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Abstract

Ventilator-associated pneumonia (VAP) is a common complication in intensive care units (ICUs) that leads to increased 
morbidity, mortality, and healthcare costs. Chlorhexidine (CHX), a broad-spectrum antiseptic, is widely used for oral 
care in intubated patients to prevent the development of VAP. This systematic review aimed to evaluate the efficacy 
of CHX in preventing VAP in adult patients in the ICU. A comprehensive search was conducted in PubMed for 
randomized controlled trials (RCTs) published between January 1, 2018, and October 30, 2024. Five RCTs met the 
inclusion criteria and were included in this review. The primary outcomes were overall mortality and VAP episodes, and 
the secondary outcomes were ICU stay duration and mechanical ventilation time. The results showed that CHX did not 
significantly reduce mortality rates, VAP incidence, ICU stay duration, or mechanical ventilation time compared to the 
control group. However, the risk of bias assessment revealed significant variability in the study quality, with concerns 
about selection, performance, and detection biases. Despite the lack of significant impact on the outcomes assessed, 
CHX may offer additional benefits in the ICU setting, such as reducing catheter-related bloodstream infections and 
improving oral health. The decision to use CHX should be based on a comprehensive assessment of its benefits and 
risks, considering patient characteristics and clinical settings. Further high-quality RCTs are needed to establish the 
effectiveness of CHX in preventing VAP and improving patient outcomes in the ICU setting.
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INTRODUCTION

Oropharyngeal bacterial colonization 
leads to tracheal colonization, often 
resulting in ventilator-associated 

pneumonia (VAP) in intensive care units (ICUs). 
VAP affects 9–27% of ICU patients, increasing 
mortality and morbidity.[1] VAP-related 
mortality rates range from 24% to 50%, reaching 
76% in severe cases. Main microorganisms 
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associated with death rates include Staphylococcus aureus, 
Pseudomonas aeruginosa, and Enterobacteriaceae, varying 
based on patient factors and hospital conditions.[2]

The factors predisposing patients to VAP include prior 
condition, health status, concurrent infections, and treatment-
related variables. Aspiration of secretions also contributes to 
VAP onset.[3] Four mechanisms facilitate the development 
of VAP: aspiration of oropharyngeal pathogens, inhalation 
of aerosolized bacteria, hematogenous spread, and bacterial 
translocation from the gastrointestinal tract. The primary route 
of pulmonary infection in VAP is aspiration of oropharyngeal 
secretions colonized by pathogens.

Various treatments have been developed for VAP prevention, 
with oral decontamination being the primary low-resource 
approach. Although oral pharyngeal cleaning with antibiotics 
is more effective than that with antiseptics, concerns about 
antibiotic resistance have limited its use. Consequently, 
chlorhexidine (CHX) has become prevalent in ICUs, and its 
effectiveness in reducing VAP has been examined in multiple 
studies.[4]

CHX is a biguanide consisting of two chlorguanide chains 
connected by a hexamethylene chain. It is diluted with 
gluconic or acetic acid to create water-soluble salts.[5] At 
bacteriostatic concentrations, CHX disrupts the bacterial 
cytoplasmic membrane, causing the efflux of cytoplasmic 
components.[6] At higher doses, it exerts a bactericidal effect 
by forming irreversible precipitates with intracellular ATP 
and nucleic acids.[7] CHX is effective against Gram-positive 
bacteria owing to its affinity for the cell walls of these 
organisms.[8] It also demonstrates efficacy against Gram-
negative bacteria, anaerobes, fungi, and some enveloped 
viruses, and its bactericidal properties improve with 
exposure.[9]

Using a 0.12% CHX solution as a mouth rinse for 30 s reduces 
aerobic and anaerobic bacterial counts owing to its absorption 
by oropharyngeal tissues and gradual release. CHX acts as a 
chemical biosecurity agent in preventing VAP by affecting 
the oral microbial flora and contributing to oral/digestive 
decontamination, offering a slight survival benefit.[10]

Frost et al. conducted a systematic review on CHX 
bathing’s effectiveness in reducing hospital-acquired 
infections among critically ill adult patients.[11] This review 
focused on bloodstream infections, central line-associated 
bloodstream infections, multidrug-resistant organisms, 
VAP, and catheter-associated urinary tract infections. An 
analysis of five randomized controlled trials (RCTs) (n = 
10,564) concluded that CHX bathing had no impact on 
reducing VAP in ICUs.

Villar et al. evaluated intraoral CHX for VAP prevention. 
After analyzing 13 RCTs (n = 1640), they concluded that oral 

care with CHX is effective in reducing VAP in adults when 
administered at a 2% concentration or four times daily.[12] 
Zhang et al. assessed the effectiveness of CHX in preventing 
VAP and determined its optimal dosage by examining 
outcomes such as efficacy, dose effectiveness, costs, adverse 
effects, and resistance.[13]

Carvajal et al. reviewed the efficacy of CHX in preventing 
VAP and found that it reduced the likelihood of VAP 
compared with the control group (odds ratio [OR] 0.56, 95% 
confidence interval [CI] 0.44–0.73).[14] However, reductions 
in mortality, duration of mechanical ventilation, and length of 
hospital stay were not observed.

The effectiveness of CHX in this application has been 
debated, and further research is necessary to reach a definitive 
conclusion. This review aimed to assess the effectiveness of 
CHX in the prevention of VAP in adult ICU patients.

METHODS

This review followed the guidelines for Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses.[15] A 
comprehensive search was conducted in PubMed for studies 
published from January 1, 2018, to October 30, 2024. The 
search used keywords and Medical Subject Headings terms 
such as “Ventilator-associated pneumonia,” “Intensive care 
units,” “Chlorhexidine,” and “Treatment” with Boolean 
operators.

A search was conducted in PubMed, with no date limit until 
November 25, 2024. Abstracts of RCTs that evaluated the 
efficacy of CHX in preventing VAP in the adult ICU were 
selected, where the primary intervention was oral CHX at 
0.12%, 0.2%, and 2% compared to other concentrations, 
placebo, or other solutions. There was no limit to the search 
in time and language. Case reports, editorials, narrative 
reviews, and meta-analyses were excluded.

Three authors (SD, SV, and KK) independently reviewed 
titles and abstract content against inclusion and exclusion 
criteria. Relevant studies were selected, and full texts were 
searched for further assessment. Discrepancies in selections 
were discussed together, and a consensus was reached. 
Selected articles were stored in EndNote X20 software.

Primary outcomes were overall mortality and VAP episodes, 
assessed by event frequency, whereas secondary outcomes 
were time in ICU and duration of mechanical ventilation 
(assessed as mean and standard deviation in days).

Two authors (JJB and JCA) independently extracted data 
using predefined forms. Disagreements were resolved 
by consensus, and a third author (EMR) was consulted if 
necessary. Data extracted were: first author, year, study 
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design, country(ies), number of participants, clinical 
characteristics (types of patients and treatment used), type of 
intervention, type of control, outcomes assessed, and results.

The risk of bias (RoB) for each study was evaluated using 
the Cochrane RoB Tool (RoB 2.0). Five domains were 
assessed: selection, performance, detection, attrition, and 
reporting biases. Two reviewers independently rated each 
study as having low, unclear, or high RoB. Disagreements 
were resolved through consensus. A graphical overview 
summarizes the RoB assessment.

This is a systematic review of published and open data 
that did not involve human subjects. Approval from an 
ethics committee was not required. This study is based on 
Council for International Organizations of Medical Sciences 
guidelines, such as justice based on fair distribution of the 
benefits and burdens of research, as well as scientific and 
ethical evaluation.

RESULTS

Through structured searches, the authors identified 139 
studies from PubMed. The initial screening process involved 
the application of predetermined eligibility criteria. After 
excluding 36 studies owing to unavailable full-text data, 
103 were screened. Of these, 81 studies were excluded. The 
remaining 22 studies underwent an eligibility assessment, 
resulting in 17 studies being excluded due to inadequate 
data and conclusions. Ultimately, five papers satisfied 
the inclusion criteria and were included in this systematic 
review.[16-20] Figure 1 illustrates the selection process, and 
Table 1 lists the five studies included.

This systematic review assessed the impact of different 
oral hygiene methods, focusing on CHX with and without 
toothbrushing, on preventing VAP in critically ill patients 
undergoing mechanical ventilation.

Meinberg et al. conducted a randomized placebo-controlled 
trial using 2% CHX gel with tooth brushing and observed no 
significant decrease in VAP incidence.[16] The VAP rate was 
higher in the intervention group (64.3%) than in the placebo 
group (45.8%), with a relative risk of 1.4 (95% CI: 0.83–
2.34; P = 0.29), leading to early termination. Özçaka et al. 
found a significant reduction in VAP incidence with 0.2% 
CHX oral swabbing (41.4%) compared to saline swabbing 
(68.8%) (P = 0.03; OR = 3.12, 95% CI: 1.09–8.91).[17]

De Lacerda Vidal et al. observed a non-significant trend toward 
reduced VAP incidence in the group using toothbrushing plus 
0.12% CHX gel (P = 0.084), but noted a significantly shorter 
duration of mechanical ventilation (P = 0.018).[18] Hanifi et al. 
compared 0.2% CHX with ozonated water and found a lower 
VAP incidence in the ozonated water group on day 4 of ICU 
stay (14.6% vs. 30.6%, P = 0.02).[19] Zand et al. demonstrated 
a significant reduction in VAP (P = 0.007) and oropharyngeal 
colonization (P = 0.007) with 2% CHX compared to 0.2% 
CHX, without increased adverse effects (P = 0.361).[20]

The RoB for the five RCTs was evaluated using the Cochrane 
RoB 2.0 tool, which examined selection, performance, 
detection, attrition, and reporting bias. Each area was 
classified as low, unclear, or high risk based on the agreement 
between the two independent reviewers. Meinberg et al. 
showed a high risk of selection and performance, with an 
unclear risk of detection, attrition, and reporting due to 
insufficient randomization reporting and the absence of 

Bibliographic search: PubMed

Relevant studies identified (n = 139)

Studies selected for detailed assessment (n = 103)

Appropriate studies for inclusion (n = 22)

Studies included in the systematic review (n = 5)

Excluded due to insufficient 
presentation of data and/or 

conclusions (n = 17)

Inclusion criteria were not 
met, hence they were 
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Figure 1: Preferred reporting items for systematic reviews and meta-analyses flowchart depicting the literature search and study 
selection process for the systematic review
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blinding.[16] Özçaka et al. had unclear risk in selection and 
performance bias but low risk in detection and reporting, 
with concerns about attrition bias due to incomplete data 
addressing.[17] De Lacerda Vidal et al. were generally low 
risk, except for unclear selection and reporting due to a lack of 
detail in randomization and outcome protocols.[18] Hanifi et al. 
showed a low risk of selection bias but an unclear risk in other 
areas, lacking a thorough description of outcome assessment 
and data completeness despite a double-blind design.[19] Zand 
et al. had a low risk across all areas, with well-documented 
randomization, blinding, and outcome assessment, and were 
considered the most methodologically sound.[20]

DISCUSSION

This systematic review evaluated the efficacy of CHX 
against VAP in adult critical care settings. The results showed 
that CHX did not significantly reduce mortality rates, VAP 
incidence, ICU stay duration, or mechanical ventilation time 
compared with the control group, impacting ICU clinical 
practices and decision-making.

VAP is a serious complication in mechanically ventilated 
patients and is associated with increased morbidity, mortality, 

and health care costs.[21] CHX, a broad-spectrum antiseptic, 
is used for oral care in intubated patients to prevent 
VAP.[22] However, this study’s data suggested that CHX did 
not significantly lower VAP occurrence, consistent with other 
studies.[23,24]

Many studies found no significant reduction in mortality 
rates with CHX use compared to the control group, consistent 
with previous studies.[25,26] Mortality is influenced by factors 
such as disease severity, comorbidities, and quality of care. 
The lack of an impact of CHX on mortality does not imply 
its ineffectiveness in preventing VAP or improving other ICU 
patient outcomes.

CHX did not significantly shorten the ICU stay or mechanical 
ventilation duration compared to the control group, 
which is consistent with other studies.[27,28] These results 
may be influenced by factors such as condition severity, 
comorbidities, and quality of care.

Despite these findings, CHX may offer additional ICU 
benefits, which were not evaluated in this study. Research 
has shown CHX is effective in decreasing catheter-related 
bloodstream infections and surgical site infections, common 
ICU complications.[29,30] Furthermore, CHX may improve 

Table 1: Characteristics of included RCTs evaluating CHX for the prevention of VAP
Study details Intervention Sample Size (n) VAP Incidence (%) Main findings
Meinberg et al. 
(2012)[16]

2% CHX gel+toothbrushing 
vs. placebo+toothbrushing

52 (28 CHX, 24 
placebo)

64.3% (CHX) vs. 45.8% 
(placebo), P=0.29

Study terminated early 
due to futility.

Özçaka et al. 
(2012)[17]

0.2% CHX swabbing vs. 
saline swabbing

61 (29 CHX, 32 
saline)

41.4% (CHX) vs. 68.8% 
(saline), P=0.03

OR=3.12 
(95% CI: 1.09–8.91)

de Lacerda 
Vidal et al. 
(2017)[18]

0.12% CHX 
gel+toothbrushing vs. 0.12% 
CHX solution alone

213 (105 
intervention, 108 
control)

Lower in the CHX group, 
P=0.084

Significant reduction in 
ventilation time (P=0.018)

Hanifi 
et al.(2017)[19]

Ozonated water vs. 0.2% 
CHX

75 (39 ozonated, 
35 CHX)

14.6% (ozonated) vs. 
30.6% (CHX), P=0.02

Effect observed from day 
4 onward

Zand et al. 
(2017)[20]

2% CHX vs. 0.2% CHX 114 (57/group) Significantly lower in 2% 
CHX, P=0.007

No difference in adverse 
effects (P=0.361)

CHX: Chlorhexidine, VAP: Ventilator‑associated pneumonia, OR: Odds ratio, CI: Confidence interval, RCTs: Randomized controlled trials, 
vs.: Versus

Figure 2: Risk of bias (RoB) assessment of included studies based on the Cochrane RoB 2.0 toolAQ3
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oral hygiene and patient comfort, which is essential for the 
well-being of ICU patients.[31]

Although CHX did not significantly reduce VAP, mortality 
rates, ICU stay duration, or mechanical ventilation time, it 
should not be eliminated from ICU practice. The decision to 
use CHX should be based on a comprehensive assessment of 
its benefits and risks, considering the patient characteristics 
and clinical settings. For patients at a higher risk of developing 
VAP or catheter-related bloodstream infections, the potential 
advantages of CHX may outweigh possible risks.

Bias risk analysis revealed significant variability in study 
quality. Zand et al. consistently showed a low risk, boosting 
confidence in their results.[20] Meinberg et al. and Hanifi et al. 
raised concerns about the study design and methodological 
reporting transparency.[16,19] High or uncertain risks of 
selection and performance bias were common, often due to 
inadequate reporting of randomization techniques and lack of 
allocation concealment, potentially causing systematic group 
differences and impacting internal validity. Several studies 
have shown unclear detection bias, highlighting the need for 
stringent blinding, especially when assessing outcomes such 
as VAP, which may be diagnosed subjectively. Attrition and 
reporting biases were inconsistently addressed, with some 
studies lacking complete data on patient follow-up or fully 
prespecified outcomes, possibly leading to selective reporting 
and underestimation of adverse events and secondary 
outcomes. The bias risk assessment underscores the 
importance of methodological rigor and transparent reporting 
in clinical trials evaluating oral care interventions in the ICU 
settings. Variability in study quality should be considered 
when interpreting the overall results and generalizability of 
this systematic review’s findings.

CONCLUSION

 ???.
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