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Background: Ventilator-associated pneumonia is a common and life-threatening complication in inten-
sive care unit (ICU) patients. Maintaining oral hygiene is crucial for reducing ventilator-associated
pneumonia incidence. Various mouthwash solutions are used for oral care in ICU settings, but their
comparative effectiveness remains unclear. This study aims to systematically evaluate and compare the
efficacy and safety of commonly used mouthwashes for oral care in mechanically ventilated ICU patients.
Methods: We searched PubMed, Web of Science, Embase, and Cochrane Library for randomised
controlled trials (RCTs) comparing saline, chlorhexidine, sodium bicarbonate, oxidising agents, herbal
extracts, and povidone-iodine for oral care in ventilated ICU patients. Outcomes included ventilator-
associated pneumonia incidence, ICU mortality, duration of ventilation, and Escherichia coli fixed value.
A network meta-analysis (NMA) was conducted to synthesise direct and indirect evidence. This study is
registered with the International Platform of Registered Systematic Review and Meta-analysis Protocols,
2023120028.
Results: FourteenRCTs with 1644 participants were included. Oxidising agents showed a trend towards
reducing the incidence of VAP compared to the control group (risk ratio: 0.24, 95% confidence interval:
0.05e1.10). Administration of saline was associated with a notable reduction in ICU mortality (risk ratio:
0.18, 95% confidence interval: 0.04e0.88) versus no mouthwash. No significant differences were
observed in the duration of mechanical ventilation between chlorhexidine, povidone-iodine, and the
control group.
Conclusions: Antimicrobial mouthwashes, especially chlorhexidine, pose potential risks in ICU patients;
oxidising solutions demonstrate relative safety. Saline solution emerges as a promising alternative,
associated with a significant reduction in mortality rates. However, the need for large, high-quality
RCTs remains paramount to substantiate these findings and establish evidence-based oral-care pro-
tocols in ICU settings.
Registration: This study is registered with the International Platform of Registered Systematic Review
and Meta-analysis Protocols, 2023120028.
© 2024 Australian College of Critical Care Nurses Ltd. Published by Elsevier Ltd. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Critically ill patients in intensive care units (ICUs) are suscepti-
ble to various complications, among which ventilator-associated
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pneumonia (VAP) is one of the most common and fatal nosoco-
mial infections.1e3 The inability to maintain oral hygiene due to
endotracheal intubation and mechanical ventilation is a major risk
factor for VAP, which occurs in 9e28% of ventilated patients and
leads to mortality in 24e50% of cases.1,4

Interventions to prevent VAP aim either to prevent repeated
microaspiration, colonisation of the upper airway and gastro-
intenstinal tract with potentially pathogenic organisms, or
contamination of ventilator/respiratory equipment.5,6 Aspiration of
contaminated oropharyngeal secretions or stomach contents
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refluxing into the oropharynx and then into the airways plays a
paramount role in VAP pathogenesis and likely represents one of
themost preventable factors that should be factored into the design
of VAP prevention strategies.7 Since aspiration of oropharyngeal
secretions appears to be the primary mechanism for the develop-
ment of VAP, a number of approaches attempting to inhibit path-
ogenic colonisation of the oropharynx have been tested. These
include everything from brushing your teeth to using a variety of
topical/oral antibacterial mouthwashes such as sodium bicarbon-
ate, chlorhexidine (CHX) and povidone-iodine (PI), and non-
antibacterial mouthwashes.

Various mouthwash solutions have been used for oral hygiene
care in ICU settings, including saline, CHX, PI, sodium bicarbonate,
oxidising agents (ozone water, hydrogen peroxide), and herbal
extracts.8e13 As the gold standard, CHX exhibits broad antimicro-
bial activities against pathogens causing oral diseases and has low
risks of inducing resistance.13,14 However, CHX is also associated
with side-effects such as tooth discolouration and taste distur-
bance.15,16 PI has been suggested as one of the best antimicrobial
agents in reducing the incidence ofrespiratory infections such as
VAP. Nevertheless, the available evidence regarding the efficacy of
PI oral care in VAP prevention is notably scant and occasionally
discordant.17 Saline often serves as placebo or control. Sodium bi-
carbonate softens oral mucosa but increases dental plaque.18 Oxi-
dising agents have antibacterial and antiviral properties but certain
adverse reactions.10,19 Herbal extracts are increasingly used for
their antimicrobial, antiviral, and antifungal effects, with fewer
side-effects.20,21

Previous meta-analyses have evaluated the anti-inflammatory
and antimicrobial effects of various mouthwashes or the efficacy
of CHX in preventing VAP.22e24 However, there is no consensus on
the optimal oral-care regimen tailored for individual ICU patients
based on evidence.23e25 Therefore, this study aims to systemati-
cally compare the efficacy and safety of the six commonly used
mouthwash solutions for oral care in ventilated ICU patients using a
network meta-analysis, in order to guide evidence-based stand-
ardised oral assessment and nursing practices.

2. Methods

The NMA protocol used in this study was registered in Inter-
national Platform of Registered Systematic Review and Meta-
analysis Protocols (2023120028.). This network meta-analysis was
conducted following the guidelines in the preferred reporting items
for systematic reviews and meta-analyses report, with modifica-
tions for network meta-analyses.26

2.1. Literature search strategy

We systematically searched PubMed, Web of Science, Embase,
and Cochrane Library for relevant randomised controlled trials
(RCTs) from database inception to July 2023. The following key-
words and their synonyms were used: “oral care”, “intensive care”,
and “ventilator-associated pneumonia”. Reference lists of relevant
studies were hand-searched for additional eligible trials.

2.2. Selection criteria

RCTs pertinent to our research question were included. The in-
clusion criteriawere as follows: (i) conducted in endotracheal tubes
or mechanically ventilated ICU patients; (ii) the intervention
group(s) should use mouthwashes by liquids, sprays, or with a
swab. Application of different mouthwash solutions, including sa-
line, CHX, sodium bicarbonate, oxidising agents, herbal extracts,
and PI; (iii) reporting at least one outcome of our interest, including
VAP incidence, ICU mortality, duration of ventilation, Escherichia
coli colonisation of bacteria; (iv) studies written in English. Non-
randomised studies and thosewith incomplete datawere excluded.

2.3. Data extraction and risk-of-bias assessment

Two reviewers independently extracted the following infor-
mation: first author, publication year, study design, participant
characteristics, interventions in each group, and main outcome
measures. The Cochrane risk-of-bias tool was used by two re-
viewers to assess the risk of bias in terms of random sequence
generation, allocation concealment, blinding, incomplete data, and
selective reporting. Disagreements were resolved by discussion or
consulting a third reviewer.

2.4. Statistical analysis

A network meta-analysis was performed using the R software.
Conventional pairwise meta-analysis was first conducted. The I2

test was used to assess heterogeneity across studies, with I2 > 50%
indicating significant heterogeneity. The network meta-analysis
was then performed to synthesise direct and indirect evidence.
The model fit was evaluated by comparing coefficient function
values. The probability of superiority for each intervention was
estimated based on surface under the cumulative ranking curves
(SUCRA). Inconsistency between direct and indirect sources of ev-
idence was assessed by node-splitting analysis.

3. Results

3.1. Literature search and selection

The initial search yielded 1053 records. After removing dupli-
cates and obviously irrelevant studies, 14 RCTs9e13,27e35 were
finally included through title/abstract and full-text screening. All
were two-arm trials comparing different mouthwash solutions
including saline, CHX, PI, sodium bicarbonate, hydrogen peroxide,
and herbal extracts for oral care in ICU patients. The screening
process is outlined in Fig. 1.

3.2. Baseline characteristics

The 14 RCTs enrolled 1644 ventilated ICU patients, with a mean
age of 57.86 years, and 58.73% were male. The interventions and
control arms varied across studies. Table 1 summarises the basic
characteristics of the included trials.

3.3. Ventilator-associated pneumonia incidence

Network meta-analysis (Fig. 3) showed the use of oxidising
agents demonstrated a trend towards reducing the incidence of
VAP compared to the control group (risk ratio [RR]: 0.24, 95%
confidence interval [CI]: 0.05e1.10). Conversely, sodium bicarbon-
ate (RR: 0.96, 95% CI: 0.23e4.40), CHX (RR: 0.57, 95% CI: 0.25e1.38),
PI (RR: 0.54, 95% CI: 0.15e1.63), herbal extracts (RR: 0.46, 95% CI:
0.13e1.87), and the control group did not exhibit statistically sig-
nificant differences in VAP incidence. There was no evidence of
heterogeneity (P ¼ 0.0150, I2 ¼ 54.6%).

3.4. ICU mortality

According to the data presented in Fig. 4, no significant differ-
ences were observed in ICUmortality between sodium bicarbonate
(RR: 5.51, 95% CI: 1.14e28.39), CHX (RR: 1.15, 95% CI: 0.43e3.33), PI
(RR: 1.01, 95% CI: 0.37e2.49), and the control group. However, the



Fig. 1. Flow diagram of study selection.
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administration of saline (RR: 0.18, 95% CI: 0.04e0.88) was associ-
ated with a notable reduction in ICU mortality, as shown in Fig. 4.
There was no evidence of heterogeneity (P ¼ 0.4398, I2 ¼ 0%).

3.5. Duration of mechanical ventilation

No significant differences were observed in the duration of
mechanical ventilation between CHX (RR: �1.49, 95% CI: �8.52
to�4.86), PI (RR: �0.70, 95% CI: �9.52 to�8.50) and control. Fig. 5.
There was no evidence of heterogeneity (P ¼ 0.7250, I2 ¼ 0 %).

3.6. Escherichia coli fixed value

In our network meta-analysis, as depicted in Fig. 6, we investi-
gated the efficacy of various interventions in addressing Escherichia
coli infections, aiming to elucidate their comparative effectiveness.
The results revealed no statistically significant differences in the ef-
ficacy of sodium bicarbonate (RR: 1.12, 95% CI: 0.35e3.47), CHX (RR:
0.96, 95% CI: 0.25e3.42), PI (RR: 0.29, 95% CI: 0.03e1.79), herbal
extracts (RR: 2.23, 95% CI: 0.19e32.38), and the control group. There
was no evidence of heterogeneity (P ¼ 0.9908, I2 ¼ 0 %).

3.7. Quality assessment

Fig. 2 summarises the risk of bias assessed for RCTs. Although all
studies involved randomisation, nine trials used appropriate ran-
domisation techniques. Ten articles reported information on hid-
den allocation. Regarding contamination between treatment
groups, nine trials had a low risk of bias, and five trials had a low
risk of bias due to selective reporting of results. Fig. 2 shows the
Cochrane risk-of-bias assessment of the included studies.
4. Discussion

Through undertaking a meta-analysis, we systematically
compared saline, CHX, sodium bicarbonate, oxidising agents, and
herbal extracts for oral care in ventilated ICU patients regarding
effects on VAP incidence, ICUmortality, duration of ventilation, and
Escherichia coli fixed value. The results demonstrated that mouth-
wash may have no effect on the incidence of VAP, duration of
mechanical ventilation, or colonisation with pathogenic bacteria in
critically ill patients, but saline may significantly reduce mortality.

Research findings suggest that compared to the control group
and CHX mouthwash, the use of oxidants has shown a positive
effect on reducing the incidence of VAP in critically ill patients.
Currently, the use of CHX mouthwash in ICUs to regulate oral
colonisation of respiratory pathogens and microaspiration, thereby
preventing VAP, seems to have become a widely accepted practice.
However, in the current meta-analysis, CHX mouthwash did not
significantly affect the incidence of VAP, whichmay be attributed to
the fact that the positive effects of CHX are only effective for
postecardiac surgery patients and only with high doses of
noncommercial 2% CHX gel.36 The benefit of CHX in reducing VAP
by approximately 27% mainly comes from studies involving cardiac
surgery patients, For noncardiac patients, the use of CHX may in-
crease the risk of death for these patients.7

Some studies38,39 suggest a correlation between the use of anti-
microbial mouthwash and increased risk of mortality. Addressing
this issue, Blot et al.36,37 proposed a hypothesis suggesting that a
disturbance in nitric oxide homoeostasis by antiseptic mouthwashes
may be responsible for the observed increase in mortality risk; this
increased mortality risk might be linked to the eradication of oral
bacterial communities by antimicrobial mouthwash, resulting in
reduced nitric oxide (NO) bioavailability and potential life-



Fig. 2. Risk-of-bias analysis. (A) Review authors' judgements on each risk-of-bias items presented as percentages across all included studies. (B) Risk-of-bias summary: review
authors' judgements about each risk-of-bias item for each included study.

Table 1
Baseline characteristics of the included trials in 14 RCTs.

Study Country Design meal Age,y Sample Mouthwash Follow-up
assessments

Arm 1 Arm 2 Arm 1 Arm 2 Arm 1 Arm 2

Jahanshir et al., 2023 Iran RCT 109 (64.9%) 55.21 (9.7) 59.7 (21.4) 84 84 Herbal ingredients CHX 5 days
Izadi et al., 2023 Iran RCT 37 (50.8%) 60.3 (16.7) 63.7 (15.8) 36 37 Peroxide-type CHX 5 days
Siriyanyongwong et al., 2022 Thailand RCT 16 (53.3%) 68 (56e75) 63 (56e75) 15 15 Herbal ingredients CHX 7days
Nobahar et al., 2016 Iran RCT 34 (50%) 66 (15.5) 63.4 (20.5) 34 34 Peroxide-type NS 5 days
€Ozden et al.,2014 Turkey RCT 22 (55%) 61.6% were over 66 years

old
20 20 Sodium bicarbonate CHX 4 days

Seguin et al., 2014 France RCT 60 (71%) 64 (78%) 85 82 PVP-I NS 7 days
Berry et al., 2013 Australia RCT 154 (59.2%) 54.93 (19.5) 59.96 (18.0) 133 127 Sodium bicarbonate Herbal

ingredients
4 days

€Ozcaka et al., 2012 Turkey RCT NR 56.0 (18.2) 60.5 (14.7) 32 29 NS CHX 14 days

Berry et al., 2011 Australia RCT 35 (53%) 60.4 (17.5) 58.2 (19.4) 33 33 Sodium bicarbonate CHX 4 days
Scannapieco et al., 2009 USA RCT 104 (71.2%) 50.0 (22.5) 48.0 (20.8) 42 97 NS CHX 21 days
Tantipong et al., 2008 Thailand. RCT 101 (48%) 56.5 (20.1) 60.3 (19.1) 52 58 NS CHX 2 days
Seguin et al., 2006 France RCT 52 (78%) 38 (17) 38 (16) 36 31 PVP-I NS 7 days
Chua et al., 2004 Philippine RCT 17 (40.5%) 51.4 (15.8) 55.2 (16.5) 22 20 PVP-I NS 7 days
DeRiso et al., 1996 USA RCT 242 (68.6%) 63.5 (0.84) 64.1 (0.86) 180 173 NS CHX NR

Abbreviations: CHX: chlorhexidine; NR: Not Reported; NS: Normal Saline; PVP: Polyvinylpyrrolidone-Iodine (also known as Povidone-Iodine); RCT: randomised controlled
trial.
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threatening complications such as ischaemic cardiac events or sepsis.
The impact of othermouthwashes besides CHX onNO bioavailability
remains unknown; however, it is possible that eachmouthwashwith
preservative properties targeting the reduction of oral nitrates
should be able to decrease NO bioavailability and trigger adverse
events.36 The results of this study demonstrate that, compared to
other mouthwashes, saline solution significantly reduces mortality
rates. Thus, it is evident that nonantimicrobial mouthwash (saline



Fig. 3. Ventilator-associated pneumonia incidence network plot and funnel plot. A: peroxide-type; B: chlorhexidine; C: herbal ingredients; D: normal saline;
E: sodium bicarbonate; F: povidone-iodine.

Fig. 4. Intensive care unit fatality-rate network chart and funnel chart. A: chlorhexidine; B: normal saline; C: sodium bicarbonate; D: povidone-iodine.

Fig. 5. Escherichia coli 1fixed value network chart and funnel chart. A: chlorhexidine; B: herbal ingredients; C: normal saline; D: sodium bicarbonate; E: povidone-iodine.
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solution) can reduce the risk ofmortality in ICUpatients compared to
antimicrobial mouthwashes represented by CHX.

CHX and oxidising agents, especially the latter, conferred
optimal VAP prevention.9,40,41 This could be attributable to their
potent antimicrobial and disinfectant properties.40 As a well-
known aminoglycoside antiseptic, CHX rapidly disrupts cell mem-
branes of pathogenic bacteria and suppresses their growth and
reproduction, effectively reducing oral bacterial load and migration
into respiratory tract.42 On the other hand, oxidising agents such as
hydrogen peroxide exert microbicidal effects via free-radical for-
mation during oxidation, degrading bacterial biofilms and killing
various pathogens.19,43 Therefore, CHX and oxidising mouthwashes
may effectively control pathogenic oral flora in ICU patients, miti-
gating risks of respiratory infections and thereby VAP incidence.
Additionally, CHX mouthwash effectively prevents nosocomial
pneumonia in ICU patients, especially among those in cardiac sur-
gery.44 Using hydrogen peroxide together with CHX may alleviate
side effects of the latter such as unpleasant taste and tooth dis-
colouration, improving patient compliance.45

Compared to other oral-care regimens, the duration of me-
chanical ventilation and ICU stay was markedly shorter in the
oxidising-agent group. By maintaining oral hygiene and reducing
risks of respiratory infections, oxidising agents may contribute to
expedited recovery and shortened ICU stay.9

Similar to CHX, herbal extracts also exhibit antibacterial ac-
tivities. The two mouthwash solutions had comparable efficacy
in suppressing growth of Staphylococcus aureus and Strepto-
coccus pneumoniae. Given the increasing threat of pathogen
resistance, herbal mouthwashes are considered effective alter-
natives.46,47 Especially regarding safety, herbal extracts were



Fig. 6. Duration of mechanical ventilation network plot and funnel plot. A: chlorhexidine;B: normal saline; C: povidone-iodine.
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associated with the least adverse reactions, attributable to the
natural ingredients and synergistic actions of medicinal herbs.
CHX did show slightly more side-effects, which clinicians should
monitor for.

A recent national point prevalence study on oral health care in
adult ICUs across the UK48 concluded that good oral hygiene helps
lower risks of VAP, but there is lack of standardised protocols and
written consensus guiding oral-care practices for intubated ICU
patients with tailored interventions. Proper and effective oral care
is of paramount importance for ICU patients with endotracheal
tubes. In addition to mouthwashes, oral care encompasses various
modalities. Some studies focussed not only on the VAP preventive
effects of mouthwashes but also on different combinations of oral-
care techniques. For example, toothbrushing plus mouthwash
showed superior VAP prevention compared to either intervention
alone in ventilated ICU patients. Toothbrushing is easier to perform
regardless of the method (manual or electric toothbrush,
swab).49e51

Previously published meta-analyses have evaluated the effec-
tiveness of CHX mouthwash and oral hygiene measures in pre-
venting VAP in mechanically ventilated ICU patients.15,52 However,
conclusions remain inconclusive regarding optimal CHX concen-
trations and formulations.53 In contrast, this networkmeta-analysis
integrates evidence across multiple RCTs assessing different
mouthwash solutions used in oral care of critically ill patients. By
synthesising data across mouthwash categories, the analysis en-
ables both direct and indirect comparisons to evaluate their relative
effects on patient outcomes.

Potential advantages of this approach include the ability to
assess a wider range of mouthwash formulations beyond just CHX,
facilitate comparisons between different mouthwash categories in
terms of their efficacy, and potentially provide more definitive
conclusions to guide the selection of optimal mouthwash regimens
for this patient population. However, some limitations should be
noted when interpreting the results. These include reliance on
published RCTs with inherent biases, caution when drawing in-
ferences from indirect comparisons, and the inability to account for
all factors that may moderate effectiveness such as frequency and
consistency of mouthwash application. Clearly, further high-quality
RCTs directly comparing different mouthwash protocols are still
required to consolidate the evidence base, but this network meta-
analysis represents an important advance in making better use of
existing data.
5. Limitations

This study incorporated high-quality RCT evidence published
recently. The efficacy and safety of different oral-care regimens
were systematically evaluated to provide hierarchical evidence
guiding standardised practices for ICU patients. However, there are
some limitations, such as between-study heterogeneity, lack of
subgroup analyses by frequency of application, and risk of selective
reporting bias. Future research should adopt standardised outcome
measures, assess the effects of varying frequencies and dosages of
interventions, and report cost-effectiveness data, in order to
furnish more solid evidence supporting standardised oral-care
protocols tailored for ICU patients.
6. Conclusion(s)

In summary, while the effectiveness of different mouthwash
types on VAP incidence, duration of mechanical ventilation, and
bacterial colonisation remains inconclusive, there is evidence sug-
gesting potential risks associated with the use of antimicrobial
mouthwash, particularly CHX, in ICU patients. Oxidising solutions
appear relatively safe. Saline solution emerges as a promising
alternative, showing a significant reduction in mortality rates.
However, large, high-quality RCTs are warranted to verify our
findings and provide more robust evidence to inform evidence-
based oral care in ICU settings.
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