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Introduction

Abstract

Introduction: Oropharyngeal colonization with pathogenic organisms contributes to the
development of ventilator-associated pneumonia (VAP) in intensive care units (ICUs). Oral
hygiene care (OHC) is a very effective method for reducing the risk of VAP in these patients.
This study aimed to evaluate recent OHC strategies to decrease VAP.

Methods: Randomized clinical trials (RCTs) published in the PubMed, Scopus, Embase,
Cochrane Library, and Web of Science databases from inception to September 10, 2020 were
reviewed to compare the effects of selective oropharyngeal decontamination (SOD) on the
incidence of VAP in adult patients requiring mechanical ventilation.

Results: Out of a total of 1098 articles reviewed, 17 eligible studies were included for final
analysis. The results showed that the use of chlorhexidine for oropharyngeal decontamination
reduces the incidence of VAP. However, it had a small effect on gram-negative resistant bacteria.
Also, it was observed that the combined use of colistin and chlorhexidine was more effective
than chlorhexidine alone in preventing VAP. The results of studies on the use of toothbrushes to
reduce the incidence of pneumonia are unclear since they used chlorhexidine at the same time.
However, tooth brushing is one of the best ways to maintain oral hygiene. Using povidone-
iodine, Nanosil, and non-absorbable topical antibiotics reduced the incidence of VAP, while
Iseganan did not show a significant effect in this regard.

Conclusion: The prophylactic use of topical bactericidal agents in critically-ill patients is effective
in reducing the incidence of VAP. However, the use of non-absorbable topical antibiotics is
more effective than other methods in oropharyngeal decontamination.

likelihood of dry mouth. Thus, mouth rinsing and dental

Among different complications, ventilator-associated
pneumonia (VAP) is the most common nosocomial
infection (NI) that occurs in the intensive care unit (ICU)
and affects nearly 5 to 40% of patients with mechanical
ventilation.! Previous studies described the incidence
of lung infection within 48 hours after the admission
and artificial airway placement as VAP.** The aspiration
of oropharyngeal organisms into the distal bronchial
lumen is one of the most important mechanisms in the
development of VAP>¢ Intubation and critical illness
reduce oral immunity, may be associated with mechanical
injury of the mouth or respiratory tract, and increase the

plaque removal are effective nursing care for reducing
the bacterial load in the mouth. However, the presence
of the endotracheal tube makes it difficult to have access
to the oral cavity for appropriate oral care.” Therefore, it
is essential to use antiseptic agents or topical antibiotics
to reduce the bacterial load of the oral cavity.'” However,
the relationship between oral hygiene and the reduction
of oropharyngeal colonization with pathogenic organisms
is rarely recognized." Previous systematic reviews
recommend oral cavity disinfection with chlorhexidine
for patients at risk of VAP.!'> These reviews overlooked
the type of microorganisms and their drug resistance.
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Aerobic gram-negative bacteria are the most common
cause of VAP microorganisms in the ICU."”* Some studies
showed that chlorhexidine has a relatively unknown effect
on gram-negative bacteria.”*!* For selective oropharyngeal
decontamination (SOD), antiseptic agents or topical
antibiotics should be used with the least destructive effect
on the normal flora and a highly destructive effect on the
abnormal bacteria, such as gram-negative aerobic basil.?
Some studies recommend using non-absorbable topical
antibiotics such as polymyxin, neomycin, and colistin
mixed with antifungal agents either in a solution or paste
for the oropharyngeal cavity to prevent VAP Topical
antibiotics should not be widely used as there would be
a risk of antibiotic-resistant organism development."” In
contrast to antibiotics, antiseptics act rapidly at multiple
target sites and may be less prone to the induction of drug
resistance.'* However, the best substance for oropharyngeal
decontamination to prevent VAP with a good effect on
pathogenic organisms is controversial, and numerous
studies have shown that different organisms cause VAP
in a critical care environment and have different patterns
of resistance and sensitivity to similar organisms in other
environments.'”** Therefore, it is necessary to conduct
a systematic review that not only determines the effects
of antiseptic agents or topical antibiotics on the rate of

Table 1. Search parameters

VAP but also show the type of growing organisms so that
health care providers could make decisions based on the
type of common organisms in their environment and
their pattern of antibiotic resistance or sensitivity. The
antiseptic agent types should be identified for use in oral
hygiene. Therefore, this systematic review seeks to find
the best method of oropharyngeal decontamination to
prevent VAP.

Materials and Methods

The current systematic review was conducted based on
the preferred reporting items for systematic reviews and
meta-analyses (PRISMA).

The primary objective was to investigate the effects of
oropharyngeal decontamination in the prevention of VAP,
while the second one was the evaluation of the effects of
disinfectant agents on pathogenic organisms.

We searched articles indexed in the databases of
PubMed, Scopus, Embase, Cochrane library, and Web
of Science without publication date restriction from the
inception of each database until September 10, 2020
(Table 1).

The inclusion criteria were: 1- Original articles with
randomized clinical trials (RCT) design in the English
language, 2- Studies with at least two groups to compare

Database Parameters

Filters Articles retrieved

Sep 10, 2020

("decontamination"[MeSH Terms] or "decontamination" [all fields]) or "oral hygiene"[all
fields]) or "oral rinse" [all fields]) or "oral decontamination"[all fields]) or "selective oral

PubMed

decontamination"[all fields]) and ("oropharynx"[mesh terms] or "oropharynx"[all fields])) or None 580

("oropharynx"[mesh terms] or "oropharynx"[all fields] or "oropharyngeal[all fields])) and

(vaplall fields] or (("VAP"[all fields] or vapl[all fields])

('Selective oral decontamination' or (selective and oral and ('decontamination'/

Embase

exp or decontamination)) or 'oral Decontamination':ti,ab,kw or 'oropharyngeal

None 104

Decontamination':ti,ab,kw or 'oropharynx Decontamination':ti,ab,kw or 'mouth

hygiene':ti,ab,kw) and 'VAP":ti,ab,kw or 'VAP":ti,ab,kw)

(TITLE-ABS-KEY (decontamination) or TITLE-ABS-KEY ("oral hygiene”) or TITLE-ABS-KEY

("oral rinse") or TITLE-ABS-KEY ("oral decontamination") or TITLE-ABS-KEY ("selective oral
decontamination") and TITLE-ABS-KEY (oropharynx) or TITLE-ABS-KEY (oropharyngeal) and

Scopus

TITLE-ABS-KEY ("VAP") or TITLE-ABS-KEY (VAP))

None 125

Web of

science ("VAP") or TOPIC: (VAP)

("Selective oral decontamination") or TOPIC: ("oral hygiene") or TOPIC: ("oral rinse") or TOPIC:
("oral decontamination") and TOPIC: (oropharynx) or TOPIC: (oropharyngeal) and TOPIC: None 255

Decontamination 789
#2 "Oral hygiene" 3765
#3 "Oral rinse" 250
#4 "Oral decontamination" 45
Cochrane #5 "Selective oral decontamination" 8
library #6 #1 or #2 or #3 or #4 or #5 4729
#7 Oropharynx 2135
#8 Oropharyngeal 2536
#9 #7 or #8 3941
#10 "VAP" 1341
#11 #6 and #9 and £10 34

None 34
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the effects of any types of antibiotics or antiseptics (with
placebo, routine care) for oropharyngeal decontamination,
3- Reporting the incidence of VAP or determining the
type of the microorganism in oral and tracheal secretions,
and 4- Studies conducted on adults over 16 years under
mechanical ventilation.

The exclusion criteria were: 1- Clinical trials on the
selective decontamination of the digestive tract, 2-
Observational studies, 3- Non-English studies, 4- Articles
on patients below 16 years of age, 5- Articles with no
full-text availability, 6- Abstracts of studies presented in
congresses, seminars, and conferences, and 7- Letters to
the editor-in-chief and short reports and case reports. It
should be noted that some retrieved articles were reviewed
and removed in several steps.

The prophylactic application of any type or combination
of antibiotics or antiseptics in the oropharynx to the
duration of undergoing mechanical ventilation and
hospitalization time was systematically investigated
in four steps within the PRISMA model to search the
articles. Drawing on the above-mentioned keywords, a
total of 1098 articles were retrieved; then, 957 studies were
obtained after removing the duplicate ones. The titles
and abstracts of the given articles were then reviewed;
those related to oral decontamination patients admitted
to ICUs were selected. Finally, 17 articles remained for

Table 2. The Jadad scale for quality assessment of included trials

the analysis with a focus on the effect of oropharyngeal
decontamination on the incidence of VAP with respect to
the research objectives as well as the consideration of the
inclusion and exclusion criteria.

Two independent reviewers screened all the titles and
abstracts for inclusion. Then, we independently assessed
each selected reference for detailed evaluation. The two
reviewers also independently abstracted relevant clinical
trial characteristics, and disagreements were resolved
by discussion and consensus with the third author. The
two reviewers independently appraised the quality of
the clinical trials, including randomization, allocation
concealment, blinding techniques, clarity of inclusion and
exclusion criteria and outcome definitions, withdrawals,
and dropouts assess adverse effects and completeness of
follow-up based on the criteria proposed in the scale of
Jadad et al., ° for clinical trial quality assessment (Table 2).

Results

A total of 1098 articles were initially retrieved through
searching based on the above-mentioned keywords. Then,
957 articles remained after the exclusion of duplicate ones.
The titles and abstracts of the articles were also reviewed,
selecting those relating to oropharyngeal decontamination
patients admitted to ICUs. Finally, by focusing on the
effect of oropharyngeal decontamination on the incidence

Author/s, year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Total
Pugin et al.,*' 1991 Y ND Y Y Y Y Y Y 7
DeRiso et al.,*? 1996 Y Y Y Y N Y N Y 6
Bergmans et al., * 2001 Y ND Y Y Y Y N Y 6
Fourrier et al., 2 2005 Y Y Y Y Y Y N Y 7
Kollef et al.,> 2006 Y Y Y Y Y Y Y Y 8
Seguin et al.,?* 2006 Y Y N N Y Y N Y 5
Koeman et al.,”” 2006 Y Y Y Y Y Y N Y 7
Segers et al., ¢ 2006 Y Y Y Y Y Y Y Y 8
Bellissimo-Rodrigues et al.,?* 2009 Y Y Y Y Y Y N Y 7
Munro et al., *° 2009 Y Y Y Y Y Y N Y 7
Ozcaka et al.,*' 2012 Y Y Y Y Y Y N Y 7
Haghighi et al.,*> 2016 Y ND N ND ND Y N Y 3
Nasiriani et al.,** 2016 Y Y Y Y Y Y N Y 7
Fernanda de Lacerda Vidal et al.,** 2017 Y Y Y Y Y N Y 7
Zand et al.,* 2017 Y Y N Y Y Y Y 6
Chacko et al.,** 2017 Y Y Y ND Y Y N Y 6
Khaky et al.,*” 2018 Y ND Y ND Y Y N Y 5

Q1 = Was the research described as randomized?

Q2 = Was the approach of randomization appropriate?

Q3 = Was the research described as blinding?

Q4 = Was the approach of blinding appropriate?

Q5 = Was there a presentation of withdrawals and dropouts?

Q6 = Was there a presentation of the inclusion/exclusion criteria?
Q7 = Was the approach used to assess adverse effects described?
Q8 = Was the approach of statistical analysis described?

Y: Yes, N: No, ND: Not described.
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of VAP based on the research objectives and considering
the inclusion and exclusion criteria for further analysis,
seventeen articles remained (Figure 1).

The main outcome of the current study was the
incidence of VAP in patients receiving oropharyngeal
decontamination, and seventeen articles reviewed and
reported the rate of VAP (Table 3).

The secondary outcome of the current study was oral
and tracheal colonization; nine papers measured the
bacterial colonization with bronchoalveolar lavage and
mini- bronchoalveolar lavage.

A study examining the effect of Iseganan on
oropharyngeal decontamination demonstrated that the
distribution of bacterial pathogens causing VAP was
similar in the two groups; Candida species. Were more
frequently identified in the placebo group as compared
to the Iseganan group. Oral cultures at the beginning
and end of the study showed a greater reduction in total
aerobes for Iseganan patients as compared to placebo
patients, but no difference was found in the reduction
of total gram-negative organisms and Staphylococcus
Aureus between the groups.® Also, another clinical trial
analysis of the gram’s stains of organisms involved in
total respiratory tract infections disclosed a clinically-
significant reduction in gram-negative respiratory
tract infections in the chlorhexidine-treated patients.?
Seguin et al., used povidone-lodine for oropharyngeal

Records identified through

decontamination; most organisms responsible for early
and late VAP were gram-positive, such as Staphylococcus
aureus and Streptococcus pneumonia.’® However, another
study employed chlorhexidine for oropharyngeal
decontamination and found that gram-negative bacilli with
multidrug resistance were the most frequent cause of VAP.*
A clinical trial investigating the effect of chlorhexidine,
chlorhexidine/colistin, and colistin on endotracheal
colonization demonstrated that chlorhexidine and
colistin had similar effects on the control of gram-
positive bacteria, while the combination of chlorhexidine/
colistin was more effective in gram-negative bacterial
colonization.” A clinical trial utilized chlorhexidine
in oropharyngeal decontamination and observed that
most of the organisms causing VAP were gram-negative
organisms, such as Enterobacter, Acinetobacter, and
Klebsiella.”* A trial conducted a long time ago employed
Polymyxin, Neomycin, and Vancomycin and significantly
reduced the rate of pneumonia caused by aerobic gram-
negative bacilli and gram-positive organisms.” Another
clinical trial reported that most of the organisms observed
in cultured tracheal secretions in chlorohexidine and
placebo group were gram-positive, such as Haemophilus
species, and Staphylococcus species, whereas gram-
negative bacteria, such as Moraxella species, Pseudomonas
species, Klebsiella species, Enterobacter species, and
Escherichia coli accounted for a very small portion of

PubMed (n=580)

database searching
Embase (n=104)

Additional records identified
through other sources (n= 0)

Scopus (n=125)
Web of science (n=255)
Cochrane library (n=34)
Total (n=1098)

- J

Records excluded (n= 932) with

[ Records after duplicates removed (n= 957) ]

reasons: Non-clinical trial studies,
Studies on children and infants,

v

Unrelated studies to SOD, Studies
conducted outside the ICU,

[ Records screened (n=957) ]——>

Animal studies

v

for eligibility (n=25)

Full-text articles assessed

ﬂull-text articles excluded, with \

reasons:
No access to the full-texts (1)

Non-English studies (2)
Concurrent use of selective

Studies included in

[ Inclusion ] [ Eligibility ] [ Screening ] [ Identification ]

qualitative synthesis (n=17)

digestive decontamination (2)
Cross over between SOD and SDD
and standard care (1)

Not reporting the incidence of

ventilator-associated pneumonia (2)

\_

Figure 1. PRISMA flow chart
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Effect of oropharyngeal decontamination on VAP

the infections. However, the prevalence of all organisms,
except for Klebsiella, was lower in the chlorhexidine
group. Fungal pneumonia was also lower in the group of
oropharyngeal decontamination with chlorhexidine than
in the placebo group.”® Another clinical trial demonstrated
that the frequency of colonization significantly decreased
in the 2.0% chlorhexidine group as compared to the 0.2%
chlorhexidine group. The most common microorganisms
isolated from the tracheal samples of the patients with
VAP included Acinetobacter, Staphylococcus aureus,
Klebsiella, Candida albicans, and Escherichia coli. The
oropharyngeal microorganism colonization was similar
to tracheal colonies.”

Discussion

Twelve of the seventeen articles utilized different
concentrations of chlorhexidine for oropharyngeal
decontamination. Three studies compared chlorhexidine
0.12% to placebo. In two studies, oropharyngeal
decontamination with chlorhexidine reduced VAP*%*
Three studies compared chlorhexidine 0.12% with
the simultaneous use of chlorhexidine 0.12% and
toothbrushing. In one study, VAP was reduced in a group
receiving only chlorhexidine. Because tooth brushing
translocation of organisms from the mouth to subglottic
secretions or the lung.*® But in two study, the rate of
VAP was lower in the tooth brushing and chlorhexidine
groups.*»**

In four studies, chlorhexidine 0.2 % was compared to
placebo, tooth brushing and routine care; only in one
study, the rate of VAP was reduced. *' But in three studies,
it was not able to reduce the incidence of VAP.***>* The
remaining study reported that chlorhexidine 2.0% had a
greater effect than chlorhexidine 0.2% on the prevention
of VAP Koeman et al.,, reported that the combination
of chlorhexidine and colistin was more effective, even
though chlorhexidine reduced VAP These studies
adopted suitable methodologies, and evidence suggests
that oropharyngeal decontamination with chlorhexidine
may be effective in the prevention of VAP. Other
systematic reviews suggested that using chlorhexidine
oral rinses is an effective way to prevent VAP.***! Most
studies did not examine the side effects, and only a few
studies reported side effects such as tooth discoloration
and mucosal irritation.?®** The analysis of the results of
bacterial growth in the mouth and trachea showed that
although chlorhexidine is effective on gram-positive
and negative organisms, it has small effects on gram-
negative organisms.***”** To improve the effectiveness of
chlorhexidine, another antibacterial agent should be used
simultaneously.”” A meta-analysis study indicated that
0.12% chlorhexidine had the best effect on the prevention
of ventilator-associated pneumonia; however, they did
not assess the types of organisms grown in the oral and
tracheal secretions.*? Therefore, due to its low effect on
the resistant gram-negative organism, we recommend

that more high-quality clinical trials should be performed
to determine the suitable concentration of chlorhexidine
with the minimum side effects and maximum efficacy.
Also, we recommend that more studies should be carried
out to find the best drug combination with chlorhexidine
in order to increase the antibacterial effect. Three trials
used a simultaneous combination of tooth-brushing and
various concentrations of chlorhexidine in comparison
to routine care and chlorhexidine for oropharyngeal
decontamination. Two articles reported a decreased
incidence of VAP.*** Since the use of a toothbrush could
reduce dental plaque and bacterial accumulation in the
mouth, evidence suggests that this method works best
when routinely used in the ICU for oral care. However,
different variables may contribute to these positive
results. Consistent with the current study, another
review recommended tooth-brushing to provide a higher
standard of oral care to mechanically-ventilated patients
and reduce VAP when used with chlorhexidine.® A
clinical trial used povidone-Iodine 10% in oropharyngeal
decontamination, reducing the incidence of VAP* Chua
et al,, also reported that the use of povidone-iodine 1% for
oral rinse is effective in the reduction of VAP.** Although
both articles are of good quality, due to the small number
of articles and the difference in the concentrations, further
studies are needed to confirm the effects and to find the
appropriate concentration for use. An article utilized
Iseganan HCI for oropharyngeal decontamination; it did
not affect the reduction of VAP.* Other review articles
have not been recommended for clinical use.”” A study
employed Nanosil (containing hydrogen peroxide and
silver ions) for mouthwash; it was found to be able to reduce
the incidence of VAP better than chlorhexidine. Previous
studies showed that hydrogen peroxide is more effective
than distilled water, saline, and placebo in the prevention
of oral plaque formation.** However, hydrogen peroxide
was significantly less effective than chlorhexidine.**
A number of studies reported complications such as
abnormality in oral mucous.”® Also, patient intolerance
following hydrogen peroxide administration was
reported.” However, some studies reported that the use of
hydrogen peroxide had no side effects.””*° The side effects
of Nanosil were not evaluated. Therefore, further evidence
is required for the utilization of Nanosil. Two articles used
non-absorbable topical antibiotics for oropharyngeal
decontamination. Both articles observed the reduction
of VAP%# Other studies employed this method; the rates
of intra-oral bacterial colonization and VAP were found
to reduce in all patients.>! In the long-term use of SOD,
most of the gram-negative aerobic bacteria and fungi
were reported to have been eliminated in the oral cavity
and pharynx.®' A systematic review indicated that the use
of non-absorbable topical antibiotics is effective in the
prevention of respiratory infections.*® Also, it would not
lead to increased antibiotic resistance.”® Oropharyngeal
decontamination helps nurses reduce VAP rates; however,
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it is not the main method of controlling VAP. There are
three effective methods for preventing the colonization
of organisms in the oropharynx and their translocation
to the upper respiratory tract. Placing the patients in a
semi-recumbent position to control the return of gastric
secretions into the oropharynx has been widely advocated,
particularly when patients receive enteral nutrition. A
30-45 degree position of the head prevents the returning
contents of the stomach and translocation to the upper
respiratory tract; the microaspiration prevention of
secretions originating from the upper respiratory tract
accumulating above the cuff of the endotracheal tube is
the second effective method for the control of VAP. This
is performed with a specific endotracheal tube (ETT)
referred to as taper guard ETT. These tubes have a lumen
behind the end of the endotracheal cuff connecting to
the low-pressure suction. Finally, silver-coated tubes
have been used to prevent bacteria originating from the
upper respiratory tract from reaching the distal lung
tissue. Silver has broad-spectrum antimicrobial activity
and reduces bacterial adhesion and biofilm formation.***®
Also, preserving the integrity of the gastrointestinal
tract and using probiotics are good ways to prevent the
translocation of microorganisms from the gastrointestinal
tract to the lungs. This can reduce the rate of VAP and
mortality.>**® Another risk factor for VAP is normal saline
instillation before endotracheal suctioning. This method
leads to the transfer of pathogenic organisms from the
upper respiratory tract to the lower respiratory tract.
Therefore, using a humidifier and closed suction systems
are a better way to dilute and suctioning of respiratory
secretions and reduce the risk of VAP.>-

Conclusion

The prophylactic use of the topical bactericidal agent in
critically-ill patients is effective to decrease the incidence
of VAP. Further studies are required to find the effective
and safe amount of chlorhexidine for oropharyngeal
decontamination. Chlorhexidine may be more effective
when used with a solution that targets gram-negative
bacteria. Although the povidone-Iodine and Nanosil
contribute to the reduction of the incidence of VAP, few
clinical trials have been performed, and further studies
are required to investigate the effects and side effects
of povidone-Todine, Nanosil, and Iseganan. The use of
non-absorbable topical antibiotics is the best method of
oropharyngeal decontamination to reduce VAP in the
ICU.

This systematic review had some limitations. Due
to the considerable heterogeneity in studies, we could
not perform a meta-analysis to statistically evaluate
the contribution of each method of oropharyngeal
decontamination to the rate of VAP. We did not search
Google Scholar to avoid bias. Therefore, this review does
not include all published articles in this field.

What is the current knowledge?

Teeth brushing and rinsing the mouth with normal saline and using
chlorhexidine for oral disinfection is sufficient to oral hygiene care
(OHC) and prevent VAP.

What is new here?

The results of the current study showed that many common organisms
in the oral cavity that cause VAP are resistant to chlorhexidine. OHC
by rinsing with saline and toothbrush is not enough to prevent VAP.
Health care providers should use topical antibiotics or antifungal
agents to disinfect the mouth based on the common organisms that
cause ventilator-induced pneumonia.
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