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Abstract 

Introduction Oral chlorhexidine has been widely used for ventilator-associated pneumonia prevention in the criti-
cal care setting; however, previous studies and evidence synthesis have generated inconsistent findings. Our study 
aims to investigate if different concentrations of oral chlorhexidine may be effective in preventing such complication 
in intensive care unit patients.

Methods After pre-registration (Open Science Framework: 8CUKF), we conducted a network meta-analysis 
with the following PICOS: adult patients (age > 18 years old) undergoing invasive mechanical ventilation admit-
ted in ICU (P); any concentration of chlorhexidine used for oral hygiene (I); placebo, sham intervention, usual care, 
or no intervention (C); rate of VAP (primary outcome), mechanical ventilation length, ICU length of stay (LOS), hospital 
LOS, mortality (secondary outcomes) (O); randomized controlled trials (S). We used the following database: PubMed, 
the Cochrane Central Register of Controlled Trials (CENTRAL), Scopus, and EMBASE without any limitation in publica-
tion date or language.

Results Chlorhexidine did not demonstrate any significant advantage over the control group in preventing venti-
lator-associated pneumonia or reducing mortality, duration of mechanical ventilation, length of stay in the intensive 
care unit, or overall mortality.

Conclusions Chlorhexidine oral decontamination does not reduce the rate of ventilator-associated pneumonia 
in critically ill adult patients and its routine use could not be recommended.

Trial registration Registration number: Open Science Framework: 8CUKF.
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Introduction
Hospital-acquired infections contribute to prolonging 
hospital stays, increasing patients’ morbidity and mor-
tality, and inflating hospitalization costs [1, 2]. Patients 
admitted to intensive care units (ICUs) face an increased 
risk of acquiring such an infection that in some studies 
has been estimated to be around 30% [3].

Lower respiratory system is the most common site of 
infection in ICU patients [4].

Ventilator-associated pneumonia (VAP) is a distinct 
form of pneumonia occurring in patients undergo-
ing invasive mechanical ventilation. Micro-organisms 
access the respiratory system through entry points, 
such as the endotracheal tube, or via leakage of secre-
tions around the endotracheal cuff [5]. Numerous 
factors contribute to the development of VAP in criti-
cally ill patients, e.g., the aspiration of gastrointestinal 
microbes, compromised cough reflex, the inability to 
effectively clear secretions through the pharynx and 
mouth, and inadequate oral care [5].

The occurrence of VAP is associated with a mortal-
ity risk ranging from 1 to 10% [6]. One of the proposed 
strategies for VAP prophylaxis is the use of oral chlo-
rhexidine washes to prevent the growth and aspiration 
of bacteria. Being simple and low-cost, the vast major-
ity of ICUs have adopted daily oral care with chlorhex-
idine in their patients [7]. Despite the robust rationale, 
the assessment of oral antiseptics use as a preventive 
strategy for VAP has generated inconsistent findings in 
prior studies [8–10]. Moreover, a meta-analysis, over-
all including 16 randomized controlled trials and 3630 
patients, did not support the use of chlorhexidine for 
the prevention of VAP in non-cardiac surgery patients 
[11]. However, this work did not consider the effect 
of the different concentrations of oral chlorhexidine 
employed in the included studies.

The objective of this network meta-analysis is to 
assess whether different concentrations of oral chlo-
rhexidine may be effective in preventing VAP in ICU 
patients. Secondary outcomes were duration of invasive 
mechanical ventilation, ICU length of stay, and hospital 
length of stay and mortality.

Methods
The protocol for this network meta-analysis has been 
prospectively registered on Open Science Framework 
[12], and the Preferred Reporting Items for Systematic 
reviews and Meta-Analysis (PRISMA) statement guide-
lines was followed for the reporting of the present man-
uscript [13].

Eligibility criteria
Studies were considered to be eligible for inclusion 
using the following PICOS criteria: adult patients 
(age > 18  years old) undergoing invasive mechanical 
ventilation admitted in ICU (P); any concentration of 
chlorhexidine used for oral hygiene (I); placebo, sham 
intervention, usual care, or no intervention (C); rate 
of VAP (primary outcome), mechanical ventilation 
length, ICU length of stay (LOS), hospital LOS, mor-
tality (secondary outcomes) (O); randomized con-
trolled trials (S).

Search strategy
We performed a systematic search of the medical litera-
ture for the identification, screening, and inclusion of 
articles. We did not apply any restriction related to lan-
guage or year of publication. We queried the following 
database from inception to May 17, 2023: PubMed, The 
Cochrane Central Register of Controlled Trials (CEN-
TRAL), Scopus, and EMBASE.

Study selection
Three researchers (CL, AS, CP) independently screened 
titles and abstracts of the identified papers in order to 
select relevant manuscripts. Each citation was reviewed 
in full-text form if considered potentially relevant. All 
the references of the included literature were examined 
to retrieve further relevant studies. The search strategy 
for each database is available as supplementary mate-
rial. After identifying those studies meeting inclusion 
criteria, two authors (VB, AB) manually reviewed and 
assessed each of the included studies.

Quality assessment and certainty of evidence assessment
Risk of bias was assessed independently by two mem-
bers of the team not previously involved in the study 
selection phase (ADC, TP). The assessment was per-
formed using the Risk of Bias (RoB) 2 Tool, expressing 
the overall risk of bias on a three-grade scale (“low risk 
of bias,” “high risk of bias,” or “some concerns”) [14]. In 
case of disagreements after discussion among asses-
sors, a third researcher (PN) was consulted.

Statistical methods
Meta-analysis of data was performed using R version 
4.1 (R Foundation for Statistical Computing, Vienna, 
Austria) and the package “netmeta.” The treatment 
effect for continuous outcomes was measured using 
mean difference (MD) with 95% confidence inter-
val (CI). For dichotomous outcomes, we expressed 
the treatment effect as odds ratio (OR) with 95% CI. 
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Availability of evidence, transitivity assumption, intra-
network connectivity, and network coherence were 
considered to assess the feasibility of conducting a 
network meta-analysis [15]. To rank comparators, we 
conducted a ranking analysis using the frequentist 
analogue of the surface under the cumulative rank-
ing curve (SUCRA) [16]. In case of data expressed as 
median and quartiles, we utilized Hozo’s method [17] 
to estimate the mean and standard deviation (SD). 
Additionally, we abstained from applying continuity 
correction to cases with zero events.

Sensitivity analysis
We decided to perform the following post hoc sensi-
tivity analysis for the primary outcome: (a) excluding 
postoperative patients, (b) excluding high risk-of-bias 
studies, (c) excluding all comparators other than pla-
cebo/no intervention.

Heterogeneity and publication bias analysis
For assessment of study inconsistency and heterogene-
ity, the I2 and  Tau2 statistics were used. Values of I2 were 
categorized as follows: low heterogeneity: I2 < 25%, mod-
erate heterogeneity: I2 25 to 50%, or high heterogeneity: 
I2 > 50%) [18]. A random-effect model was preferred, 
regardless of heterogeneity. Publication bias was evalu-
ated both by visual inspection of funnel plots or Egger’s 
test when more than ten studies were available for a spe-
cific outcome.

Results
Study characteristics
PRISMA flowchart of the included studies is depicted in 
Fig.  1. We selected 181 articles for full-text assessment. 
Of these, only 23 articles met our inclusion criteria [8–10, 
19–38]. However, one study was excluded, as it presented 
a mixed intubated/not intubated cohort of patients, and 
the corresponding author was unable to provide us with 
the subset of intubated patients only [38]. Therefore, 22 

Fig. 1 PRISMA flowchart
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articles (5314 patients) were eventually included for qual-
itative and quantitative analysis.

Characteristics of the included studies are reported 
in Table 1. The identified chlorhexidine concentrations 

were as follows: 0.12% (nine studies) [8, 20, 22, 24–28, 
33], 0.2% (eight studies) [9, 10, 21, 23, 29, 30, 36, 37], 2% 
(six studies) [19, 30–32, 34, 35]. Among these studies, 
only one performed a direct comparison among chlo-
rhexidine concentrations, i.e., 0.2% vs 2.0% [30].

Table 1 Study characteristics

ICU intensive care unit, CDC Center for Disease Control and Prevention, CPIS clinical pulmonary infection score, PC positive culture, Nt number of times the treatment 
was applied

Study Country Population Main outcome Group 1 Group 2 Nt VAP criteria

Meinberg (2012) [19] Brazil ICU VAP Chlorhexidine 2% Placebo 4 CDC

Scannapieco (2009) 
[20]

USA ICU Oral bacterial coloniza-
tion

Chlorhexidine 0.12% Placebo 2 CPIS or PC

Ozczka (2012) [21] Turkey ICU VAP Chlorhexidine 2% Placebo 4 PC

De Riso (1996) [22] USA Postsurgical Nosocomial infections Chlorhexidine 0.12% Placebo 2 CDC

Fourrier (2005) [9] France ICU Nosocomial infections Chlorhexidine 0.2% Placebo  ≥ 3 CDC

Segers (2006) [8] The Netherlands Postsurgical Nosocomial infections Chlorhexidine 0.12% Placebo 4 CDC

Panchabhai (2009) [23] India ICU VAP Chlorhexidine 0.2% Sham (potassium 
permanganate)

2 CDC

Bellissimo-Rodrigues 
(2009)[24]

Brazil ICU Nosocomial respira-
tory infections

Chlorhexidine 0.12% Placebo 3 CDC

Dale (2021) [25] Canada ICU ICU Mortality Chlorhexidine 0.12% Usual care 3 CDC

Dale  (2009) [26] USA ICU VAP Chlorhexidine 0.12% Usual care 3 CPIS

Zarinfar (2021) [27] Iran ICU VAP Chlorhexidine 0.12% Usual care 2 CPIS and PC

Jo Grap (2011) [28] USA Trauma VAP Chlorhexidine 0.12% Usual care 1 CPIS

Jahanshir (2022) [29] Iran ICU VAP Chlorhexidine 0.2% Sham (clove extract) 2 mCPIS

Zand (2017) [30] Iran ICU VAP Chlorhexidine 0.2% Chlorhexidine 1 CPIS

Lin (2015) [31] China Postsurgical VAP Chlorhexidine 0.2% Normal saline 3 CPIS

Tantipong (2008) [10] Thailand ICU VAP Chlorhexidine 2.0% Normal saline 4 CDC

Tuon (2016) [32] Brazil ICU VAP Chlorhexidine 2.0% Normal saline 2 CDC

Pobo (2009) [33] Spain ICU VAP Chlorhexidine 0.12% Usual care 3 CDC

Meidani (2018) [34] Iran ICU VAP Chlorhexidine 0.2% Placebo 2 CDC

Koeman (2006) [35] The Netherlands ICU VAP Chlorhexidine 2% Placebo 4 Clinical decision

Fourrier (2000) [36] France ICU Oral bacterial coloniza-
tion

Chlorhexidine 0.2% Sham (bicarbonate) 3 CDC

Berry (2009) [37] Australia ICU Oral bacterial coloniza-
tion

Chlorhexidine 0.2% Sham (sterile water) 2 Clinical decision

Fig. 2 Overall risk of bias assessment
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Risk of bias assessment
The overall risk of bias assessment is summarized in 
Fig. 2 and detailed in Additional file 2. Six studies were 
evaluated to be at high risk of bias, thirteen studies to 
some concern, while the remaining studies were evalu-
ated to be at low risk of bias.

Outcomes
Results for all the outcomes are summarized in Table 2, 
and the SUCRA analysis is shown in Table 3. Publication 
bias was detected for no outcomes (Additional file 3).

VAP
Twenty-one studies evaluated VAP in 6626 patients over-
all (367 patients assigned to the 2.0% concentration, 464 
to the 0.2%, 2471 to the 0.12%, and 3324 assigned to the 
control group). None of the concentrations of chlorhex-
idine was associated with a statistically significant reduc-
tion in VAP, when compared to either non-chlorhexidine 
comparators or other chlorhexidine concentrations 
(Table  1). Heterogeneity was high (I2 66.8%,  Tau2 0.39). 
The estimation of direct and indirect evidence is available 
as supplementary material (Additional file  4), while the 
graph describing the network among intervention is pre-
sented as Additional file 5. There was no evidence of pub-
lication bias at the funnel plot (Egger test p-value 0.635).

Mechanical ventilation duration
Twelve studies evaluated the mechanical ventilation 
duration and randomized 5379 patients (255 to the 2.0% 
concentration, 188 to the 0.2%, 2191 to the 0.12%, while 
2745 were assigned to the control group). The utilization 
of chlorhexidine at any concentration was not found to 
reduce mechanical ventilation duration, in comparison 
with the control group. Heterogeneity was high (I2 56%; 
 Tau2 1.23). No publication was detected at funnel plot 
(p-value 0.456).

ICU LOS
Ten studies reported results for ICU LOS, randomizing 
a total of 2040 patients (255 to the 2.0% concentration, 
188 to the 0.2%, 594 to the 0.12%, and 1003 to the control 
group). We did not observe shorter ICU LOS in patients 
receiving any concentration of chlorhexidine, when com-
pared to the control group. Heterogeneity was low (I2 
21.7%,  Tau2 1.02), and there were no signs of publication 
bias (p-value 0.457).

Hospital LOS
Analysis of seven studies, randomizing a total of 1834 
patients (155 to the 2.0% concentration, 70 to the 0.2%, 
695 to the 0.12%, while 914 to the control group), 
found only a statistically significant but clinically 

unimportant reduced LOS in 0.12% patients (− 0.60; 
CI − 0.72; − 0.47 days). In this analysis, there was low het-
erogeneity (I2 0%,  Tau2 0) without publication bias at the 
visual inspection of the funnel plot.

Mortality
Fourteen studies reported data for this outcome, enroll-
ing 5978 patients overall (185 in the 2.0% group, 347 
in the 0.2% group, 2447 in the 0.12% group, while 2999 
patients in the control group). No significant effect was 
detected for any of the intervention. Low heterogeneity 
was reported (I2 21.4%,  Tau2 0.045) and no publication 
bias (p-value 0.490).

Sensitivity analysis
Results for the sensitivity analyses are reported in 
Table 4. Briefly, none of the subgroup analyses was able 
to determine the superiority of chlorhexidine at any con-
centration over controls.

Discussion
This systematic review and network meta-analysis 
including 5314 adult patients from 21 RCTs found that 
no concentration of chlorhexidine was associated with 
reduced rate of VAP, in comparison either with other 
chlorhexidine concentrations or with no-chlorhexidine 
interventions. Moreover, compared to other chlorhex-
idine concentrations or no-chlorhexidine interventions, 
no concentration of chlorhexidine improved mechanical 
ventilation duration, LOS, and mortality.

Since the finding is that no concentration of chlorhex-
idine is effective in preventing VAP or any of the other 
investigated outcomes, our network meta-analysis con-
tributes additional evidence to a previous pairwise meta-
analysis, published in 2014 [11], already questioning the 
impact of chlorhexidine on preventing VAP in non-car-
diac surgery patients.

Previous meta-analysis [39, 40] showed that certain 
mode of chlorhexidine delivery (solution but no gel or 

Table 3 Surface under the cumulative ranking curve analysis

Placebo, sham intervention, usual care, or no intervention are used as the 
reference group

ICU intensive care unit, LOS length of stay, VAP ventilator-associated pneumonia

Group VAP Mechanical 
ventilation 
length

ICU LOS Hospital LOS Mortality

Reference 0.184 0.568 0.429 0.158 0.484

0.12% 0.320 0.698 0.260 0.550 0.424

0.2% 0.654 0.270 0.903 0.687 0.196

2.0% 0.842 0.463 0.406 0.603 0.895
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rinse) or frequency of use (4 times/die) could have an 
impact on VAP incidence; however, the paucity of mode 
of deliveries and frequency of administrations when sub-
categorized for chlorhexidine solutions prevented us to 
conduct such subgroups analysis. This remains for sure 
an interesting point for future research.

Moreover, 0.12% chlorhexidine concentration group is 
more represented (2590 patients), compared to the 0.2% 
(464 patients) and 2% (367 patients) groups. Therefore, 
expanding the sample size for the other groups might 
reveal significant benefits on the rate of VAP. However, 
higher chlorhexidine concentrations may increase the 
risk of oral lesions [40], selecting the growth of germs 
resistant to chlorhexidine [41, 42].

Over the years, there have been significant changes in 
guidelines regarding the use of chlorhexidine for prevent-
ing VAP in ventilated patients.

When examining the guidelines, it is essential to note 
that the “Zero-VAP” bundle (Spanish guidelines) [43] 
suggested the standard use of chlorhexidine to prevent 
VAP, recommending concentrations as high as 2%. How-
ever, not all the scientific societies agreed with such a 
recommendation. In fact, in the same year (2014), the 
SHEA/IDSA guidelines [44] categorized oral care with 
chlorhexidine under special approaches instead of basic 
practices due to potential risks and unclear benefits.

A more recent European guideline [45] does not pro-
vide a formal recommendation on the use of chlorhex-
idine for oral care in mechanically ventilated patients 
due to a lack of safety data and an unclear balance 
between the potential reduction in VAP and the potential 
increase in mortality. The latest update from SHEA [46] 
does not recommend the use of oral chlorhexidine as it 
may increase mortality rates. Our study aligns with the 
most recent guidelines and further strengthened these 
recommendations.

Our research has some limitations that warrants dis-
cussion. First, intransitivity may have arisen from the 
inclusion of studies published over a 26-year period. 
Over this period, there could have been substantial 

modifications to VAP prevention bundles, antimicrobial 
therapies, and other clinical practices, potentially impact-
ing the research outcomes. Second, the main analysis 
on primary outcome showed high heterogeneity that 
was not explained by our subgroup analyses, reducing 
the overall confidence in our results. The among-studies 
heterogeneity in protocols for chlorhexidine oral decon-
tamination and antimicrobial stewardship and outcome 
definitions may explain such finding. Third, we included 
all non-chlorhexidine interventions, i.e., placebo, sham 
intervention, usual care, and no intervention, in the same 
group.

Conclusion
Chlorhexidine oral decontamination does not reduce 
the rate of VAP in critically ill adult patients in the ICU, 
and we could not recommend its routine use. Neverthe-
less, further research is warranted, particularly investi-
gating the potential benefits of chlorhexidine at higher 
concentrations.

Abbreviations
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LOS  Length of stay
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OR  Odds ratio
SD  Standard deviation
SUCRA   Surface under the cumulative ranking curve
VAP  Ventilator-associated pneumonia
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