holds promise for
synergistic, multimodal prevention of VAP, yet robust
clinical evidence for this strategy, particularly in CKD
populations, has been lacking.1%%

Given these gaps, the present study was undertaken as a
prospective, randomized, double-blind, placebo-
controlled trial to rigorously evaluate the additional
benefit of combining 2% chlorhexidine mouthwash
followed by 1% sodium bicarbonate oral rinse, compared
to 2% chlorhexidine alone, in preventing VAP among
mechanically ventilated CKD patients. Beyond the
primary outcome of VAP incidence, this investigation
explored alterations in oral pH, oropharyngeal
colonization patterns, microbiological pathogen profiles,
and linked these with clinically meaningful endpoints
including mechanical ventilation duration, ICU and
hospital stay, and ICU mortality. Through this
comprehensive, mechanism-driven approach, the study
aims to address a critical gap in ICU infection prevention
for a highly vulnerable patient group and provide
evidence to inform best practice protocols

2. METHODOLOGY

This was a prospective, randomized, double-blind,
placebo-controlled clinical trial conducted over an
18-month period from December 2022 to May 2024 in the
Intensive Care Unit (ICU) of the Department of
Anaesthesiology, Institute of Medical Sciences, Banaras
Hindu University, Varanasi, India. The study was
designed in accordance with the principles of the
Declaration of Helsinki and adhered to CONSORT
guidelines for randomized controlled trials. Ethical
approval was obtained from the Institutional Ethics
Committee (Reg. No: ECR/526/inst/UP/2014/RR-20;
dated 19.05.2020), and the trial was registered prior to
enrolment. Written informed consent was obtained from
the legal relatives of all participants before inclusion.

Adult patients aged 18-65 yearswith a confirmed
diagnosis of chronic kidney disease (CKD) who were
admitted to the ICU for non-infective causes and
required mechanical ventilation for more than 48
hours were  considered  for  inclusion.  Only

Open access attribution (CC BY-NC 4.0)


https://www.apicareonline.com/index.php/APIC

Sankaralingam S, et al

patients intubated after ICU admission and without
evidence of lower respiratory tract infection at baseline
were eligible.

Patients were excluded if they met any of the following
criteria:

1. Underlying immunocompromised states (e.g.,
neutropenia, chemotherapy, immunosuppressive
therapy).

2. Documented contraindication or known
hypersensitivity to chlorhexidine or sodium

bicarbonate.
3. Refusal of consent

4. History of aspiration before intubation.

2.1. Sample Size Calculation

Sample size was determined using the formula:
n=(Za/2 +ZB)* x 262/ d? Using a=0.05 (Za/2=1.96),
B=0.20 (ZB=0.84), and assuming a minimum detectable
difference of 20% between groups in VAP incidence and
published variance estimates, at least 100 patients were
required (50 per group) for 80% power. Allowing for up
to 10% dropouts, a total target enrolment of 110 was
planned; 100 completed the study.

Eligible patients were randomized in a 1:1 ratio into two
groups (Group A and Group B) using a computer-
generated random number sequence. Allocation
concealment was ensured by using sequentially
numbered, opaque sealed envelopes prepared by an
independent statistician not involved in patient care or
data analysis. Group allocation was blinded to both the
ICU care team performing the intervention and the
investigators assessing outcomes. The oral rinse
containers (1% sodium bicarbonate or 0.9% saline
placebo) were identical in appearance, packaging, and
labelling, prepared by the hospital pharmacy to maintain
blinding.

2.2. Interventions

Oral care was initiated on the first day of mechanical
ventilation and continued until Day 5 or until extubation,
whichever occurred earlier.

1. Group A (Intervention): Oral hygiene twice daily
using 2% chlorhexidine mouthwash, followed
immediately by painting the oral cavity with 1%
sodium bicarbonate solution.

2. Group B (Control): Oral hygiene twice daily using
2% chlorhexidine mouthwash, followed immediately
by painting the oral cavity with 0.9% normal saline
as a placebo.
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In both groups, the procedures were performed by trained
ICU nursing staff independent of the study team, ensuring
uniformity in technique. The oral cavity was gently
suctioned prior to rinse application, and mucosal surfaces,
gingivodental junctions, tongue dorsum, and buccal
mucosa were thoroughly painted with the assigned
solution using sterile swabs.

2.3. Data Collection and Measurements
2.3.1. Baseline Data

Demographic data (age, sex), CKD staging, relevant
comorbidities (diabetes, hypertension, chronic pulmonary
or cardiovascular disease), body mass index (BMI),
APACHEII score, reason for ICU admission, type of
ventilation (elective or emergency), and time from ICU
admission to intubation were recorded at enrolment.

2.3.2. Clinical Pulmonary Infection Score (CPIS)

All patients were monitored daily for five consecutive
days using the CPIS scoring system, which includes five
parameters: body temperature, total leucocyte count,
nature of tracheal secretions, PaO-/FiO- ratio, and chest
radiograph findings. Each parameter was scored 0-2, with
a maximum daily score of 10. The CPIS was calculated
independently by two blinded assessors.

2.3.3. Oral pH Measurement

Oropharyngeal swab samples were collected on Day 1
(baseline), Day 3, and Day 5. The pH was measured using
a calibrated digital pH meter immediately after sample
collection to avoid changes related to temperature or
storage.

2.3.4. Quantitative Oral Bacterial Load

Swabs were processed for quantitative cultures, and a
bacterial load >10°CFU/mL was defined as heavy
colonization. Oropharyngeal swabs were collected on
Day 1, Day 3, and Day 5 for this analysis.

2.3.5. Endotracheal Culture and Sensitivity

Endotracheal aspirates were collected on Day 1 and Day 5
for microbiological analysis to detect potential lower
respiratory tract pathogens. Isolates were identified to
species level, and antimicrobial susceptibility testing was
performed according to CLSI guidelines. Multidrug-
resistant organisms (MDROs) were defined as resistant to
three or more antimicrobial classes.

2.4. Primary and Secondary Outcomes

1. Primary Outcome: Incidence of VAP within the
study period, defined as CPIS > 6 in association with
clinical and radiological criteria after >48h of
ventilation.
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2. Key Secondary Outcomes: Changes in oral pH,
prevalence of heavy oropharyngeal colonization,
pathogen profile in endotracheal aspirates, duration
of mechanical ventilation, ICU length of stay,
hospital length of stay, ventilator-free days at 28
days, ICU mortality, and incidence of MDROs.

Assessed for Eligibility

Randomized

Excluded

Excluded (n = 24)

» Not meeting crtenia (n = 14)

+ Contraindicated (n = 4)

Allocatad (1:1) Allocated (1:1)
Allocated to Intervention Allocated to Control
(CHX + NaHCO,) (CHX Alane)

n=50 n=5

l

Follow-Up (CHX Alone)
Recaived intervention (n = 50)
Lost to follow.up: 0

Included In Analysis
n=50

Figure 1: Depicts participant progression through
the trial, from eligibility assessment (n = 124) to
randomization (n = 100) into two groups, follow-up,
and inclusion in final analysis. Exclusions (n = 24)
are detailed with reasons.

2.5. Statistical Analysis

All analyses were performed using IBM SPSS Statistics
v25. Data distribution was assessed with the Shapiro—
Wilk and Kolmogorov—Smirnov tests. Continuous
variables were expressed as mean=+ SD and compared
using the Independent-samples t-test when normally
distributed, or the Mann-Whitney U  test for
nonparametric data. Categorical variables were expressed
as frequencies and percentages and compared using
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the Chi-square test or Fisher’s exact test as appropriate.
For repeated measures (e.g., oral pH over time), repeated-
measures ANOVA or appropriate non-parametric
equivalents were applied. Kaplan—Meier survival analysis
with log-rank testing was used for time-to-VAP onset
comparisons, and multivariate logistic regression
identified independent predictors of VAP. A p-value
<0.05 was considered statistically significant.

3. RESULTS

3.1. Baseline Characteristics

Ensuring comparable baseline characteristics between
study groups is critical for validating clinical trial
outcomes. In the present randomized controlled trial
comparing oral care regimens—Chlorhexidine alone vs.
Chlorhexidine plus Sodium Bicarbonate—patients were
carefully randomized to ensure similarity in
demographics, CKD stage, comorbidities, and critical
care variables. The following table summarizes the
baseline demographic and clinical attributes of both
groups, confirming statistical comparability. Table 1 and
Figure 2 summarize these data below, with group-wise
values and p-values calculated using the t-test or Chi-
square/Fisher’s exact test, as appropriate.

Figure 2 illustrates the baseline demographic and clinical
characteristics of study participants in the two randomized
arms: CHX + Sodium Bicarbonate (n = 50) versus CHX
Alone (n = 50). Panel A displays grouped bar charts for
categorical variables (sex, CKD stage, hypertension,
diabetes, ICU admission reason, ventilation type), while
Panel B contains boxplots for continuous variables (age,
BMI, APACHE II score, and time from ICU admission to
intubation).

There were no statistically significant
differences between the two randomized groups in age,
sex, CKD stage distribution, comorbidities, BMI, severity
scores, ICU admission reasons, ventilation type, or time
to intubation (all P >0.05). This excellent balance at
baseline strengthens the validity of outcome comparisons;
differences observed later (CPIS, oral pH, VAP
incidence) can confidently be attributed to the assigned
interventions rather than pre-existing disparities.

3.1.2. Oral pH and Oropharyngeal Colonization
Patterns: Results

Monitoring oral pH and oropharyngeal colonization over
time provides insight into whether oral care interventions
can modify the local environment in ways that discourage
pathogenic bacterial growth. Table2 summarises the
change inoral pH (mean+SD) and the proportion of
patients  with heavy  oropharyngeal  colonization
(>10° CFU) at baseline (Day 1), Day 3, and Day 5, for
both the Intervention group (2 % Chlorhexidine + 1 %
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A deeper understanding of
the pathogens involved in
VAP—and their drug

The percentage of patients with heavy colonization
(> 10° CFU) was consistently lower in the intervention
group across all time points, but differences were not
statistically significant (p>0.05). Pathogen distribution
was similar at baseline in both groups, dominated
by Pseudomonas aeruginosa, Klebsiella pneumonia, and
MRSA. Sodium bicarbonate’s alkalinising effect appears
robust and sustained, altering the oral biochemical

environment
However, short-term

in a statistically significant
impact

manner.

overall  heavy

on

colonization prevalence was modest, highlighting that
biochemical shifts precede—or may facilitate—Ilater

microbiological changes.

3.1.3. Incidence and Timing of VAP

Prevention of ventilator-associated pneumonia (VAP)
was the primary clinical endpoint. The incidence, timing,
and onset pattern of VAP in the intervention group
(CHX + NaHCO:s) versus control group (CHX alone) are

summarised in Table 3.

The combination oral

care

Sodium  Bicarbonate)

and Control group (2 % Chlorhexidine + saline).
gimen (chlorhexidine + sodium bicarbonate) halved the
overall VAP incidence compared to chlorhexidine alone
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resistance patterns—
directly informs prevention and treatment strategies in the
ICU. Table 4 presents the detected causative organisms,
the frequency of multidrug-resistant organisms
(MDROs), and antibiotic sensitivity for VAP episodes in
both the intervention (Chlorhexidine + Sodium
Bicarbonate) and control (Chlorhexidine alone) groups.
Table 4 details these microbial findings, allowing
comparison between groups to assess whether the
intervention influences the bacterial spectrum or MDRO
burden.

The pathogen spectrum was dominated by Gram-negative
bacilli (75% in both arms), primarily Pseudomonas
aeruginosa and Klebsiella pneumoniae, followed
by Acinetobacter baumannii and occasional E. coli.
Gram-positive pathogens accounted for one-quarter of
isolates, mainly MRSA. The MDRO burden was lower in
the combination arm (37.5% vs 56.3%) with fewer
carbapenem-resistant  strains,  particularly  for P.
aeruginosa and K. pneumoniae.  Mean  antibiotic
susceptibility breadth per isolate was higher in the
intervention group (3.8 vs 2.8 classes), suggesting
reduced resistance pressure. Colistin and amikacin
retained >90% efficacy in both arms, with no colistin
resistance in the intervention group versus one isolate in
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Table 1: Baseline demographic and clinical characteristics

control. These data suggest that,

Variable CHX + Sodium | CHX Alone while organism distribution was
Bicarbonate (n =50) similar, enhanced oral
(n = 50) alkalinisation may  reduce
Age, (years) 56.2 +9.3 55.7 + 8.7 0.811 selection or acquisition of highly
Male 34 (68) 36 (72) 0.692 resistant _Gram-negative
pathogens, potentially improving
Female 16 (32) 14 (28) empiric therapy success.
CKD Stage: - Stage 3 6 (12) 7(14) 0.932 3.1.5. ICU Clinical Outcomes
— Stage 4 20 (40) 19 (38) .
s 24 (48 22 (48 Clinical outcomes related to
—Stage 5 4 (48) 4 (48) morbidity and mortality are
BMI, (kg/m2) 24.1+3.2 24.0+3.1 0.911 presented in Table 5.
APACHE Il score 18.7+4.7 19.1+45 0.671 While the study was powered for
— VAP incidence rather than for all
Comorbidities
: secondary  outcomes,  trends
— Hypertension 37 (74) 36 (72) 0.83 favoured the combination oral
— Diabetes mellitus 30 (60) 28 (56) 0.782 care arm, with shorter ventilator
— Chronic pulmonary disease| 13 (26) 12 (24) 0.812 days a_nd ICU stays, and a lower
- - mortality rate.
— Cardiovascular disease 11 (22) 13 (26) 0.722 The intervention arm
Reason ICU admission (chlorhexidine + sodium
- Medical 39 (78) 36 (72) 0.542 bicaLbODatf) showed tS_TOtfter
; mechanical ventilation
— Surgl(?al 11(22) 14 (28) duration (mean reduction =1.6
Ventilation type days, p=0.004) and shorter ICU
- Elective 15 (30) 14 (28) 0.842 stay (-1.6 days, p=0.011)
compared to chlorhexidine alone.
— Emergenc 35 (70 36 (72 .
gency (79) (72) These  benefits were more
Time to intubation, hrs 75+32 8.1+37 0.52* pronounced among survivors and
L Independent t-test for continuous variables; 2 Chi ! square/Fisher exact for categorical in patients who developed VAP.
variables.; Data presented as n (%) or mean + SD

Ventilator-free and ICU-free days
at day 28 were significantly higher in the
Mech Vent vs ICU LOS by VAP intervention group. Hospital stay and overall
ICU mortality were lower numerically but
not statistically significant. Mortality within
VAP cases was identical across arms,
suggesting the main benefit of the
intervention lies in preventing onset rather
than altering outcomes once VAP develops.

@ CHX+NaHCO3,VAP @ CHX+NaHCO3,No VAP @ CHX Alone, VAP @ CHX Alone, No VAP © Ref VAP @ Ref VAP

ICU Clinical Outcomes: Expanded
Results

ICU LOS

Timely, patient-centred outcomes
demonstrate the real-world benefit of
prevention strategies in  mechanically
ventilated CKD patients. Table 5 presents
detailed ICU outcomes—including
mechanical ventilation days, 1CU/hospital
length of stay, mortality, and subgroup
My analysis for patients with and without
VAP—across both arms. Data is compared
Figure 3: Scatter plot of mechanical ventilation duration vs ICU to major reference studies for external
length of stay, by group and VAP status, with literature reference validity. The relationship between VAP
points.

www.apicareonline.com 1189 Open access attribution (CC BY-NC 4.0)


https://www.apicareonline.com/index.php/APIC

Sankaralingam S, et al

incidence, ventilation duration,
and ICU stay is visualized in
Figure 3.

Patients in the combined
chlorhexidine + sodium
bicarbonate  arm experienced
significantly shorter mechanical
ventilation duration and ICU
stays versus chlorhexidine
alone, with the greatest benefit
observed among those
developing VAP. Ventilator-
and ICU-free days at day28

were also higher in the
intervention  group.  While
overall ICU mortality and

hospital stay were numerically
lower, differences were not
statistically significant. Notably,
the detailed subgroup
breakdown demonstrates that the
main clinical gains stem from
reduced VAP incidence and
severity—as  visualized in
Figure 3, where groups with

VAP rates in mechanically ventilated CKD patients

lower VAP incidence cluster at
shorter ventilation and ICU
stays. These findings underline
that oral alkalinisation, beyond

lowering VAP rates,
meaningfully improves recovery
trajectories for this high-risk
ICU population—results that are
consonant with large | Shown.
international VAP cohorts.

Table 2: Oral pH and oropharyngeal colonization patterns at baseline and
follow-up
CHX + NaHCO, CHX Alone
Point (n = 50) (n = 50)
Oral pH (mean * SD)
Day 1 (Baseline) | 7.054 +0.196 6.998 +0.100 0.193*
Day 3 7.284+0.180 7.104+£0.114 0.001*
Day 5 7.538+0.285 7.290+0.322 0.001*
Absolute change | 0.484 0.292 —
Day 1-5
Relative % 6.87% 4.17% —
change Day 1—-5
Patients with oral pH 27.4, n (%)
Day 1 5 (10) 3(6) 0.7152
Day 3 21 (42) 7 (14) 0.0022
Day 5 37 (74) 18 (36) < 0.0012
*Heavy oropharyngeal colonization (>10° CFU), n (%)**
Day 1 29 (48.3) 31 (51.7) 0.6852
Day 3 22 (44.9) 27 (55.1) 0.3202
Day 5 23 (46.9) 26 (53.1) 0.5502
Predominant P. aeruginosa (28%), | Similar profile; —
pathogens at K. pneumoniae (16%), | P. aeruginosa (30%),
baselinet MRSA (10%) K. pneumoniae (18%)
MRSA (12%)
1 Mann-Whitney U test for continuous variables (non-normal distribution).
2 Chi-square or Fisher’s exact test for categorical variables. Colonization defined as
quantitative oral bacterial load > 10° CFU/mL from oropharyngeal swab.; 1 Percentages of
pathogens are proportions within colonized samples at Day 1 (baseline); mixed growths not
Both groups started with near-neutral pH (~7.0).

4. DISCUSSION

This prospective, randomized controlled investigation
explored the impact of a dual-agent oral care strategy—
2% chlorhexidine followed by 1% sodium bicarbonate—
compared with chlorhexidine alone in mechanically
ventilated adults with chronic kidney disease (CKD)
admitted to the ICU. The trial was designed not only to
measure  ventilator-associated  pneumonia  (VAP)
incidence as the primary outcome, but also to assess
intermediary mechanisms, evaluate microbiological
patterns, and examine patient-focused outcomes such as
ventilation duration, ICU stay, and mortality.

A major strength of the study was the equipoise between
the two arms at baseline. Demographic profile, CKD
stage, comorbidity burden, illness severity (APACHE 11
score), ICU admission category, type of ventilation, and
time from admission to intubation were well matched.
This minimizes the likelihood that variability in patient
risk or underlying health status contributed to the
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differences seen, increasing confidence that outcome
disparities can be attributed to the intervention itself.?213
The oral pH data provide mechanistic insight into how the
intervention may have conferred benefit. Both groups
started with near-neutral oral pH, but the sodium
bicarbonate arm showed a steady and significant shift
toward alkalinity from the third day onwards. A higher
proportion of these patients achieved pH levels above 7.4.
This is consistent with established microbiological
principles, because an alkaline environment is less
hospitable to aciduric and many Gram-negative
organisms linked to VAP pathogenesis. However, the
reduction in heavy oropharyngeal bacterial colonization,
while numerically greater in the intervention group at
each time point, did not reach statistical significance. This
supports the view from prior studies that sodium
bicarbonate’s primary contribution lies in modifying the
oral milieu and biofilm conditions rather than exerting a
direct bactericidal effect.1415
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Table 3: Incidence and timing of ventilator-associated pneumonia (VAP)

(n =50) (n =50) Reduction Risk
Any VAP, n (% of group) 8 (16.0%) 16 (32.0%) | 16.0% 0.50 0.048t
Early-onset VAP (< 5 days), 5 (62.5%) 12 (75.0%) | — — 0.062*
n (% of all VAP)
Late-onset VAP (2 5 days), 3 (37.5%) 4 (25.0%) — — 0.7011
n (% of all VAP)
Mean time to VAP onset (days + SD) 4311 3.7+1.0 — — 0.0412
Median time to onset (Kaplan—Meier) 4.5 days 3.0 days — — 0.0323
Cumulative VAP-free survival at Day 5, | 84% 68% — — —
%
Hazard ratio for VAP (95% CI) 0.52 (0.26-0.98) | Reference | — — 0.0423

1Chi-square test for proportions.; 2Mann—Whitney U test for non-normally distributed continuous time data.
3Log-rank test from Kaplan—Meier survival analysis.

‘ Table 4:. Microbiological profile of ventilator-associated pneumonia (VAP) cases

Organism & Resistance Profile

CHX + NaHCOg

CHX Alone Notes
(n = 16 VAP)

(n =8 VAP)
Gram-negative bacilli
Pseudomonas aeruginosa 3(37.5) 6 (37.5) MDR: 33% vs 50%; CR: 1 vs 3 isolates
- Carbapenem-resistant 1 3 Susceptible: colistin, amikacin
- Piperacillin-tazobactam 2 4
resistant
Klebsiella pneumoniae 1(12.5) 4 (25.0) MDR: 100% both arms
- ESBL-producing 1 3
- Carbapenem-resistant 0 2
Acinetobacter baumannii 1(12.5) 2(12.5) MDR: 100% both arms; CR: all isolates
Escherichia coli 1(12.5) 1 (6.25) ESBL+: both isolates
Gram-positive cocci
MRSA (Staphylococcus aureus, | 1(12.5) 2 (12.5) Resistant to beta-lactams, sensitive to
methicillin-resistant) linezolid/vancomycin
MSSA 0 1(6.25) Fully susceptible
Enterococcus spp. 0 1(6.25) Vancomycin-susceptible
Polymicrobial / mixed growth 1(12.5) 1 (6.25) Mostly GNB combinations
Overall Gram-negative proportior] 6/8 (75.0) 12/16 (75.0)
Overall Gram-positive proportion| 2/8 (25.0) 4/16 (25.0)
Total MDRO isolates (n, % of 3(37.5) 9 (56.3)
VAP)
- Carbapenem-resistant GNB 1(12.5) 5(31.3)
Mean no. antibiotic classes 3.8 2.8
susceptible (per isolate)
Most reliable agents (290% Colistin, Amikacin, Colistin,
sensitivity) Tigecycline Amikacin
Colistin resistance 0 1 (6.25)

Abbreviations: MDR = multidrug-resistant (resistant to 23 antimicrobial classes); CR = carbapenem-resistant; ESBL = extended-
spectrum B-lactamase-producing; GNB = Gram-negative bacilli. Percentages are proportion of total VAP cases in each arm.
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’ Table 5: ICU Clinical Outcomes

Outcome CHX +NaHCO; | CHX Alone Absolute p-value
(==10)] (n =50) Difference

Duration of mechanical ventilation (days)| 6.2 +2.1 7.8+25 -1.6 days 0.0041
— In patients with VAP 84+19 9.6+2.2 -1.2 days 0.048t
— In patients without VAP 58+1.8 6.3+2.0 -0.5 days 0.214¢
ICU length of stay (days, 8.9+3.0 10.5+3.4 -1.6 days 0.0111
— Survivors only 9.0+2.8 10.8+3.0 -1.8 days 0.008*
Hospital length of stay (days) 142+45 15.6+4.8 -1.4 days 0.118*
All-cause ICU mortality, 6 (12.0) 10 (20.0) -8.0 0.2732
— Mortality in VAP cases 3/8 (37.5) 6/16 (37.5) 0 1.0002?
— Mortality in non-VAP cases 3/42 (7.1) 4/34 (11.8) -4.7 0.6822
ICU-free days at day 28 19.1+4.8 17.2+5.1 +1.9 days 0.037¢
Ventilator-free days at day 28 21.3+3.9 19.5+4.2 +1.8 days 0.029t
Readmission to ICU during same hospita| 1 (2.0) 3(6.0) -4.0 0.6202
stay
1 Independent t-test or Mann—-Whitney U (as per normality); 2 Chi-square or Fisher’s exact for categorical comparisons; Notes:
VAP was diagnosed using CPIS 26 plus clinical/radiological criteria.; ICU-free and ventilator-free days are calculated as 28
minus LOS or ventilation days for survivors; 0 days assigned for non-survivors.; “Absolute Difference” = control minus
intervention group, for direction of benefit.

The most clinically important outcome was the halving of
overall VAP incidence in the combined-care arm, with an
absolute risk reduction of 16% and a relative risk of 0.50.
The benefit appeared most marked for early-onset VAP,
suggesting that altering the oral environment in the initial
days after intubation may interrupt critical steps in
pathogen ascent and aspiration. Survival analysis further
demonstrated a delayed onset of VAP in the intervention
arm, which is clinically valuable because even postponing
infection can shorten ventilator exposure and reduce
antibiotic requirements. These findings echo earlier trials
on chlorhexidine and lend credence to the hypothesis that
sodium bicarbonate’s alkalinizing action has an additive
protective role.*®

The microbial profile of confirmed VAP cases largely
mirrored global ICU surveillance: Gram-negative bacilli,
notably Pseudomonas aeruginosa and Klebsiella
pneumonia, predominated, with MRSA representing the
main Gram-positive pathogen. While the spectrum of
organisms was comparable across groups, the proportion
of multidrug-resistant isolates and carbapenem resistance
was lower in the sodium bicarbonate arm. Furthermore,
isolates from this group tended to be susceptible to a
wider range of antibiotics, which may reflect reduced
selection pressure in an environment less conducive to
high-burden colonization by resistant strains.*":*8

Improvements were also evident in patient-centred

measures. Those receiving combination oral care required
fewer days of mechanical ventilation and had shorter ICU
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stays, with the greatest gains seen among participants who
developed VAP. Ventilator-free and ICU-free days at 28
days were higher, underlining the functional and resource
benefits of effective infection prevention. Mortality was
numerically lower in the intervention arm, but the study
was not powered to detect a survival difference.1%2
Multivariate regression confirmed that the intervention
independently reduced the odds of developing VAP even
after controlling for illness severity, intubation duration,
and other covariates. The degree of alkalinisation
achieved was also an independent protective factor.
Conversely, higher APACHE Il scores and longer
ventilation were associated with increased risk, consistent
with global literature.?%22

Comparative Analysis Table: Present Study vs.
Key Chlorhexidine Trials (2005-2015)

This table directly compares the present RCT (CHX +
sodium bicarbonate in CKD ICU patients) with major
published studies (2005-2015) of chlorhexidine for
ventilator-associated pneumonia (VAP) prevention,
highlighting differences in study population,
interventions, outcomes, and innovation.

The findings have practical implications: adding sodium
bicarbonate to chlorhexidine oral care appears to be a
safe, inexpensive, and easily implemented strategy that
could be particularly relevant in high-risk populations
such as patients with CKD. The benefits are not confined
to surrogate markers—they extend to meaningful clinical
endpoints. 2324
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Table 6: Comparative analysis of present study with key chlorhexidine trials (2005-2015)
Study (Year)

Population (ICU,
Comorbidities)

CHX
Concentration
Regimen

VAP
Incidence
in Control
(%)

VAP
Reduction
(%)

Secondary
Improvements

Notable
Features /
Limitations

Koeman et al. Medical/Surgical | 2% CHX oral gel| ~10-12% | 65% None significant | Strong RCT; no
(2006) ICU; mixed risk vs placebo (RR0.35) mortality effect;
mixed ICU
population; not
CKD-specific
Fourrier et al. Medical ICU; high | 0.2% CHX gel v§ ~11% 53% None significant| Highlighted
(2000) dental plaque load| placebo (RR0.47) importance of
dental plaque
biofilm in VAP
pathogenesis
DeRiso et al. Cardiac surgery; | 0.12% CHX rins{ ~14% (shor| 69% Reduced Cardiac-only;
(1996)* short MV duration | vs placebo MV) systemic very short
antibiotic use ventilation;
limited
generalizability
Scannapieco et | Trauma ICU; high| 0.12% CHX vs | ~14-17% | ~20% (NS) | Not significant | No effectin
al. (2009) risk standard oral trauma.
care population;
suggests patient
type modulation
of efficacy
Multiple meta- Medical/Surgical, | 0.12-2% CHX; | ~11-17% | 15-50% No change in Best effects in
analyses(2005- | cardiac, trauma varied protocols pooled LOS, mortality | cardiac surgery
2015) ICUs; pooled ICUs;
heterogeneous
results
elsewhere
Present study ICU,CKD 2% CHX + 1% | 32.0% 50% | Mechanical First CKD-
(2024, India) only(high-risk NaHCO; vs 2% (RR0.50) | ventilation days, | specific RCT;
population) CHX | ICU stay, trend mechanistic oral
| MDRO rate PH data; effect
on resistance
trends
Abbreviations: CHX = chlorhexidine; NaHCO; = sodium bicarbonate; MV = mechanical ventilation; RCT = randomized controlled
trial; NS = not statistically significant; LOS = length of stay; MDRO = multidrug-resistant organism; RR = relative risk.
*DeRiso et al. (1996) included for historic context despite being pre-2005.

Nevertheless, certain limitations must be acknowledged.
This was a single-centre study with a modest sample size,
which may limit generalizability. Microbiological
analyses were based on semi-quantitative culture rather
than advanced molecular methods, so subtle shifts in
microbial community structure may have gone
undetected. While hospital length of stay and mortality
trends favoured the intervention arm, larger multicentre
studies would be required to confirm these effects.

4. CONCLUSION

The results support incorporating sodium bicarbonate into
standard chlorhexidine oral care protocols for ventilated
CKD patients, and possibly for other ICU populations
where early VAP prevention and resistance control are
priorities. Further multicentre research should examine
combination regimens, explore synergy with other oral
hygiene techniques, and assess the long-term impact on

antimicrobial resistance patterns. Mechanistic studies
employing molecular profiling could also clarify how oral
alkalinisation influences pathogen ecology and infection
risk.
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