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Abstract 
 

Aims Ventilator-associated pneumonia (VAP) is one of the most 
common infections that occurs in the intensive care unit (ICU). It has 
significant risks of morbidity and mortality, alongside increased care 
costs and length of hospital stay. Unfortunately, the current guidance 
to prevent VAP does not correspond with the most recent evidence 
available regarding oral care methods in the prevention of VAP. The 
aim of this appraisal was to investigate the efficacy of oral hygiene 
interventions for the prevention of VAP, specifically comparing use of 
chlorohexidine (CHX) alone and with toothbrushing.

Methods This appraisal investigated whether toothbrushing plus 
CHX, an antimicrobial mouthwash, more efficiently prevents VAP vs 
CHX alone. A search was conducted using Medline, the Dentistry & 
Oral Sciences Source (DOSS) and the Cumulative Index of Nursing 
and Allied Health Literature (CINAHL). The search was limited to 
randomised control trials (RCTs). 

Results Two RCTs were included in the study. One of the RCTs showed 
a significant reduction in the mean time on ventilation (p=0.018) in 
the toothbrushing plus CHX group vs the CHX only group. However, 
overall, there was no significant difference in VAP occurrence in either 
of the studies when toothbrushing was added to CHX vs CHX alone.  

Conclusion Well-designed RCTs with larger sample sizes are needed 
in the future to establish the significance of oral care in the prevention 
of VAP. Holistic care is crucial in ICU and oral hygiene could play an 
important role in reducing mortality associated with nosocomial 
infections, such as VAP.

Introduction

Mechanical ventilation gives critically ill patients the ability to keep 
breathing when they are unable to do so on their own. However, this 
comes with the risk of developing ventilator-associated pneumonia 
(VAP), a hospital-acquired infection that can be fatal.1 According to 
the Oxford Handbook of Clinical Medicine,2 20% of patients admitted 
to the intensive care unit (ICU) and in need of ventilation for 48 hours 
(or longer) develop VAP. Some reports even show that up to 67% 
of patients admitted into intensive care will develop VAP.3  This can 
potentially increase a patient’s hospital stay, mortality risk and care 
cost.⁴ Therefore, an effective VAP prevention bundle (see Text box) is 
crucial for increasing the chances of saving more patient lives. 

Humans are composed of more microbe than human cells, being 
outnumbered 10:1. The oral cavity, alone, contains over 700 different 
microbe species, including viral, fungal and bacterial microbes. 
In addition, the oral cavity provides various surface types, such 
as mucosa and teeth, and aerobic and anaerobic environments.3 

Therefore, with a complex habitat that allows microbes to form 
biofilms, the oral cavity is essentially a harbour of opportunistic 
infection, which could be deadly for the already unwell patient in ICU. 
Oral care is, thus, included in the VAP prevention bundle, with the aim 
of decreasing the microflora load and reducing the risk of aspiration 
of potentially virulent species into the lower respiratory tract. 

Dental plaque has been shown to have a population of over 100 
million bacterial cells.3 Plaque is composed of complex biofilms made 
by oral bacteria. The bacteria form extracellular polysaccharides 
(EPS), providing an armour-like housing and nutritional source.3 
Chlorohexidine (CHX), an effective antiseptic that can be used as a 
mouthwash, has been proven to be effective at reducing plaque. 
However, CHX may not be able to fully remove and penetrate plaque. 
An effective way to remove this structure is by brushing, thus, 
not allowing stagnation to occur in the mouth (hence the dental 
recommendation of brushing twice a day).⁵       

CHX can cause anaphylaxis (all be it rare), and a study carried out 
by Klompas et al in cardiac patients has brought into question the 
efficacy of CHX vs its risk.⁶ Current guidelines from The National 
Institute for Health and Care Excellence (NICE) have since withdrawn 
the recommendation of use of CHX for the prevention of VAP,⁷ 
and the Intensive Care Society (ICS) is in agreement.⁸ However, a 
Cochrane review that was carried out in 2016 concluded that the 
inclusion of CHX in oral care significantly decreases VAP occurrence 
from 24% to 18%, saving up to one in 17 patients.⁹ However, this 
review also reported more research was needed to assess the 
significance of toothbrushing in the prevention of VAP. The BMJ Best 
Practice indicates that CHX is still commonly used in ICU.10 Moreover, 
the Australian Guidance for Infection Control in Healthcare (2019) 
states that, where indicated, the use of CHX is appropriate for the 
prevention of VAP in ICU.11 

With the oral cavity being the major gateway to the respiratory 
tract, it is important to review these guidelines and form definitive, 
clear instructions for practitioners and nursing teams. This appraisal 
accepted the effectiveness of CHX and investigated if toothbrushing 
alongside CHX increases the efficacy of oral care to reduce the 
incidence of VAP in ICU vs CHX alone. 

Key components in the VAP prevention bundle

•  Head elevation
•  Sedation interruption
•  Subglottic drainage
•  Deep-vein thrombosis and gastrointestinal-bleed prophylaxis
•  Oral hygiene 

Components are examples that have been extracted from Chacko et al12
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Methods

A search of the literature was conducted using Medline, accessed 
via Ovid. In addition, a combined search of the Dentistry & Oral 
Sciences Source (DOSS) and the Cumulative Index of Nursing and 
Allied Health Literature (CINAHL), accessed via EBSCOhost, was also 
carried out. The search was limited to randomised control trials (RCTs) 
in the English language that compared CHX and toothbrushing oral 
hygiene methods, excluding those published before 2016. The search 
was carried out in November 2018 (see Figure 1).

Figure 1. Flowchart of database search. Numbers excluded at each 
step are shown in brackets. ªOral hygiene methods differed to those 
being investigated. bArticle did not allow the comparison of tooth 
brushing in addition to CHX use with CHX use alone.

Results

RCTs included Two RCTs were included in this appraisal: de Lacerda 
Vidal et al13 and Chacko et al.12 The relevant findings from each RCT 
are shown in Table 1.

Table 1. Summary of RCT results: toothbrushing plus CHX vs CHX 
alone.

Variable measured
Findings from 

de Lacerda Vidal 
et al13

Findings from 
Chacko et al12

VAP occurrence Reduced (p<0.084) Whole cohort: no change 
(p<0.82); males: reduced 
(p<0.01)

Mean time on ventilation Reduced (p<0.018) Reduced (p<0.001)

Mortality No change (p<0.064) No data

Time spent in ICU No change (p<0.064) Reduced (p<0.001)

Risk of bias High High

Applicability Low Low

Findings The results in Table 1 demonstrate that the addition of 
toothbrushing to CHX treatment, vs CHX alone, significantly reduces 
the mean time a patient needs ventilation. Chacko et al12 carried out 
a multivariant regression analysis showing VAP risk increases by 1.3 
times with every day a patient is mechanically ventilated, which may 
support the use of brushing alongside CHX. However, overall there 
was no significant reduction in VAP occurrence between the two 
groups. There was a non-significant reduction in mortality and length 
of ICU stay for those receiving toothbrushing in addition to CHX as 
compared to those receiving CHX alone.

Risk of bias and applicability During the appraisal, it was found 
that the risk of performance bias in both studies was high (Table 
1) because the nursing teams could not be blinded as they would 
have had to have known what method of oral care they were carrying 
out (toothbrushing cannot be concealed). Therefore, the strength 
of applying the results to real practice is limited, since it is hard to 
determine if the lack of blinding influenced the results and, thus, the 
true effect of the intervention.  

Discussion

Extensive research and debate regarding oral care has occurred 
recently, leading to both NICE7 and the ICS8 retracting advice to 
use CHX. However, evidence has suggested that CHX use may 
help to reduce the risk of developing VAP. However, even with 
evidence suggesting benefits to CHX application, it has not yet been 
reintroduced to guidance, yet still seems commonplace.   

Biofilms can increase bacterial resistance to antiseptics due to 
the protection offered by the complex EPS matrix.14 This supports 
the theory that incorporating toothbrushing into oral care with 
CHX use may offer more benefit than use of CHX alone. With the 
additional mechanical removal of biofilm/plaque, it is thought that 
VAP incidence would be further prevented when toothbrushing 
is added to CHX. Both studies included in this appraisal suggested 
that toothbrushing may be used in combination with CHX to prevent 
VAP; however, the findings were not significant and larger studies are 
needed to detect any true significance.

Although no significant difference was found in the occurrence of 
VAP with the addition of brushing to CHX in oral care vs CHX alone, 
a holistic approach to mouth care is still important. Patients who are 
mechanically ventilated have an inhibited cough reflex and are more 
prone to dry mouth. Therefore, due to the decrease in saliva, the 
patient’s oral environment experiences less buffering and protection, 
leaving the teeth and soft tissues more prone to infection. These 
environmental changes lead to an imbalance of the oropharyngeal 
flora, which is suspected to increase the likelihood of developing 
VAP.13 Therefore, as oral health deteriorates, the risk of VAP increases.12 

The appraised articles showed significant decreases in time spent on 
mechanical ventilation with use of toothbrushing plus CHX vs CHX 
alone. This could lead to greater applicability of the results because, 
according to Chacko et al’s multivariant regression analysis,12 VAP 
risk increases by 1.3 times with every day a patient is mechanically 
ventilated. The studies also showed a non-significant reduction 
in length of stay in ICU with combined toothbrushing and CHX vs 
CHX alone, which could decrease the cost of patient care. Moreover, 
this could free ICU beds, potentially relieving some pressure on an 
already strained healthcare system. 

Additional advancements in the prevention of VAP With current 
oral care guidance on the prevention of VAP conflicting with the 
most-recent evidence regarding CHX use,9 and with the addition of 
toothbrushing to CHX showing non-significant reductions in VAP 
occurrence vs CHX use alone, it may be time for new innovative 
protocols to be implemented to help decrease the number of patients 
developing VAP, such as photodynamic therapy.15 This therapy uses a 
combination of a photosensitiser dye, light and oxygen to decrease 
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the bacterial microflora. It has the advantage of not being limited 
by antimicrobial resistance (unlike CHX) and is less invasive than 
brushing, decreasing the collateral risk of introducing a transient 
bacteraemia and the possibility of aspiration, limiting the risk of 
introducing potentially virulent species into the lower respiratory 
tract. 

Conclusion Control of the oral microflora remains a crucial part of 
the VAP prevention bundle. Therefore, further development of the 
guidance for oral care in the prevention of VAP is needed. In doing so, 
more lives in the ICU could be saved. Providing up-to-date evidence 
on decreasing bacterial load within the oral cavity should be carried 
out, creating the most effective guidance. In the future, well-designed 
RCTs with larger sample sizes may help to establish the correlation 
between the different oral care methods and the incidence of VAP. 
Holistic care is crucial in ICU and oral hygiene care can contribute to 
reduced mortality associated with nosocomial infections, such as 
VAP. 

Copyright This work is licensed under the Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License. 
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