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Abstract

Objective: Ventilator-associated pneumonia is considered major pneumonia, which develops in the intensive care
unit patients following mechanical ventilation for about two days. This study reviews oral care and chlorhexidine
effect on ventilator associated pneumonia occurrence.

Methods: A critical review approach was adopted where publications from 2007 to 2017 were considered. These
publications were gathered from electronic searches through the different databases, for instance, MEDLINE,
EMBASE, CINAHL, and Cochrane Library. This protocol was used for the selection of the studies and their
analysis.

Results: The review showed that 0.12% Chlorhexidine use assists in reducing bacterial growth. It also suggests
that the use of affirmative outcomes for mechanically ventilated patients, including improved patient outcomes,
decreased in the duration of the patients’ hospital stays, and reduced health care cost.
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1. Introduction

Studies have shown that ventilator-associated pneumonia (VAP) accounts for nine to forty percent of the infections
in ICU (Intensive Care Unit) (Torres et al., 2017; Wei & Yang, 2019). De Lacerda Vidal et al. (2017) stated that
VAP occurrence is related to the increased hospital stay, enlarged hospital expenditure as well as higher mortality
and morbidity rate. International Nosocomial Infection Control Consortium (INICC) epidemiological study
reported that VAP incidence accounts for medical surgical ICUs is 13.1 in 100 mechanical ventilator-days, while it
is 9.02 for NICUs (Rosenthal et al., 2016). Empirical evidence highlights massive VAP costs in the US and Europe,
costing about $20,000 (Asehnoune et al., 2014; Wei & Yang, 2019). This shows the significance of clinical
analysis of VAP incidence and is viewed as a strategy for improving ICU care.

Most studies highlight VAP as a substantial risk factor, which is linked to curarization and sedation, heart,
regurgitation, aspiration as well as the lung-associated disease (Sousa, Ferrito, & Paiva, 2018; Torres et al., 2017;
Wei & Yang, 2019). ICU patients also report pathological changes in the oral cavity, which include periodontal
disease relief, relief from periodontal disease, oral mucosal lesions, dryness of lips and mucous membranes, fungal
infections, increased biofilm on the oral surface, and more (Wei & Yang, 2019). Also, critically ill patients rely on
others to ensure their oral hygiene. The oral health of these patients substantially deteriorates in case adequate care
is not provided. The outcome of ineffective care includes the dental plaque colonization of microbial pathogens,
which might be causative of respiratory infections (Hua et al., 2016).

For the majority of ICU treated patients, mechanical ventilation is necessary as they are unable to breathe on their
own (Mauk, 2010). This life-preserving technique requires a pump outside the body, which provides oxygen to the
lungs. This process is open to microbial contamination, which can cause infections and prolong hospital stays. The
risk for the VAP is higher for ventilator patients which results in the transfer of bacteria to the respiratory tract
through the endotracheal tube (Munro & Grap, 2011). As a part of the oral cavity’s normal flora, microorganism,
and dental plaque develops a perfect environment for the growth of microbial. Wunsch et al. (2010) reported that
individuals over 65 years of age comprise 52.2 percent of the ventilated patients as well as co-morbid conditions
which reduces the survival rate.
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Ventilator-associated pneumonia is one possible complication for ventilated patients. For reducing the VAP
occurrence, and thus raise patient survival rates, a VAP bundle can be employed, consisting of chlorhexidine use;
toothbrushing; raising beds to a 30-degree angle, or greater; replacing nasogastric tubes with oral gastric tubes, and
sedation vacations (regular periods of reduced sedation). A critical literature review is provided regarding oral care
efficacy and chlorhexidine gluconate (CHX) as a method of reducing VAP in ventilated treated patients.

2. Methods
2.1 Study Design and Sample

A qualitative study design is used, where a critical review approach is applied. Accordingly, the articles for review
were selected, which ranged from 2007 to 2017. These articles were selected from reliable sources, including
MEDLINE, EMBASE, CINAHL, and Cochrane Library. The researches also accessed the relevant guidelines,
policies as well as governmental publications along with national and international published statistics. World
Health Organization reports were also consulted.

2.2 Studies Selection

The selection of the articles was based on the determined inclusion and exclusion criteria (Table 1). Only primary
sources in English that involved adult ICU patients and were published between 2007 and 2017 were included in
this review. Papers meeting these criteria could be considered, regardless of the experimental design implemented
therein.

Table 1. Study Inclusion and Exclusion Criteria

Criteria Inclusion Criteria Exclusion Criteria
Randomized Controlled Trials (RCTs) Case Report
) Clinical Trials Blogs
Design
Prospective Studies Case Series Studies

Retrospective Cohort Studies

Time Ranging from 2007 to 2017 Older than 2007

Language English Articles other than English

Type of Intervention Have been conducted on individuals Have been conducted on animals
Follow-up Time At least two years > two years

2.3 Study Search

A literature review was conducted utilizing several databases, including MEDLINE, EMBASE, CINAHL, and
Cochrane Library. The researcher also used various keywords for deriving the relevant articles from the databases.
The research was performed using the search strategy that included ‘Dental plaque’ OR ‘oral care’ OR ‘tooth’ OR
‘plaque’ OR ‘mouth care’ OR ‘Chlorhexidine Gluconate (CHX)’ OR ‘toothbrushing” OR ‘oral”’ AND any word =
(‘ventilator-associated pneumonia’ OR ‘ventilator acquired pneumonia’) AND any word = ( ‘ICU’ OR ‘Intensive
care’ OR ‘ITU’ OR ‘ventilator’ OR ‘ventilation’ OR ‘MV’ OR ‘intubated’ OR ‘mechanical’). The search of the
databases yielded successful results; however, additional references were identified through a search of Google
Scholar and websites for professional organizations, including the Intensive Care Society and critical care.

3. Background

The 2008 guidelines of the National Institute for Health and Clinical Excellence (NICE) were used. Besides this,
the National Patient Safety Agency (NPSA) guidelines were also used. This promotes the use of CHX for oral care,
as part of the VAP care bundle. It highlights the administration of CHX as an ointment or in a solution, with
broad-spectrum antibacterial action. The formation of bacterial colonies on the surface of the teeth is referred to as
dental plaque. The plaque has a sophisticated and continuously changing conformation and expands across the
surface of the teeth in the absence of mechanical disturbance (Fourrier et al., 2010). Aspiration can move these
bacteria down the respiratory tract and into the lungs; this leads to pneumonia (Scannapieco, 2007; Grap et al.,
2011). However, the link between oral hygiene and VAP incidence has not been fully explored (Grap, 2009), as
only a few studies have reported successful limitations of VAP (Munro et al., 2009). The bacteria responsible for
VAP have been identified in dental plaque (Munro et al., 2009), which suggests that the presence of plaque
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increases the VAP risk.
4. Critical Appraisal of the Literature
4.1 Chlorhexidine versus Brushing Teeth

The first research reviewed investigated VAP avoidance through the use of Chlorhexidine and teeth brushing.
Munro et al. (2009) performed a study to assess whether two methods of oral care, i.e., brushing teeth and a 0.12%
solution of Chlorhexidine, decline VAP risk within the initial seven intubation days for ventilated patients. These
participants were ICU adults who were critically ill and had been intubated within 24 hours of admission. It
recruited 547 patients and randomly assigned them to four groups. This study used a clinical randomized
controlled trial, a 2x2 factorial design. Grove et al. (2013) argue that this design type is most effective for
determining the value of interventions given its minimization of the potential bias. Correspondingly, following the
design correct implementation, it serves as a benchmark for testing health care intervention effectiveness.

In Munro et al. (2009) study, participants were divided randomly into four groups, where one group was given a
0.12% solution Chlorhexidine oral swab two times per day (n=119); some had their teeth brushed three times per
day (n=113); some had a mixture of toothbrushing and Chlorhexidine (n=116), and one was a control group
(n=123). For determining ventilator-associated pneumonia, Clinical Pulmonary Infection Score (CPIS) was used.
The sample size was determined statistically. Polit and Beck (2012) observed that this is a strength in research as it
is considered essential in quantitative research to realize a statistical sample size. The collection of data was held
from the day of admission until intubation seventh day, or when the patient was extubated (Munro et al., 2009). It
must be noted that results from unexpected early extubations; the sample size was reduced between days five and
seven, which makes drawing strong conclusions. Subsequently, the researchers implemented the data for up to day
three, only for an evaluation of their investigation’s outcomes.

These outcomes showed no major difference concerning the VAP development between the Chlorhexidine (P =.29)
and toothbrushing (P=.95) groups, in comparison to the Chlorhexidine group alone. The intervention’s failure to
create statistically significant effects may be the result of an insufficiently large sample size, which, as Polit and
Beck (2010) note, is necessary to identify significant effects of interventions. However, the study demonstrated
that twice daily application of 0.12% Chlorhexidine with an oral swab significantly decreases the VAP incidence
by day three (CPIS >6) for the patients that had CPIS level of <6 at baseline (P = .006). Tooth-brushing did not
affect CPIS, neither it enhances the effect of chlorhexidine (Munro et al., 2009). The study strength includes its’
increased toothbrushing to evaluate alternative methods to decrease the incidence of VAP. The random selection of
the sample adds additional strengths to the results (Creswell, 2009). However, the study improved as initially there
were only 547 patients, and by day three, only 249 patients remained intubated. Roberts & Moule (2011) also
showed that VAP reduced as a result of chlorhexidine, where the effectiveness of brushing teeth was found to be
low. Whereas, Khan et al. (2017) study, with a follow-up period of two months, reported a reduction of the
ventilator-associated pneumonia risk through thrice-daily oral care using a toothbrush and 0.2% chlorhexidine
gluconate. However, the small follow-up period serves as a weak point.

De Lacerda Vidal et al. (2017) study also compared the two using a prospective, randomized trial. It included 213
patients that were admitted in the critical care unit, which were distributed into two groups; 108 to control group
and 105 to the intervention group. The results showed no statistically significant results for the use of 0.12%
chlorhexidine gel and toothbrushing. The same results were also found for the length of stay at ICU as well as
mortality rate.

4.2 Chlorhexidine Oral Swab

The randomized study of Ozcaka et al. (2012) was considered which conducted a double-blind, controlled
experiment to investigate the efficacy of a 0.2% Chlorhexidine gluconate (CHX) with an oral swab reduces the
incidence of ventilator-associated pneumonia in ICU patients. Through the statistical determination of the sample
size (Creswell, 2009), examined sixty-one patients who were mechanically ventilated with predicted ventilation
for at least 48 hours after admission. Polit and Beck (2010) note it as a strength of this research. In this intervention
group, twenty-nine patients were given a 30ml oral swab of 0.2% Chlorhexidine gluconate four times a day.
Whereas, the control group consisted of thirty-two patients with an oral swab of normal saline. Moule and
Goodman (2014) assert that study validity depends on the randomization of the intervention and control of patient
groups.

Parahoo (2014) argues that one method of eradicating bias is to use a computerized randomization system. In
contrast, Burns and Grove (2010) produced a rigorous list of inclusion, and exclusion criteria propose a similarity
between the two groups share characteristics concerning the factor of prognosis. It used clinical periodontal
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measurements and specimens from the lower respiratory tract for further analysis after the detection of the initial
VAP stages (Ozgaka et al., 2012). It found that control group had significantly higher VAP (68.8%) when compared
with the chlorhexidine group (41.4%); (p = 0.03) with an odds ratio of 3.12 [95% confidence interval = 1.09-8.91]
(Ozgaka et al., 2012). The study strength is its use of randomized, double-blind, controlled study methods to divide
the patients into different groups. This avoided bias, given the lack of background knowledge about the patients
and their diseases. However, small size serves as its weak point, with only sixty-one patients. This affects the
results’ reliability because it leads to higher variability and biases (Parahoo, 2014). Therefore, additional studies
with larger samples are needed to validate the findings.

A third analysis is of Sona et al. (2009), an observational post-intervention group study of 12 months conducted
from 2004 to 2005. The focus of this study was on the implementation of oral care protocol. For this, the researcher
studies the pre-intervention group for determining the infections number concerning the ventilator days. The study
considered the protocol for oral care, comprising of chlorhexidine on VAP for the surgical intensive care unit
(SICU) patients that were mechanically ventilated. This study excluded patients with CHX allergies or mouth ulcer.
It included mechanically ventilated patients; whose comparison was held following the implementation of the oral
protocol. This was carried out at a university-associated teaching hospital named Barnes-Jewish Hospital.

The pre-intervention group included 777 mechanically ventilated patients while 871 mechanically ventilated
patients were present in the post-intervention group. This sample size is determined statistically and is explicitly
stated. According to Polit and Beck (2012), this serves as a study strength given its significance to realize a
statistical sample size in quantitative studies. Nonetheless, as Polit and Beck (2012) note, it as a weakness as no
detailed explanation of sample selection is given. Throughout the study, an infection control team followed the
study patients, which tracked VAP using the National Nosocomial Infections Surveillance System (Sona et al.,
2009).

The RN (Registered Nurses) and the units’ physicians were trained. The training of the two clinical nurse

specialists (CNSs) was held who trained the remaining staff as well as monitored the study. As per the protocol, the

teeth were cleaned after every twelve hours for at least one to two minutes using a toothbrush and paste. The

toothpaste comprised of sodium monoflurophosphate 0.7%. Following the teeth brushing of the patients, the oral

cavity was rinsed using tap water (in an irrigating syringe), following patients’ mouth suction. Lastly, CHX (15mL)
was applied with the help of a foam sponge. The statistical significance (p-value) was found to be 0.04. This shows

the reduction in the VAP infection rate for the pre-intervention and the post-intervention periods (Sona et al.,

2009).

The second last research study was illustrated by Garcia et al. (2009) which assessed the implementation
consequences of comprehensive oral and dental care systems on the VAP rate. Patients (n=759) who were 18 years
of age or above, with hospitalization between January 1, 2001, and December 31, 2004, and to a 10-bed medical
intensive care unit (MICU) were included in case they were intubated for over 48 hours. The sampling type was
convenience sampling, but the researchers do not clearly state this. Convenience sampling is the least effective
non-probability sampling type (Gerrish and Lathlean, 2015). Also, a convenience sample affects the
generalisability of the results as the sample may not be representative of the population as a whole due to the lack
of randomization (Ary et al., 2009). Patients in the research were assessed for the incidence of VAP until (i)
patients, in the MICU, were weaned off from mechanical ventilation, (ii) a period of 48 hours after their transfer,
and/or (iii) their death. These were used as the regulated treatment protocols for the four years. This comprised
weekly change in the ventilator circuit, daily replacement of heat moisture conversation apparatus, a closed
suctioning system, 30-degree angling of the bed head, prevention of peptic ulcer disease; and a vigorous weaning
procedure. No chlorhexidine was orally delivered.

From January 1, 2003, and December 31, 2004 (intervention phase), application of an inclusive oral and dental
care system was done (Garcia et al., 2009). This system reduced oral cavity accumulation through secretions
control following the endotracheal tube insertion, in addition to plaque reducing on teeth surface. The
methodology of this procedure involved oropharyngeal suctioning in every 6 hours; tissue and gums oral cleaning
every 4 hours or as required; and brushing of teeth twice a day. The findings showed that in the intervention phase,
VAP incidence declined to about 33.3%. Following the oral care regimen implementation, mechanical ventilation
and stay length decreased.

Sharif-Abdullah et al. (2016) also assessed the effectiveness of chlorhexidine for the routine oral care concerning
edentulous geriatric inpatients. It conducted a Brief Oral Health Status Examination following an oral swab, which
lasted for seven days. It shows that the use of Chlorhexidine helped reduced the oral colonization in contrast to the
routine oral care using thymol (p <0.001). Garcia et al. (2009) four-year study yielded four significant findings. It

33



gjhs.ccsenet.org Global Journal of Health Science Vol. 14, No. 2; 2022

showed decline in VAP probability and incidence through the multidimensional procedure application that
comprises a daily oral appraisal combined with methods and tools specially designed for reducing oral bacteria in
the subglottic region and on the teeth while stating that infection can be prevented and maintained for substantial
periods. It also found that despite the standard use of other evidence-based interventions, such as elevating the
head of the bed, and prophylaxis of stress ulcers, zero occurrences of VAP was not observed before the
implementation of this unique procedure. It revealed that a comprehensive program of oral-dental care reduces the
time for mechanical ventilation, i.e., 7.2 days to 5.1 days. In Garcia et al.’s study, it would have been beneficial to
assess the patient’s outcomes randomly. In an intensive care unit, the patient’s nature varied, and increasing
probability for extenuating circumstances, such as emergent intubation. Overall, though, the findings of this study
support the fact that oral care regiment reduces and prevents VAP.

5. Recommendations

One way to implement these findings is to educate staff and raise awareness of the significance of oral care and the
application of 0.12% Chlorhexidine, particularly to patients on ventilators. To suitably apply the evidence-based
research and recommendations, every ICU’s unit educator needs to use evidence-based oral care by educating
nurses to implement 0.12% Chlorhexidine for any patient on a ventilator (Cason et al., 2007). Charge nurses
should also ensure that employees and departments are implementing vigorous standards of oral care by applying
0.12% Chlorhexidine to mechanically ventilated patients. If nurses and staff have a strong awareness of VAP and
what leads to it, and their skills are contemporary, this will enable them to adhere to hospital procedures. Gupta et
al. (2016) also recommend that interventions for the e4stablishing the significance of oral care must be established
among nurses for improving patients’ quality of life, resulting in reducing financial recourses.

Furthermore, nurses need to develop evidence-based approaches for the daily care of patients on ventilators. As the
use of 0.12% Chlorhexidine for mechanically ventilated patients in ICUs has demonstrably decreased the
incidence of VAP, healthcare professionals should start to implement contemporary methods to avoid
complications (Babcock et al., 2013). Thus, it is recommended that ventilated patients should receive oral care
involving 0.12% Chlorhexidine.

It can be stated that ensuring the utmost treatment quality of the patient is the responsibility of the nurse. In case no
policies exist for VAP, the nurses should stand for its application using the best evidence-based approach. Also,
they must continuously engage in learning activities and enrich their knowledge for improving the patient’s
outcomes. Besides, acritical care units should implement protocols and drastic measures for detecting ventilated
patients and treating VAP.

6. Conclusion

This critical review depicted that the development of ventilator-associated pneumonia (VAP) significantly reduced
in cases where 0.12% Chlorhexidine is applied to mechanically ventilated ICU patients. The reviewed studies
presented that oral care with 0.12% Chlorhexidine can decrease the occurrence of bacterial growth. Also,
implementation of good oral care has affirmative outcomes for mechanically ventilated patients, such as
improving patient outcomes, decreasing the lengths of patients’ hospital stays, and decreasing the cost of health
care. In fact, in certain other countries, a higher concentration of Chlorhexidine is used (0.2%), but due to the Food
and Drugs Administration (FDA) regulations, only 0.12% Chlorhexidine is recommended. Future studies are
needed to assess the exact ways in which 0.12% Chlorhexidine prevents VAP, using more controlled trials and
larger population groups.
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