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RESUMO 

 

A pneumonia associada à ventilação (PAV) é uma infecção pulmonar que se 

desenvolve em um paciente colocado em ventilação mecânica por mais de 48 horas. 

É a infecção no trato respiratório inferior mais comum em pacientes sob ventilação 

mecânica. A higiene oral é um importante fator na prevenção da PAV. A 

clorexidina é um antisséptico de efeito bacteriostático e bactericida, e seu efeito 

pode ser potencializadopela remoção mecânica de microrganismos através da 

escovação dental. O objetivo deste trabalho foi comparar a eficácia da clorexidina 

0,12% versus clorexidina 0,12% associada à escovação mecânica na prevenção da 

PAV. Para tando, foi realizada inicialmente uma revisão sistemática de ensaios 

clínicos randomizados seguindo as diretrizes PRISMA-P e Cochrane. Em seguida, 

uma metanálise foi realizada com publicações que houvessem informado a 

frequência de PAV nos grupos de interesse deste estudo. Foram identificados 

inicialmente 2.337 trabalhos, dos quais quatro foram considerados na revisão 

sistemática e três na metanálise. Os estudos incluídos apresentaram baixo risco de 

viés. Todos os trabalhos considerados na revisão sistemática mostraram frequência 

menor de PAV em pacientes submetidos a protocolo de higiene oral com escovação 

associada à clorexidina, comparados ao uso exclusivo de clorexidina, todavia em 

nenhum deles essa diferença foi estatisticamente significativa. Na metanálise, os 

resultados agregados revelaram que o risco de PAV era 24% menor para pacientes 

que receberam CHX e escovação de dentes em comparação com aqueles que 

receberam CHX apenas, mas essa redução tampouco se mostrou estatisticamente 

significativa. Conclusão:  Houve convergência dos resultados dos estudos quanto a 

efeito benéfico do uso combinado da escovação e clorexidina, todavia os resultados 

agregados desses estudos não resultaram em diferença significativa na frequência 

de PAV.  

 

Palavras-chave:  

Clorexidina, Escovação dentária, Pneumonia Associada à Ventilação.
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ABSTRACT 

 

Ventilator-associated pneumonia (VAP) is a pulmonary infection that develops in 

a patient on mechanical ventilation for more than 48 hours. It is the most common 

lower respiratory tract infection in mechanically ventilated patients. Oral hygiene 

is an important factor in preventing VAP. Chlorhexidine is an antiseptic with 

bacteriostatic and bactericidal effect, and its effect can be potentiated by mechanical 

removal of microorganisms through tooth brushing. The aim of this study was to 

compare the efficacy of 0.12% chlorhexidine versus 0.12% chlorhexidine 

associated with mechanical brushing to prevent VAP. However, a systematic 

review of randomized controlled trials was initially performed following the 

PRISMA-P and Cochrane guidelines. Then, a meta-analysis was performed with 

publications that reported the frequency of VAP in the interest groups of this study. 

Initially, 2,337 studies were identified, four of which were considered in the 

systematic review and three in the meta-analysis. The included studies had a low 

risk of bias. All studies considered in the systematic review showed a lower 

frequency of VAP in patients undergoing chlorhexidine-associated oral hygiene 

protocol compared to the exclusive use of chlorhexidine, but in none of them this 

difference was statistically significant. In the meta-analysis, aggregated results 

revealed that the risk of VAP was 24% lower for patients receiving CHX and tooth 

brushing compared with those receiving CHX alone, but this reduction was not 

statistically significant either. Conclusion: There was convergence of study results 

regarding the beneficial effect of combined use of brushing and chlorhexidine, 

however the aggregated results of these studies did not result in significant 

difference in VAP frequency. 

Keywords: Chlorhexidine, Tooth Brushing, Ventilator-Associated Pneumonia. 
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INTRODUÇÃO E REFERENCIAL TEÓRICO 

 

Pneumonia associada à ventilação (PAV) é um tipo de infecção pulmonar que se 

desenvolve em um paciente em ventilação mecânica por mais de 48 horas 

(Grossman & Fein, 2000).  A PAV de início precoce é definida como ocorrendo 

nos primeiros 4 dias de hospitalização e estão associados a um melhor prognóstico. 

Já a PAV de início tardio engloba um período de 5 dias ou mais e estão associadas 

ao aumento da morbidade e mortalidade dos pacientes (American Thoracic Society, 

2005). 

As infecções no trato respiratório inferior (ITRIs) são as principais causas de 

complicações em pacientes em unidades de terapia intensiva (UTIs) (Bouadma et 

al., 2015). As ITRIs em pacientes em UTI podem ser distinguidas de acordo com 

presença ou ausência de ventilação mecânica invasiva no momento de sua 

ocorrência (Berra et al., 2003). A PAV continua sendo a ITRI mais comum em 

UTIs. Está relacionada a taxas de morbidade e mortalidade consideráveis (4.6%) 

(Spalding et al., 2017). Possui taxa de incidência que varia de 10% a 20% dos 

pacientes que recebem mais de 48 horas de ventilação mecânica (Ego et al., 2015).  

A etiologia bacteriana da PAV é influenciada por categoria de pacientes, tempo de 

início da PAV, hospitalização, antibioticoterapia prévia, tempo de internação no 

momento do desenvolvimento da PAV, atual antibioticoterapia para infecção 

concomitante e padrão local de organismos (Kalwaje et al., 2018). Os agentes 

causadores da PAV podem variar muito diferenciando-se de acordo com regiões 

geográficas ou até mesmo entre diferentes hospitais do mesmo país (Melsen et al., 

2011; Park D, 2005).  

 O diagnóstico da PAV é complexo, devido a critérios que variam de acordo com a 

região (Ego et al., 2015). Contudo, algumas características devem ser seguidas. O 

aparecimento de expectoração purulenta, febre (> 38 ° C), leucocitose (> 10.000 

mm3) ou leucopenia (<4000 mm3), radiografia mostrando infiltrado novos e 

cultura da secreção respiratória (Lorente et al., 2012). 



5 

 

 Existem muitos fatores de risco associados a ocorrência da PAV. Idade avançada, 

predileção ao sexo masculino, aumento do tempo de ventilação mecânica, sedação, 

doenças associadas ao coração e pulmões, regurgitação, aspiração, queimaduras, 

antibioticoterapia prévia, operações invasivas e polimorfismos genéticos (Metheny 

et al., 2011; Wei &Yang, 2019; Wu et al., 2019). 

Várias diretrizes internacionais sobre prevenção da PAV estão disponíveis 

(Rebmann & Greene, 2010; Xie et al., 2019). Os pontos citados como mais 

relevantes na prevenção da PAV se relacionam a minimização do tempo de 

exposição à ventilação mecânica invasiva (Klompas, 2015) e os cuidados intensos 

em higiene oral (Soh et al., 2011). Quanto à minimização do tempo de exposição à 

ventilação mecânica invasiva, o uso de abordagens não invasivas de ventilação é 

incentivado, utilizando, por exemplo, a pressão positiva de duas vias ou pressão 

positiva contínua (Xie et al., 2019) para minimizar sua duração. Protocolos de 

desmame do ventilador, como a interrupção diária da sedação e coordenação com 

um teste de respiração espontânea (Bouadma et al., 2012) ou protocolos de 

cuidados baseados em evidências também podem ser eficazes para encurtar duração 

da ventilação mecânica (Alcan et al., 2016). 

Quanto à higiene oral, estudos pregressos geraram evidências de sua importância 

nos cuidados para prevenção da PAV (Conley et al., 2013; McCue et al., 2019). A 

colonização oral é uma patogênese conhecida da PAV (Jackson & Owens; 2019). 

A placa dental e a colonização de microrganismos são significativas, a partir do 4º 

dia de intubação conferindo um maior risco de PAV (Munro et al., 2006). No 

passado, a colonização oral foi tratada com antibióticos intraorais. Contudo, um 

aumento na resistência a antibióticos resultou em seu desuso, sendo necessária a 

consideração de medicamentos alternativos (Jackson & Owens; 2019). Em 2012, o 

Institute for Healthcare Improvement recomendou a inclusão do cuidado bucal 

diário com CHX para pacientes em ventilação mecânica devido às suas 

propriedades inibitórias na formação de placa dental e problemas gengivais e com 

base em evidências (Institute for Healthcare Improvement, 2012). 

A CHX é um antisséptico de amplo espectro essencial para a saúde em todo o 

mundo (Institute for Healthcare Improvement, 2012). Ela apresenta efeito 
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bacteriostático, atuando na inibição do crescimento bacteriano. Possui também 

efeito bactericida, que resulta na morte das bactérias (Kumar et al.,2017). A CHX 

é uma biguanida catiônica que se liga as paredes celulares bacterianas, alterando 

seu equilíbrio osmótico (Septimus & Schweizerc., 2016). A ação da CHX dar-se-á 

pela interação com a célula ocasionando uma desorientação da membrana 

lipoproteica, uma vez que a CHX apresenta em sua composição grupos lipofílicos 

(Hugo et al., 1964).  

 Como enxaguante bucal, a CHX pode reduzir as colonizações orais (Ellepola et al., 

2013; Jackson & Owens; 2019). Entretanto, embora o controle farmacológico da 

placa dental, por meio do uso de CHX é prática e amplamente aceita entre os 

profissionais de saúde (Vidal et al., 2017), a abordagem química contra o 

acumulado de placa é marginal, uma vez que a placa atua como um biofilme em 

qual a bactéria é consideravelmente menos sensível à antibioticoterapia quando 

comparada a sua forma planctônica (ten Cate, 2006). 

Uma alternativa de potencialização do efeito da CHX é a remoção mecânica de 

microrganismos, que pode aumentar a eficácia dos efeitos da CHX em bactérias 

remanescentes ou em crescimento bacteriano (Kishimoto & Urade, 2007). Escovas 

de dente são consideradas a melhor ferramenta para cuidados bucais mecânicos em 

uma população saudável (Chacko et al., 2017). Estudos demonstraram que para 

controlar as bactérias da orofaringe é necessário a remoção da placa dental, sendo 

a escovação a melhor maneira de remover (El-Solh et al., 2004; Shinn, 2004). 

Outros estudos ainda indicaram que cuidados bucais com um agente antisséptico 

mais escovação dental reduziam a incidência de PAV em comparação com a 

ausência dos mesmos (Mori et al., 2006; Hutchins et al., 2009; Sona et al., 2009).  

Existem vários estudos envolvendo cuidados orais e prevenção da PAV. ainda não 

há  um consenso quanto à melhor técnica, a frequência a ser utilizada e, a escolha 

do agente farmacológico e sua concentração (Chacko et al., 2017, Tantipong et al., 

2008; Long et al., 2012; Vidal et al., 2017; Atashi et al., 2018). Em um estudo 

transversal de Miranda et al. (2016), onde foram avaliados os métodos utilizados 

nos cuidados bucais de pacientes em UTIs, observou-se que apenas a  CHX a 0,12% 

era utilizada em 49,3% das respostas dos profissionais de enfermagem para 
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higienização da cavidade oral, enquanto a associação da CHX a 0,12% com a 

escova de dentes era 11,3% (Miranda et al., 2016).  

É-se comprovado que o uso de CHX em altas concentrações pode causar efeitos 

adversos.  Irritações na mucosa oral (Tantipong et al., 2008) e o desenvolvimento 

da SDR pela sua ingestão (Cutts et al., 2017) complicações relatadas na literatura. 

A SDR é descrita como uma sequela de reações externas, associada a lesões difusas 

alveolares e endoteliais (Cutts et al., 2017) e que em pacientes fragilizados pode ser 

fatal (Hirata & Kurokawa, 2002). Modelos em animais mostraram que 

concentrações sistêmicas mais altas de CHX induziram inflamação aguda no 

pulmão, com hemorragias perivasculares e interalveolares, congestão capilar e 

edema alveolar, além de alterações comportamentais semelhantes às da SDR (Orito 

et al., 2006; Xue et al., 2011).  

O objetivo deste estudo é realizar uma revisão sistemática da literatura para avaliar 

a eficácia da CHX 0,12% versus CHX 0,12% com escovação mecânica na redução 

do risco da PAV em adultos que necessitam de ventilação mecânica em UTIs. 
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Abstract  

Ventilator-associated pneumonia (VAP) is a pulmonary infection that develops in a 

patient on mechanical ventilation for more than 48 hours. It is the most common lower 

respiratory tract infection in mechanically ventilated patients. Oral hygiene is an 

important factor in preventing VAP. Chlorhexidine is an antiseptic with bacteriostatic and 

bactericidal effect, and its effect can be potentiated by mechanical removal of 

microorganisms through toothbrushing. The aim of this study was to compare the efficacy 

of 0.12% chlorhexidine versus 0.12% chlorhexidine associated with mechanical brushing 

to prevent VAP. However, a systematic review of randomized controlled trials was 
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initially performed following the PRISMA-P and Cochrane guidelines. Then, a meta-

analysis was performed with publications that reported the frequency of VAP in the 

interest groups of this study. Initially, 2,337 studies were identified, four of which were 

considered in the systematic review and three in the meta-analysis. The included studies 

had a low risk of bias. All studies considered in the systematic review showed a lower 

frequency of VAP in patients undergoing chlorhexidine-associated oral hygiene protocol 

compared to the exclusive use of chlorhexidine, but in none of them this difference was 

statistically significant. In the meta-analysis, aggregated results revealed that the risk of 

VAP was 24% lower for patients receiving chlorhexidine and toothbrushing compared 

with those receiving CHX alone, but this reduction was not statistically significant either. 

Conclusion: There was convergence of study results regarding the beneficial effect of 

combined use of brushing and chlorhexidine, however the aggregated results of these 

studies did not result in significant difference in VAP frequency. 

 

Keywords: Chlorhexidine, Tooth brushing, Ventilator-Associated Pneumonia. 

 

Introduction 

 

Ventilator-associated pneumonia (VAP) is defined as pneumonia that occurs more than 

48 hours after the onset of mechanical ventilation [1]. It affects 10% to 20% of patients 

who receive more than 48 hours of mechanical ventilation. The diagnosis of VAP requires 

the appearance of purulent sputum, fever (> 38°C) or hypothermia (< 35.5ºC), 

leukocytosis (> 10,000mm3) or leukopenia (<4000mm3), positive bacterial culture of 

respiratory secretion (> 106cfu/mL) , and radiograph showing additional or progressive 

pulmonary infiltrates [2]. 

There are many risk factors associated with VAP, such as older age, male gender, 

increased time on mechanical ventilation, sedation, heart and lung disease, regurgitation, 

aspiration, prior antibiotic therapy and invasive operations [3]. Burns are also a risk factor 

for VAP through pulmonary inflammation from direct lung injury or systemic immune 

dysfunction [4]. Genetic polymorphism related to inflammatory mediators also may cause 

an increased risk of developing VAP, possibly due to ineffective response to bacteria [5]. 
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Oral hygiene by means of a variety of procedures is an important measure to prevent VAP 

[6]. For instance, aspiration of secretions, toothbrushing or dental and mucosal cleansing 

with chlorhexidine (CHX) may reduce the risk of VAP [7]. CHX is a cationic biguanide 

that binds to bacterial cell walls, thus impairing and even perforating the lipoproteic 

membranes [8,9] with bacteriostatic and bactericidal effect, which relates to concentration 

of the substance [10]. Its use for oral hygiene in patients under mechanical ventilation 

reduces the risk of VAP [11-14]. As a mouthwash, CHX reduces bacterial colonization 

in the oral cavity [15,16]. However, the presence of a biofilm in the surface of the teeth 

limits the action of any mouthwash [17]. So, previous mechanical disruption of dental 

biofilm through toothbrushing improves the effect of CHX [18-20] and could therefore 

increases the benefit in preventing VAP [20-22]. 

High chlorhexidine concentrations are associated with adverse effects [23]. Dental 

discoloration and oral mucosa irritation were effects attributed to the use of 0.2% and 2% 

CHX [24]. Lesions in the oral mucosa were also identified. Erosive lesions, ulcerations, 

white / yellow plaque formation, and mucosal bleeding have been observed in patients in 

intensive care units [25]. CHX 0.12% was effective in preventing VAP in surgical patients 

[26].  

The aim of the present study was to compare the reduction of the risk of VAP with the 

use of oral 0.12% chlorhexidine combined with toothbrushing versus exclusive use of 

0.12% chlorhexidine in the prevention of VAP through systematic review and meta-

analysis. 

 

Material and methods 

 

Protocol and registration 

 

This systematic review was performed according to the PRISMA-P (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses) recommendations [27] and the 

Cochrane guidelines [28]. The systematic review protocol was registered into the 

PROSPERO database (CRD [Blinding]). 

 

Study design and eligibility criteria 
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This study was a systematic review followed by a metanalysis based on the PICO strategy, 

aiming to answer the following review question: “Is toothbrushing combined with the use 

of 0.12% CHX (intervention) in patients undergoing mechanical ventilation (population) 

more effective for preventing VAP (outcome) than using only CHX (comparation)?” 

The inclusion criteria were randomized controlled trials that compared oral hygiene using 

0.12% CHX with or without toothbrushing in patients undergoing invasive (tracheal) 

mechanical ventilation. There was no restriction of year or status of publication 

(published, accepted/ahead of print articles).  

Exclusion criteria were studies not related to the objective of the present study, 

participants with less than 18 years of age, non-original works (review articles, editorials, 

books/book chapters), or papers with insufficient data (letters, personal opinions, 

conference abstracts). 

 

Sources of information and search 

 

All steps were performed to minimize selection and publication biases. The PubMed 

(including MedLine), Scopus, Embase, SciELO, Web of Science, Latin-American and 

Caribbean Health Sciences Literature (LILACS), Cochrane and LIVIVO databases were 

used as primary study sources. OpenGrey and Open Access Thesis and Dissertations 

(OATD) were used to access the "gray literature" to avoid bias regarding the lack of 

published negative results. (Figure 1). The MeSH (Medical Subject Headings), DeCS 

(Health Sciences Descriptors), and Emtree (Embase Subject Headings) resources were 

used to select the search descriptors. The Boolean operators "AND" and "OR" were used 

to enhance the research strategy through several combinations. The search strategy is 

detailed in Table 1. The bibliographic research was performed in November 2019. The 

results obtained were imported into the EndNote Web™ software (Thomson Reuters, 

Toronto, Canada for removal of duplicates. The remaining results were imported into 

Microsoft Word™ 2010 (Microsoft™ Ltd, Washington, USA), in which the remaining 

duplicates were manually removed.  

 

Study selection 
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Two independent reviewers [Blinding] were previously calibrated in a sample of 20% of 

the studies and reached adequate inter-examiner agreement. The eligibility review was 

then performed independently by these reviewers, with disagreements solved by 

discussion with a third reviewer [Blinding] to reach a consensus.  

The selection of the studies was performed in two stages. The first stage comprised a 

thorough analysis of the titles and abstracts of the articles. Reviewers were not blinded to 

the names of authors and journals. Studies with titles not related to the topic of interest of 

our review were eliminated in this stage. Titles that met the objectives of our study but 

did not have abstracts available were fully analyzed in the second stage. In the last stage 

the eligible studies had their full texts obtained and evaluated to verify whether they 

fulfilled the eligibility criteria. The references of the eligible articles were carefully 

assessed to check for studies that were not detected in the main search strategy. Excluded 

studies were registered separately along with the reasons for exclusion. 

 

Data collection 

 

After selection, studies were analysed by two reviewers [Blinding], who extracted the 

following information from the articles: identification (author, year, country and research 

location), sample characteristics (number of patients in each study, gender distribution, 

mean age, and the Acute Physiology and Chronic Health assessment – APACHE [29,30] 

and main results (ventilation time, microbiota assessment, VAP incidence, mortality, and 

conclusions). 

In order to ensure the consistency, the reviewers [Blinding] extracted the information 

jointly from an eligible study. Any disagreement was solved through discussion, and 

when both reviewers disagreed, a third one [Blinding] was consulted to make a final 

decision. 

 

Risk of individual bias of the studies 

 

The Joanna Briggs Institute Critical Appraisal Tools for use in JBI Systematic Reviews 

for randomized controlled trials [31] was used to assess the risk of bias and the individual 

quality of the studies selected. Two authors [Blinding] assessed independently each 

domain regarding their potential risk of bias, as recommended by the PRISMA-P 

statement [27]. Each study was categorized according to the percentage of positive 
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answers to the questions corresponding to the assessment tool. Risk of bias was 

considered High when the study obtained 49% of "yes" answers, Moderate when the 

study obtained 50% to 69% of "yes" answers, and Low when the study reached more than 

70% of "yes" score. 

 

Summary measures and syntheses of results (Metanalysis) 

 

Eligible studies that provided sufficient information to calculate the relative risk (RR) of 

VAP for patients that received 0.12% CHX combined with toothbrushing compared to 

patients that received only 0.12% CHX were included in the statistical analyses. A 

metanalysis using random effects model was adjusted in order to estimate a combined 

RR. The heterogeneity between the studies was evaluated using the i2 statistic. A 5% 

significance level was considered for the statistical analyses.  

 

Quality of evidence collection 

 

Quality of evidence and strength of recommendation were assessed with the Grading of 

Recommendation, Assessment, Development, and Evaluation (GRADE) tool with the 

GRADE pro GDT software (http://gdt.guidelinedevelopment.org) [32]. This assessment 

was based on study design, methodological limitations, inconsistency, indirect evidence, 

imprecision, and other considerations. The level of certainty among the identified 

evidence was characterized as high, moderate, low, or very low [32]. 

 

 

Results 

 

Study selection 

 

During the first phase of study selection, 2,337 works were found. No objective-related 

studies were found in the “gray literature”. After removing duplicates, 1,071 papers 

remained for the analysis of titles and abstracts. After a detailed analysis, only four studies 

were eligible for the full text review. The references of these eligible studies were 

evaluated carefully, and no additional article was selected. None of these four studies 
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were excluded for the purpose of qualitative analysis (review). Fig. 1 reproduces the 

process of search, identification, inclusion, and exclusion of articles. 

 

Study characteristics of eligible studies 

 

The studies were published between 2009 and 2017 and were performed in the United 

States [11], Spain [2,33] and Brazil [34]. Sources of information regarding demographic 

and clinical characteristics of the population are available in Table 2. All articles were 

approved by the Ethics Committee of their respective institution or hospital and also 

reported that informed consents were obtained prior to the start of the study. No studies 

followed the CONSORT statement. Half of the included studies reported calibration 

among nurses [33] and dentists [34] who performed oral hygiene procedures. Two studies 

[33,34] presented the registration number of their randomized controlled clinical trial. 

 

Risk of individual bias of the studies 

 

Table 3 shows the risk of bias and individual quality of the studies included in this 

systematic review. All studies [2,11,33,34] presented low risk of bias. One study [2] did 

not provide details about the randomization procedure and allocation concealment. No 

study was blinded because the participants were admitted to intensive care units under 

invasive mechanical ventilation in unconscious state. The questions Q.5 and Q.6 were 

considered "unclear" for three studies [2,11,33] because it was not clear if those delivering 

treatment were aware of the allocation of the participants. The question Q.7 was 

considered "no" for two studies [11,34] because the groups were not treated identically 

according to the intervention of interest. 

 

Outcomes of each study 

 

The VAP incidence rate was mentioned for all but one study, with the exception [11] 

comparing groups with inadequate features to our question. Other outcomes common to 

two or more studies were reported on Table 4. Three studies reported the average days of 

ventilation [2,33,34]. All studies presented positive microbiological tests for VAP 

identification. None of the studies reported mortality rate. 
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Synthesis of meta-analysis 

 

Of the four eligible studies of the systematic review, one [11] was not included due to the 

lack of comparison between intervention and control groups. The summary results of the 

remaining three studies included in the metanalysis [2,33,34], as shown in the Figure 2, 

evidenced a 24% reduction in the relative risk of VAP for patients submitted to CHX + 

toothbrushing, but this effect did not reach statistical significance.  

 

Quality of evidence collection 

 

The quality of evidence from the outcome evaluated by the GRADE tool19 was assessed 

as “Moderate”, which means. The true effect is likely to be close to the estimate of the 

effect, but there is a possibility that it is substantially different. Table 5 shows more details 

about the evaluation of each GRADE tool domain. 

 

 

Discussion  

 

This systematic review of the literature aimed to evaluate the effectiveness of CHX 0.12% 

versus CHX 0.12% with toothbrushing in reducing the risk of VAP in adults requiring 

mechanical ventilation in intensive care units. The results found in the meta-analysis 

showed a non-significant reduction in the incidence of VAP of the CHX + Toothbrushing 

group compared to the group that used only CHX. This reduction in incidence suggest a 

protective effect of toothbrushing associated with CHX use in relation to VAP but must 

be interpreted with great caution.   

The oral cavity microbiota is highly diverse and dynamic, mainly due to the wide variety 

of microbial habitats in the mouth and the changes that can arise in these environments 

due to changes in diet, salivary flow and oral hygiene interventions [35-39]. The oral 

cavity is directly linked to the lower airways, so associations between oral microbiology 

and respiratory infections are often made [40]. Carrilho-Neto et al. (2011) showed a 

reduction in oral hygiene for most hospitalized patients, reporting a positive correlation 
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between dental plaque index and gingival inflammation index [41]. Gingival 

inflammation caused by poor oral hygiene in intubated patients can also cause lung 

inflammation [41-43]. 

Dental plaque and colonization of microorganisms are significant from the 4th day of 

intubation conferring a higher risk of VAP [44]. A study by Sands et al. (2017) revealed 

that the composition of dental plaque in mechanically ventilated patients, in a significant 

proportion (approximately one third), included possible respiratory pathogens S. aureus 

and P. aeruginosa [40]. This information can be corroborated in one of the eligible 

studies. Pobo et al. (2009) reported the association of the pathogens Staphylococcus 

aureus, Haemophilus influenzae, Streptococcus pneumoniae in their study [33]. In 

another study by Sandes et al. (2016), in addition to the presence of Staphylococcus 

aureus, were identified strains of Haemophilus influenzae, an organism associated with 

respiratory infection [45]. Although an opportunistic pathogen, Haemophilus influenzae 

is a common nasopharynx diner [45,46]. 

CHX has a bacteriostatic effect, inhibiting bacterial growth and a bactericidal effect that 

results in bacterial death - the mechanism of action being dependent on solution 

concentration [10]. CHX is a cationic biguanide that binds to bacterial cell walls, altering 

their osmotic balance [8]. The action of CHX will occur by interaction with the cell 

causing a disorientation of the lipoprotein membrane, since CHX presents in its 

composition lipophilic groups [9]. In addition to CHX's bactericidal and bacteriostatic 

potential, toothbrushing has shown promising effects on VAP [47,48]. Disorganization 

of plaque or biofilm that is adhered to the dental surface can be performed mechanically 

and chemically [49]. Brushing assists in the removal of biofilm through brush bristles, as 

mechanical contact can break plaque that is adherent to the tooth surface [50,51]. 

Meinberg et al. (2012) conducted a clinical trial using CHX 2% with and without 

toothbrushing, where the incidence of VAP was 55.8% [12]. Compared to the VAP 

incidence rates among the eligible studies of the present review [2,33,34], there is a 

reduction in VAP development. This result helps support the use of CHX 0.12% in VAP 

prevention care in mechanically ventilated patients. In addition, the use of CHX at high 

concentrations may cause adverse effects such as oral mucosal irritations [52] and the 

development of respiratory distress syndrome (RDS) by ingestion [53]. RDS is described 

as a sequela of external reactions, associated with diffuse alveolar and endothelial lesions 

[54] and which in fragile patients can be fatal [55].  
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VAP is associated with increased length of stay in mechanical ventilation related to high 

patient morbidity and mortality rates, as well as increased hospital costs [55,56]. In any 

of the eligible papers included in the present systematic review, the comparison between 

toothbrushing combined with CHX 0.12% and CHX 0.12% showed no significant 

reduction in mean days of mechanical ventilation [2,33]. This result may show that the 

length of stay in mechanical ventilation is a risk factor that overlaps the VAP prevention 

protocol. This relationship can be identified in one of the eligible studies, in which the 

majority of VAP cases occurred after the fourth day of mechanical ventilation [34]. 

Among eligible articles, it is possible to observe that addition of toothbrushing is not more 

effective in preventing VAP than solely rinsing 0.12% chlorexidine [12,33]. Manual 

brushing added to CHX use does not help prevent VAP among patients on intensive 

mechanical ventilation therapy [2]. However, in the meta-analysis results of this study, 

there was a 24% reduction in the incidence of VAP in the CHX 0.12% + toothbrushing 

group. This result may demonstrate the protective but supporting role of brushing in 

preventing VAP. This conclusion can be corroborated by a study by Yao et al (2011) that 

assessed the risk of VAP using toothbrushing + purified water, showing that the incidence 

of the disease was 34% [57]. Among eligible studies, the incidence of VAP ranged from 

10.32% [2] to 22.4% [33].  

VAP is associated with considerable mortality rates (Wu et al., 2019). A review by 

Wilhemina et al. (2011) showed that attributable mortality resulting from VAP is 

approximately 10%, ranging from 3% to 17% in subgroup analyzes [59]. Corrado et al. 

(2017) evidences in a retrospective analysis a mortality rate attributed to VAP of 21.6% 

of patients [60]. Eligible studies of the present work did not bring VAP mortality rates. 

This may represent an important limitation since the population maintained on 

mechanical ventilation is in critical condition. The cause of death may be related to 

previous morbidity [58]. 

This systematic review and meta-analysis have some limitations. The first is the low 

number of studies included. Second, eligible studies showed a lack of information 

collected, such as patient mortality and overall length of stay in intensive care units. Thus, 

our results should be interpreted with caution and further studies with a standardized 

design are encouraged to confirm the use of 0.12% CHX + toothbrushing in reducing the 

risk of VAP in patients undergoing mechanical ventilation in intensive care units. As a 

strength, our review had a very comprehensive search strategy, including part of the gray 
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literature, and is the first meta-analysis of clinical trials comparing the CHX 0.12% + 

toothbrushing and CHX 0.12% protocols. 

Healthcare professionals should be aware of the benefits of oral hygiene in intensive care 

unit patients in order to reduce the incidence of VAP. The adoption of CHX may represent 

an improvement in the mortality rate of patients on mechanical ventilation and 

consequently an improvement in the patients' quality of life, as well as a reduction in 

hospital expenses. Future research should focus on a single VAP prevention protocol 

using CHX + brushing, as well as improved data collection on total hospital length of stay 

and mortality rate, and an increase in sample size. 

 

Conclusions  

Based on a moderate level of evidence, it was concluded that addition of toothbrushing 

to cleansing with 0.12% CHX in oral care of patients under mechanical ventilation does 

not significantly reduces the risk of VAP. 
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Figures and Tables  

 

Table 1. Electronic databases and applied search strategy. 

Database Search Strategy (November 2019) 

  

PubMed 
https://www.ncbi.nlm.nih.gov/pubmed 

((“Pneumonia, Ventilator-Associated” OR “Pneumonia, Ventilator 
Associated” OR “Ventilator-Pneumonia Associated” OR “Ventilator 
Associated Pneumonia”) AND (“Chlorhexidine” OR “Chlorhexidine 
Gluconate”)) 

  

Scopus 
http://www.scopus.com/ 

((“Pneumonia, Ventilator-Associated” OR “Pneumonia, Ventilator 
Associated” OR “Ventilator-Pneumonia Associated” OR “Ventilator 
Associated Pneumonia”) AND (“Chlorhexidine” OR “Chlorhexidine 
Gluconate”)) 

  

Embase 
http://www.embase.com/ 

('Pneumonia, Ventilator-Associated' OR 'Pneumonia, Ventilator 
Associated'/Exp OR 'Pneumonia, Ventilator Associated' OR 'Ventilator-
Pneumonia Associated' OR 'Ventilator Associated Pneumonia'/Exp OR 
'Ventilator Associated Pneumonia') AND ('Chlorhexidine'/Exp OR 
'Chlorhexidine' OR 'Chlorhexidine Gluconate'/Exp OR 'Chlorhexidine 
Gluconate') 

  
SciELO 

www.scielo.org 
"Pneumonia Ventilator Associated" AND "Chlorhexidine" 

  

Web of Science 
http://apps.webofknowledge.com/ 

((“Pneumonia, Ventilator-Associated” OR “Pneumonia, Ventilator 
Associated” OR “Ventilator-Pneumonia Associated” OR “Ventilator 
Associated Pneumonia”) AND (“Chlorhexidine” OR “Chlorhexidine 
Gluconate”)) 

  
LILACS 

lilacs.bvsalud.org 
tw:(tw:("Pneumonia Ventilator Associated" AND "Chlorhexidine") AND 
( db:("LILACS"))) 

  

Cochrane 
https://www.cochranelibrary.com/ 

((“Pneumonia, Ventilator-Associated” OR “Pneumonia, Ventilator 
Associated” OR “Ventilator-Pneumonia Associated” OR “Ventilator 
Associated Pneumonia”) AND (“Chlorhexidine” OR “Chlorhexidine 
Gluconate”)) 

LIVIVO 
https://www.livivo.de/app 

((“Pneumonia, Ventilator-Associated” OR “Pneumonia, Ventilator 
Associated” OR “Ventilator-Pneumonia Associated” OR “Ventilator 
Associated Pneumonia”) AND (“Chlorhexidine” OR “Chlorhexidine 
Gluconate”)) 

  

OpenThesis 
http://www.openthesis.org/ 

((“Pneumonia, Ventilator-Associated” OR “Pneumonia, Ventilator 
Associated” OR “Ventilator-Pneumonia Associated” OR “Ventilator 
Associated Pneumonia”) AND (“Chlorhexidine” OR “Chlorhexidine 
Gluconate”)) 

  

https://www.cochranelibrary.com/
https://www.livivo.de/app
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Open Access Thesis and Dissertations 
https://oatd.org/ 

((“Pneumonia, Ventilator-Associated” OR “Pneumonia, Ventilator 
Associated” OR “Ventilator-Pneumonia Associated” OR “Ventilator 
Associated Pneumonia”) AND (“Chlorhexidine” OR “Chlorhexidine 
Gluconate”)) 
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Table 2 - Summary of the main characteristics of the eligible studies (all were randomized clinical trials with previous ethical clearance and application of informed consent, 
with patients receiving mechanical ventilation for more than 48h without pneumonia at baseline). 

Author (Year) Country Participants Groups Sex 
Age:  

Mean (SD) 
APACHE, [type]: 
Mean (SD) [26,27] 

Munro et al, (2009) 

[11] 
United 
States 

537 patients 

   [APACHE III] 

Intervention 1: Toothbrushing (three times daily) 
M: 28  
F: 21 

47.9 (17.5) 76.4 (23.3) 

Intervention 2: Toothbrushing (three times daily) + 0.12% CHX (twice daily) 
M: 28  
F: 20 

47.3 (18.8) 76.2 (25.5) 

Control 1: 0.12% CHX/swab (twice daily) 
M: 26  
F: 18 

46.1 (18.2) 80.4 (28.7) 

Control 2: usual care (NR) 
M: 37  
F: 14 

46.8 (16.4) 76.2 (3.3) 

Pobo et al. (2009) 

[33] 
Spain 147 patients 

Intervention: Standard care + toothbrushing (three times daily) 
M: 49  
F: 25 

55.3 (17.9) 
[APACHE II] 

18.8 (7.1) 

Control: Standard care (gauze containing 20mL of 0.12% CHX applied to teeth, tongue, 
and the mucosal surface + 10mL of 0.12% CHX digluconate was injected into the oral 

cavity (three times daily) 

M: 46  
F: 27  

52.6 (17.2) 18.7 (7.3) 

Lorente et al. (2012) 
[2] 

Spain 436 patients 

Intervention: 0.12% CHX ‐impregnated gauze + toothbrushing of the teeth with 0.12% 
CHX (three times daily) 

M: 146  
F: 71  

61 (15.6) 
[APACHE II] 
17.88 (8.84) 

Control: 0.12% CHX ‐impregnated gauze and oral cavity injection only (three times daily) M: 145  
F: 74  

60.4 (16.6) 19.16 (9.88) 

Vidal et a, (2017) 

[34] 
Brazil 213 patients 

Intervention: toothbrushing + 0.12% CHX (twice daily) 
M: 51  
F: 54 

59.4 (14.5) 
[APACHE II] 

21.9 (7.5) 

Control: swab + 0.12% CHX (twice daily) 
M: 54 
F: 54 

63.2 (14.5) 22.2 (7.7) 

SD – Standard Deviation; APACHE – Acute Physiology and Chronic Health assessment; M - male; F- female. 
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Table 3 - Risk of bias assessed by the Joanna Briggs Institute Critical Appraisal Tools for use in JBI Systematic Reviews for randomized clinical trial studies [28].  

Authors Q.1 Q.2 Q.3 Q.4 Q.5 Q.6 Q.7 Q.8 Q.9 Q.10 Q.11 Q.12 Q.13  % yes/risk 

Munro et al. [11] √ √ √ N/A U U -- √ √ √ √ √ √  69.2% / low risk of bias 

Pobo et al. [33] √ √ √ N/A U U -- √ √ √ √ √ √  69.2% / low risk of bias 

Lorente et al. [2] √ U √ N/A U U √ √ √ √ √ √ √  69.2% / low risk of bias 

Vidal et al. [34] √ √ √ N/A √ √ √ √ √ √ √ √ √  92.3% / low risk of bias 

Q.1 - Was true randomization used for assignment of participants to treatment groups?; Q.2  - Was allocation to treatment groups concealed?; Q.3 Were treatment groups similar at the baseline?; Q.4 - Were participants blind to 
treatment assignment?; Q.5 - Were those delivering treatment blind to treatment assignment?; Q.6 - Were outcomes assessors blind to treatment assignment?; Q.7 - Were treatment groups treated identically other than the 
intervention of interest?; Q.8 - Was follow up complete and if not, were differences between groups in terms of their follow up adequately described and analyzed?; Q.9 - Were participants analyzed in the groups to which they 
were randomized?; Q.10 - Were outcomes measured in the same way for treatment groups?; Q.11 - Were outcomes measured in a reliable way?; Q.12 - Was appropriate statistical analysis used?; Q.13 - Was the trial design 
appropriate, and any deviations from the standard RCT design (individual randomization, parallel groups) accounted for in the conduct and analysis of the trial? / √ - Yes; -- - No; U – Uncertain; N/A – Not applicable. 

 

Table 4. Summary of the outcomes of the eligible studies. 

Author VAP Incidence Days Ventilated, mean (SD) Mortality (VAP) Microbiology  

Munro et al. [11] 

IG1: NR /49 
IG2: NR /48 
CG1: NR/44 
CG2: NR /51 

NR NR YES 

Pobo et al. [33] 
IG:15/74 
CG:18/73 

8.9 (5.8) 
9.8 (6.1) 

NR YES 

Lorente et al. [2] 
IG: 21/217 
CG: 24/219 

9.18 (14.13) 
9.93(15.39) 

NR YES 

Vidal et al. [34] 
IG:17/105 

CG: 28/108 
8.7 (5.0) 

11.1 (7.6) 
NR YES 

IG- intervention group; CG- control group. 
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Table 5. Grading of Recommendations Assessment, Development, and Evaluation (GRADE) Summary of Findings Table for the Outcomes of the Systematic Review and 
Meta-Analysis [29]. 

Is toothbrushing combined with the use of 0.12% CHX in patients undergoing mechanical ventilation more effective for preventing VAP than using only CHX? 

Quality Assessment                  Summary of Results Importance 
Number 

of 
studies 

Study 
Design 

Methodological 
Limitations 

Inconsistency Indirectness Imprecision Other 
considerations 

Number of 
participants  

Effect General 
Quality 

Intervention Control Random 
 RR 

(95% 
CI) 

3 Randomised 
trials 

Serious1 Not serious Not serious Not serious none 396 401 0.76 
(0.55 – 
1.06) 

⨁⨁⨁ 
Moderate 

Critical 

GRADE Working Group grades of evidence 
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect. 
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is 
substantially different. 
Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect. 
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect. 
¹ There is limitation regarding the blindness of the participants, of those delivering treatment and of outcomes assessors. 
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Figure 1. Flowchart of the process of literature search and selection adapted from the PRISMA 

statement. 
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