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Abstract
Introduction: Ventilator-associated pneumonia (VAP) is one of the most common nosocomial infections in critical patients.

The negative impacts of VAP on patient outcomes emphasize the importance of effective preventive measures such as oral

care and patient positioning. The aim of this review was to investigate the impact of oral care and positioning on the preven-

tion of VAP among patients in the intensive care unit.

Methods: This review was reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) guidelines. A comprehensive search was performed. The methodological quality of included studies was appraised

using Joanna Briggs Institute checklists.

Results: In total 13 studies were included, all of them were randomized controlled trials. Six out of nine studies about oral

care have significant results on VAP incidence. Regarding the position, Patients positioned at a 45-degree were less likely to

develop VAP than those positioned at a 30-degree and those in a supine position.

Conclusion: Although patients positioned at 45-degree angle were less likely to develop VAP than those at 30-degree, it is

necessary to individualize this practice before recommending it, once there are some contraindications, such as neurocritical

patients. Regarding oral care to prevent VAP, considering the current guidelines’ recommendation not to use oral chlorex-

idine, further studies evaluating alternatives are needed.
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Introduction

Background
Ventilator-associated pneumonia (VAP) is the most common
nosocomial infection among patients who receive mechani-
cal ventilation in the intensive care unit (ICU) (Wu et al.,
2019). Moreover, VAP is a substantial healthcare concern,
especially among critically ill patients on mechanical ventila-
tion (Torres et al., 2017). Ventilator-associated pneumonia
is defined as pneumonia that develops 48 h or more after
endotracheal intubation, is distinguished by its relationship
with invasive mechanical ventilation and making critically
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ill patients particularly vulnerable (Zhao et al., 2020).
Furthermore, VAP is caused by a complex interaction of ele-
ments such as weakened host defenses, aspiration of oropha-
ryngeal secretions, and pathogenic microorganism colonization
of the respiratory system (Cooper, 2021). As a result, therapies
targeting these factors, such as oral care and optimum patient
position, have emerged as viable techniques to reduce the
incidence of VAP.

The presence of an endotracheal tube is one of the main
risk factors for the development of VAP because it interferes
with the normal protective upper airway reflexes, irritates the
respiratory mucosa, increases the amount of mucus, and pro-
motes micro aspiration of contaminated oropharyngeal secre-
tions (Augustyn, 2007). The incidence of VAP is based on
the duration of mechanical ventilation, and the diagnostic cri-
teria used (Wu et al., 2019). Furthermore, VAP not only
increases hospitalization time and expenses, but it also corre-
lates to higher morbidity and mortality rates in intensive care
unit (ICU) (Wu et al., 2019). The negative impact of VAP on
patient outcomes emphasizes the significance of effective
preventive measures.

Statement of the Problem
Ventilator-associated pneumonia constitutes a prevalent
healthcare-associated infection characterized by lung infec-
tion and stands as the foremost contributor to mortality result-
ing in nosocomial infections in intubated ICU patients
(Torres et al., 2017). Patients subjected to mechanical venti-
lation for a minimum duration of 48 h are susceptible to the
development of VAP (Cooper, 2021). Furthermore, VAP is
the most prevalent infection in ICU and it has the highest
mortality rate as the crude mortality rates is between 20%
and 75% (Hassan & Wahsheh, 2017). Ventilator-associated
pneumonia increased mortality rate, hospital length of stay
(LOS), increased use of health care resources and increased
healthcare costs in critically ill patients (Wu et al., 2019).
However, the incidence of nosocomial infections, particu-
larly VAP, is directly associated with issues related to mal-
functioning medical staff such as hand disinfection failure,
lack of proper oral care, and poor suctioning (Hudáková,
2020).

Oral Care
Ventilator-associated pneumonia, a life-threatening conse-
quence of mechanical ventilation, is caused by the aspiration
of pathogenic microorganism-containing oral and pharyngeal
secretions into the lower respiratory tract (Torres et al.,
2017). As a result, VAP prevention is essential to reduce
the colonization of potentially dangerous bacteria in the oro-
pharynx (Torres et al., 2017). Regular oral care aimed to
reduce microbial burden in the oral cavity, reducing the
risk of aspiration, incidence of VAP in critically ill patients

and subsequent VAP development (Choi et al., 2022; Zhao
et al., 2020).

The World Health Organization has emphasized that strat-
egies aimed at preventing VAP are characterized by their
straightforwardness, cost-effectiveness, and reliance on the
conscientious practices, accountability, and behavioral mod-
ifications of the healthcare personnel in ICU (Cotoia et al.,
2020). Finally, a growing body of evidence, as reflected in
studies, determined the significant impact of effective oral
care in mitigating VAP risk and improving patient outcomes
in critical care settings (Atashi et al., 2018; Choi et al., 2022;
Irani et al., 2019).

Positioning
Positioning refers to the changing of body position as a spe-
cific technique for patient treatment (Stiller, 2000). In the
ICU, positioning is considered an important intervention to
decrease the rates of VAP (Conboy, 2023). Furthermore,
the patient’s body position may be intended to improve ven-
tilation, perfusion, and the clearance of airway secretions
with the aid of gravity (Stiller, 2000). Commonly positions
that have impact on VAP are supine, prone and semi-
recumbent positions. Semi-recumbent position seems to be
the best position to reduce VAP incidence, hospital length
of stay, the duration of mechanical ventilator (MV);
whereas, prone position reduce the risk of mortality and the
ICU length of stay (Pozuelo-Carrascosa et al., 2022).

For preventing VAP, a semi-recumbent position, eleva-
tion of the head of bed to 30 or 45°, is a recommendable
measure in several clinical practice guidelines that have
been extensively studied as a simple strategy for patients
undergoing MV (Álvarez-Lerma et al., 2018). This position
can help to avoid the entry of these gastric contents by reduc-
ing gastroesophageal reflux and contaminated oropharyngeal
secretions entry into the lower airway, thus preventing VAP
(Pozuelo-Carrascosa et al., 2022).

Purpose
This review aimed at investigating the impact of oral care and
positioning on the prevention of VAP among patients in ICU.

Methods
This systematic review was not registered in the International
Prospective Register of Systematic Reviews (PROSPERO)
since this project was short in duration and limited resources
were available to register it at the study start date.
Unfortunately, submissions to PROSPERO must have been
made before data extraction commences. That is why regis-
tration has been impossible at the later stages of the study.
The review was conducted and reported according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines (Moher et al., 2010).
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The researchers also followed the recommendations of the
Cochrane Handbook for Systematic Reviews of Interventions
(Higgins et al., 2019).

Searching Strategy
A search of Science Direct, Research Gate, Medline through
(PubMed), Scopus, ISI Web of Knowledge, EBSCO, ERIC
(Education Resources Information Center) and Cumulative
Index to Nursing & Allied Health Literature (CINAHL) data-
base for the years between January 2011 and September 2023
was done. The MeSH search and text word search that were
used with the terms related to critical care, patient position-
ing, oral hygiene, mouthwashes, randomized controlled
trial, and critical illness. The following descriptors were
used in English in the six databases: Prevention and
Control AND “Pneumonia, Ventilator-Associated” AND
“Patient Care” AND “Intensive Care Units” AND “Patient
Positioning” AND “Oral Hygiene” OR “Mouthwashes”.

Selection and Eligibility Criteria
Three independent authors were responsible for removing the
duplicates, screening the title and abstract, and analyzing the
full content of the studies in accordance with the inclusion cri-
teria. To be included in the systematic review, studies had to (a)
be published in the English language; (b) be Randomized
Control Trials (RCTs); (c) include age above 15 years, critically
ill patients, intubated, and admitted to all kinds of ICUs; (d)
evaluate the implementation of provide oral care and/or posi-
tioning in VAP prevention; (e) Full text; (f) Outcome incidence;
(g) Any of these intervention or all of them; (h) Protocols, con-
ference papers, abstracts, posters, and letters to editors and edi-
torials were excluded. This electronic search was conducted by
EHB-M and AA-E, and any differences were resolved by dis-
cussion with a third reviewer (BQ).

The research question was chosen based on the PICO
strategy (problem, intervention, comparison, and outcomes),
P: ventilator-associated pneumonia; I: VAP prevention strat-
egies oral care and position; C: comparison of the VAP pre-
vention strategies; O: reduction in the incidence of VAP.
After removing duplicate retrieved records, two reviewers
(EHB-M and AA-E) independently screened the titles and
abstracts. Then, the reviewers evaluated the full-text articles,
and when any discrepancy between the two independent
reviewers occurred, a third coauthor was consulted to
resolve it (BQ).

The researchers included RCTs that met the following
inclusion criteria: patients on mechanical ventilation for at
least 48 h and reported data on VAP incidence. The research-
ers included RCTs comparing different body positions or
alternative degrees of positioning of mechanically ventilated
patients: supine, semi-recumbent, prone or lateral. The main
study outcome measure was the incidence of VAP (clinically
suspected or microbiologically confirmed), and the

secondary outcome variables were ICU length of stay, hospi-
tal length of stay, duration of MV and mortality.

Data Extraction and Synthesis
Data from the included RCTs were extracted by using the
standardized data extraction form developed by Joanna
Briggs Institute (Aromataris & Munn, 2020). The data
about: (1) First author; (2) Year of publication; (3)
Country; (4) Characteristics of the participants; (5)
Outcomes: incidence of VAP (clinically suspected or micro-
biologically confirmed) (6) characteristics of the treatments:
body position (supine, semi-recumbent, prone or lateral),
angles, hours per day in this position, and the type of oral
care; (7) Study design; (8) The period of study; and (9)
Aim of study (Table 1). The included articles were discussed
within the research team to divide them into categories.
Furthermore, the researchers used the extracted data to deter-
mine the key components of the included interventions.

Quality Assessment
Methodological Quality. The quality of the selected articles
was assessed with the Joanna Briggs Institute critical
appraisal checklists for RCTs and Quasi Experimental
Studies (Tufanaru et al., 2017). The checklists consist of
several items which can be answered with “yes”, “no”,
“unclear” or “not applicable”. To calculate the score for
each article, the proportion of items on the checklist
marked with “yes” was calculated. The cut-off value for
inclusion of a study was decided according to the Joanna
Briggs Institute Manual (Institute, 2014).Two independent
researchers (EHB-M and AA-E) assessed the risk of bias of
the included studies and a third reviewer (BQ) was consulted
to resolve discrepancies. Finally, the researchers calculated
the proportion of the criteria that was fulfilled for each
article. The expected a value smaller than 50% would lead
to a too high risk of bias (Institute, 2014).

Two independent researchers assessed the risk of bias of
the included studies, and a third reviewer was consulted to
resolve discrepancies. For this, the researchers used the
Cochrane Collaboration Risk of Bias Tool 2 (RoB2) (Sterne
et al., 2019). To assess the following items of each included
study: (1) The randomization process, (2) Deviations from the
intended interventions, (3) The presence of missing outcome
data, (4) Measurement of the outcome, (5) Selection of the
reported results. In addition, overall bias was rated as “low
risk”, “some concerns” or “high” risk of bias.

Results

Search Results
The study selection process is demonstrated in Figure 1.
Overall, the initial search yielded 17,011 records. After
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removing duplicates, 10,010 records were screened by title
and abstract for potential relevance. Of these, 9911 records
were irrelevant and excluded and 99 full-text articles were
screened. Finally, 86 articles were excluded and 13 articles
were included in the review (Atashi et al., 2018; Bassi
et al., 2017; Chacko et al., 2017; Choi et al., 2022;
Ghezeljeh et al., 2017; Güner & Kutlutürkan, 2022;
Haghighat, Mahjobipoor & Gavarti, 2022; Hassankhani
et al., 2017; Irani et al., 2019; Izadi et al., 2023; Karimi
et al., 2023; Kaya et al., 2017; Vidal et al., 2017).

The quality rating varied over this selection of studies
(Table 1). The percentage rating was calculated according
to the proportion of the criteria, which based on the Joanna
Briggs Institute Manual that was fulfilled for each article
(Institute, 2014). Three studies had a quality rating between
50% and 60% (Ghezeljeh et al., 2017; Izadi et al., 2023;
Kaya et al., 2017). Four studies had a quality rating
between 62% and 77% (Atashi et al., 2018; Choi et al.,
2022; Haghighat et al., 2022; Irani et al., 2019). Six studies
had a quality rating between 85% and 92% (Bassi et al.,
2017; Chacko et al., 2017; Güner & Kutlutürkan, 2022;
Hassankhani et al., 2017; Karimi et al., 2023; Vidal et al.,
2017).

As evidenced by the assigned percentage ratings, the
examination of research quality revealed a wide range of
methodological rigor among the included studies. Notably,
numerous studies, like Chacko et al. (2017), Vidal et al.
(2017), and Karimi et al. (2023), achieved 92%, demonstrat-
ing a high level of methodological rigor and reliability in
their research designs. Similarly, Bassi et al. (2017), Güner
and Kutlutürkan (2022), and Hassankhani et al. (2017)
received 85%, indicating a high level of quality. Two
studies received percentages of 77%, indicating relatively
acceptable methodological quality (Atashi et al., 2018;
Choi et al., 2022). However, Ghezeljeh et al. (2017), Irani
et al. (2019), and Izadi et al. (2023) obtained percentages
of 54%, indicating a moderate degree of quality. In addition,
Haghighat et al. (2022) and Kaya et al. (2017) received per-
centages of 62% and 54%, suggesting lesser methodological
quality. These disparities in percentages highlight the variety
in study quality within the field of positioning and oral care’s
impact on VAP prevention, needing careful analysis and
interpretation of each study’s findings.

Characteristics of Included Studies
The characteristics of these 13 included studies are presented
in Table 1. All of these studies were RCT and the outcome
was about VAP. In terms of interventions, the included inter-
ventions were divided into two categories: Oral care inter-
vention (Atashi et al., 2018; Chacko et al., 2017; Choi
et al., 2022; Haghighat et al., 2022; Irani et al., 2019; Izadi
et al., 2023; Karimi et al., 2023; Kaya et al., 2017; Vidal
et al., 2017) and positioning intervention (Bassi et al.,
2017; Ghezeljeh et al., 2017; Güner & Kutlutürkan, 2022;

Hassankhani et al., 2017). Overall, these 13 included
studies reported the results from 1680 participants including
patients aged 15 years or more. In terms of comparison
groups, all studies included a control and intervention group.

This section outlines the results obtained from the exam-
ination of a total of 1013 patients who were under ICU
care. This encompassed both the interventional group and
the control group, focusing on examining the effects of oral
care, and positioning with the aim of preventing VAP in
patients within the ICU. The initial segment of the results
delineates the characteristics of the incorporated studies, fol-
lowed by a subsequent segment detailing the obtained results.
Lastly, the subsequent section encapsulates the overarching
themes distilled from the comprehensive review.

Assessment Methodology of VAP
Pugin et al. (1991) developed the Clinical Pulmonary
Infection Score (CPIS) for this assessment. Based on
factors such as body temperature, white cell count, pulmo-
nary secretion color, Pao2/FiO2, chest radiography, sputum
smear, and culture, researchers evaluated VAP occurrence
by combining quantitative Broncho alveolar lavage (BAL)
and mini-BAL cultures with CPIS.

Methodological Approaches
While all the studies incorporated randomization of partici-
pant allocation, two studies stood out with their multicenter-
controlled, single-center prospective randomized controlled
parallel group designs (Bassi et al., 2017). Blinding tech-
niques also varied, including single-blind (Hassankhani
et al., 2017). Double-blinding (Ghezeljeh et al., 2017;
Güner & Kutlutürkan, 2022). Even triple-blinding to mini-
mize potential biases (Bassi et al., 2017).

Main Themes
The review of several studies on oral care interventions and
their impact on the prevention of VAP in mechanically ven-
tilated patients reveals a diverse range of outcomes. The
studies included in the review encompass a range of study
designs, sample characteristics, countries, periods, proce-
dures, outcomes, and recommendations. The major themes
that emerge from the review of these studies include four
themes: (1) Effectiveness of oral care interventions. (2)
Comparison of oral care techniques. (3) Patient characteris-
tics and demographics. (4) Variation in VAP incidence and
pathogens.

Effectiveness of Oral Care Interventions
The studies collectively reveal a spectrum of outcomes in
terms of the effectiveness of various oral care interventions
in reducing the risk of VAP. While some interventions,
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such as professional oral care leaded to 100% VAP reduc-
tion, p < 0.001 (Choi et al., 2022). Another study demon-
strated that tooth brushing plus chlorhexidine gel reduced
VAP by 97%, p= 0.084 (Vidal et al., 2017). Similarly,
VAP was reduced by 95%, p < 0.001 using oral health proto-
cols which showcased promising results with decreased VAP
incidence, other interventions like a new oral care technique
(Karimi et al., 2023). There was no significant difference
compared to routine care, p > 0.05(Chacko et al., 2017).
Furthermore, the incidence of VAP in the ozonated water
(OZW) mouthwash group (25%) was lower than in the chlor-
hexidine (CHG) mouthwash group (45.9%) (Izadi et al.,
2023). These varying outcomes highlight the necessity for
comprehensive research and tailored approaches to oral
care interventions for VAP prevention based on patient-
specific factors and context.

Comparison of Oral Care Techniques
The studies included in this review underscore the paramount
importance of comparing diverse oral care techniques in
order to determine their relative efficacy in preventing
VAP. Among the interventions scrutinized within these

studies are toothbrushing, swab-based oral care, chlorhexi-
dine mouthwash, miswak, and ozonated water, each evalu-
ated for its potential to mitigate the risk of VAP. However,
the findings reveal a nuanced narrative where no singular
technique emerges as universally superior across all investi-
gations. The intricate nature of oral care’s impact on infection
risk within the ICU setting becomes evident as the outcomes
exhibit variability. This intricate reality accentuates the
imperative for meticulous, in-depth comparative assessments
and direct head-to-head evaluations of distinct oral care
methodologies. Such comprehensive analyses are indispens-
able for facilitating evidence-based decision-making pro-
cesses aimed at determining the most suitable oral care
approach for effectively preventing VAP.

Patient Characteristics and Demographics
The patient population’s characteristics, including age,
gender, and the severity of illness, play a role in the outcomes
of oral care interventions. Different patient groups might
respond differently to the same intervention due to their
unique health profiles. Studies like Irani et al. (2019) and
Kaya et al. (2017) demonstrate the relevance of demographic

Figure 1. PRISMA Flow Diagram of Literature Search.
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factors, such as age and consciousness levels, in influencing
the efficacy of oral care interventions in preventing VAP. For
instance, Irani et al. (2019) investigation involved 70 ICU
patients aged 18–65 years, with a sample size estimated at
35 patients per group. The results indicated a significant dif-
ference in VAP incidence between the miswak group (82.9%
male, 17.1% female) and the chlorhexidine group (74.3%
male, 25.7% female) (P= 0.01) (Irani et al., 2019). Kaya
et al. (2017) demonstrated that, involving 88 patient, patients
consciousness levels played a significant role in the efficacy
of oral care interventions, where the chance of VAP occur-
rence in patients with lower levels of consciousness was sig-
nificantly higher (OR: 2.38; 95%CI: 1.11-5.26) (P < 0.05).

Variation in VAP Incidence and Pathogens
The studies reveal variations in VAP incidence rates and the
types of pathogens observed. While some studies report sig-
nificant reductions in VAP incidence (Choi et al., 2022;
Karimi et al., 2023). Other studies showed that the mouth-
washes that were used led to a decrease in the incidence of
VAP in the intervention groups, although the difference
was not statistically significant (Izadi et al., 2023; Vidal
et al., 2017). Furthermore, the types of pathogens associated
with VAP differed between studies. These variations could
be attributed to differences in study design, patient popula-
tions, and interventions, highlighting the complexity of
VAP prevention and the importance of context-specific con-
siderations. For instance, in the study by Choi et al. (2022),
the experimental group showed a remarkable reduction in
the incidence of VAP, with a difference of 10.58 between
the control group (10.58) and experimental group (0) post-
intervention. Moreover, in Vidal et al. (2017) research, the
use of tooth brushing plus 0.12% chlorhexidine gel demon-
strated a lower incidence of VAP throughout the follow-up
period, although the difference was not statistically signifi-
cant (p= 0.084). Meanwhile, studies like Haghighat et al.
(2022) and Kaya et al. (2017) emphasized the need for tai-
lored oral care protocols to cater to patient-specific
requirements.

Almost all studies call for larger sample sizes, longer
follow-up durations, and more comprehensive evaluations
to establish more robust conclusions about the effectiveness
of various oral care interventions in preventing VAP. The
diversity in findings underscores the importance of conduct-
ing rigorous, well-designed studies to build a more solid evi-
dence base for guiding clinical practice.

Positioning
In this section, the key themes were derived from four RCTs
that examined the effects of head-of-bed (HOB) elevation
angles on VAP among patients in ICU. In addition to 606
participants, these trials supply valuable insights.

Study Context and Demographics
The research was carried out in a variety of geographic
regions and in a variety of ICU settings in the selected
RCTs. Furthermore, head of bed elevation angles were eval-
uated for their impact on VAP incidence in the trials. These
studies focused on patients aged 15 years or more in ICU
units with mechanical ventilators (MVs). According to the
country, most of the included studies were done in Iran
(Atashi et al., 2018; Ghezeljeh et al., 2017; Haghighat
et al., 2022; Hassankhani et al., 2017; Irani et al., 2019;
Izadi et al., 2023; Karimi et al., 2023). In addition, two
studies were conducted in Turkey (Güner & Kutlutürkan,
2022; Kaya et al., 2017), one in Spain (Bassi et al., 2017),
one in India (Chacko et al., 2017), one in Japan (Choi
et al., 2022), and one in Brazil (Vidal et al., 2017).

Impact of HOB Elevation on VAP Incidence
The year 2017 saw the convergence of three studies (Bassi
et al., 2017; Ghezeljeh et al., 2017; Hassankhani et al.,
2017) exploring HOB elevation effects on VAP incidence.
Notably, two studies scrutinized the role of HOB elevation
angles. The findings proved significant differences in VAP
rates between groups with HOB elevation to 30 degrees
(32.50%) and 45 degrees (20.00%), compared to the
control group (52.50%) (P= 0.01). Moreover, Ghezeljeh
et al. (2017) discovered that elevating the HOB from 45°
to 60° lowered VAP risk more than threefold (relative risk
= 3.64). These studies collectively endorsed HOB elevation
to 45 or 60 degrees for mechanically ventilated ICU patients,
aligning with the advice from Hassankhani et al. (2017).
However, the study by Bassi et al. (2017) diverged, investi-
gating the impact of lateral Trendelenburg position (LTP)
versus semi-recumbent position (SRP). The trial ended pre-
maturely due to a scarcity of VAP occurrences, no secondary
benefits, and adverse events. The secondary outcomes exam-
ined mortality, duration of mechanical ventilation, and ICU
stay length.

In 2021, a study compared semi-recumbent positions at 30
and 45 degrees with HOB elevation to <30 degrees. Notably,
VAP incidence was notably lower in the 45-degree group
(20%) than in the <30-degree group (55%), echoing earlier
findings (Ghezeljeh et al., 2017; Hassankhani et al., 2017).
Intriguingly, the HOB elevation degree appeared unrelated
to the timing of VAP occurrences (early or late) (P= .703).

Discussion
The purpose of this review is to investigate the impact of oral
care and positioning on the prevention of VAP in patients in
the ICU. Based on the gathered empirical data, which focuses
on the incidence of VAP among patients in ICUs, a specific
study undertook a comparative analysis of two distinct
mouthwash formulations: CHG and ozonated water OZW.
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Notably, the study concluded that OZW exhibited superior
efficacy compared to CHG in diminishing the VAP risk
within ICU patients (Izadi et al., 2023). In contrast, the
employment of CHG demonstrated limited capability in mit-
igating the risk of VAP. Kocaçal Güler and Türk (2019) con-
veyed that CHG displayed greater effectiveness (at a
concentration of 0.2%) in reducing VAP incidence when
compared to dental gels and normal saline. However, Tran
and Butcher (2019) conducted a comprehensive review of
diverse studies, revealing inconclusive outcomes for CHG
administered at varying concentrations (ranging from
0.12% to 2%) with regard to reducing VAP incidence.

On the other hand, the European Society of Intensive Care
Medicine (ESICM) Annual Congress in 2017 reported that
there was a statistically significant increase in hospital mor-
tality among 438 patients in an ICU who had been on MV
and had mouth wash with chlorhexidine gluconate (Azevedo
et al., 2017). Furthermore, there are contraindications regard-
ing the use of oral chlorhexidine for safety reasons such as
dry mouth and calculus formation (Zanatta et al., 2010).
Oral chlorhexidine can lead to respiratory arrest, severe ana-
phylaxis, and hypersensitivity reactions (Klompas et al.,
2022; Rose et al., 2019; Vieira et al., 2022). Severe anaphy-
laxis was reported at an incidence of 0.78 per 100,000 expo-
sures (Rose et al., 2019). Another emerging issue with
chlorhexidine is the antimicrobial resistance (Kampf, 2016).
However, these discrepancies in findings may potentially
emanate from disparities in the characteristics of the study
cohorts, the interventions implemented, and the procedural
aspects of oral care.

Conversely, a study by Chacko et al. (2017) reported no
significant distinction in the incidence of VAP between the
two subject groups. Their findings did not provide evidence
to support the superiority of tooth-brushing over regular oral
care in reducing VAP occurrence. On a different note, Bassi
et al. (2017) arrived at a divergent conclusion, asserting that
toothbrush-based oral care demonstrated superiority over con-
ventional oral care in mitigating the incidence of VAP. This var-
iance in conclusions emphasizes the nuanced nature of oral
care’s impact on VAP, possibly stemming from differences in
study methodologies, protocols, and patient populations.

In this comprehensive analysis, four studies indicated a
tendency towards lower rates of ventilator-associated pneu-
monia, albeit without achieving statistical significance.
These varied findings collectively underscore the complexi-
ties and divergent outcomes associated with different oral
care strategies in VAP prevention, indicating the need for
careful consideration of factors such as methodology and
patient population.

The results of this systematic review emphasize that a 30°
elevation is insufficient in preventing VAP among mechani-
cally ventilated patients. The researchers recently came
across some research that suggests that patients positioned
at a semi recumbent angle of 45° are less likely to develop
VAP compared to those in a supine position (Ghezeljeh

et al., 2017). Interestingly, the clinical diagnosis of VAP
notably diminishes in patients positioned this way. A 30°
backrest elevation may not be adequate in preventing VAP
in mechanically ventilated patients (Ghezeljeh et al., 2017).

Additional interesting information were found in a sys-
tematic review and meta-analysis conducted by Zhuo and
colleagues which showed that patients positioned at a 45°
semi-recumbent angle have a lower incidence of ventilator-
associated pneumonia compared to those in a 30° semi-
recumbent position (Zhuo et al., 2021). This provides
further evidence for the efficacy of the 45° semi-recumbent
position in preventing VAP in mechanically ventilated
patients, the odds ratio (OR) of 0.48 with a 95% confidence
interval (CI) of 0.28 to 0.84 (Z= 2.59; P= 0.009) under-
scores the advantage of the 45° position. In contrast, the
impact of lateral Trendelenburg positioning on clinically
diagnosed VAP incidence is like that observed among semi
recumbent-positioned patients (Bassi et al., 2017). In addi-
tion, the impact of the prone position showed a no significant
tendency to reduce VAP incidence on patients on mechanical
ventilator Mora-Arteaga et al. (2015) Implementing a 45° bed
head elevation can be a challenge, despite its effectiveness in
preventing ventilator-associated pneumonia. According to
empirical evidence, only about 26.4% of bedridden patients
can maintain an elevation angle exceeding 30°, as observed
in a study on semi-sitting positions conducted by (MJ &
García, 2011). According to MJ and García (2011) this high-
lights the importance of finding alternative methods to prevent
VAP in mechanically ventilated patients who may not be able
to maintain the recommended position.

In terms of positioning, it is important to highlight that, for
critical patients in general, the current recommendation is to
raise the head of the bed from 30 to 45 degrees (Zhuo et al.,
2021). Previous literature has identified the factors that con-
tribute to the challenges of implementing a 45° bed head ele-
vation. For the neurocritical patient, it is already well
established that the recommendation for neuroprotection is
exactly 30 degrees, in order to maintain adequate cerebral
perfusion and avoid secondary neurological damage
(Durward et al., 1983). Head of bed elevation to 45
degrees in neurocritical patients could result in a drop in cere-
bral blood flow and consequent cerebral ischemia (Musick &
Alberico, 2021). It is understandable that discomfort, con-
cerns about pressure ulcers, and the need for frequent posi-
tion changes can make it difficult for patients to maintain
this position (Lyerla et al., 2010). Consequently, the practi-
cality of a 45° bedside elevation should be determined in
accordance with the patient’s condition and their physical tol-
erance level (Lyerla et al., 2010).

Strengths and Limitations
Among the strengths, this systematic review has provided a
comprehensive and insightful analysis of the impact of oral
care and positioning on the prevention of VAP among
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patients within ICUs. Additionally, the review highlights the
potential of alternative oral care and positioning approaches
to contribute positively to VAP prevention, emphasizing
the significance of their unique antimicrobial properties.
Among the limitations, the definition of VAP is not the
same in all studies as the CDC has changed the criteria for
defining VAP over the years. Therefore, there is a limitation
in evaluating the effectiveness of each of the VAP prevention
bundles, as the definition of VAP itself varies between
studies. Furthermore, considering the effect of chlorhexidine
mouth wash on mortality, mortality was not the primary
outcome of any of the included studies.

Recommendations
Several key recommendations emerge from the comprehen-
sive review of studies investigating oral care interventions
and position and their impact on preventing VAP among
patients in ICU. To begin, the disparities in the outcomes
of various oral care interventions highlight the importance
of personalized approaches tailored to individual patient
factors and care contexts. There is a need for more studies
to define which oral care would be more appropriate for
patients on mechanical ventilation, considering the effective-
ness in preventing VAP and the safety of the intervention. As
more studies are needed into the possibility of alternative
substances, such as ozonated water, another mouthrinse, or
just toothbrushing with sterile water.

Patient characteristics such as age, gender, and level of
consciousness should be taken into account because they
can influence how patients respond to interventions.
Longer follow-up periods are required to understand the
long-term impact of VAP prevention interventions. Larger
sample size research, standardized protocols, and multidisci-
plinary collaboration are recommended. Finally, several
interventions could perhaps be implemented in VAP preven-
tion bundles, including head of bed elevation by 45 degrees
for patients without contraindications (such as those with
neurological injury, in whom the recommendation remains
to position the head of bed at 30 degrees in order to avoid
cerebral hypoperfusion).

Conclusion
Through an in-depth exploration of diverse studies, this
review has highlighted several key themes, including the
effectiveness of oral care interventions, comparisons of oral
care techniques, patient characteristics and demographics,
and variations in VAP incidence. The divergent outcomes
could be attributed to variations in protocols, interventions,
patient populations, and study durations.

The review reveals a complex landscape where various
oral care strategies and interventions have yielded diverse
outcomes in preventing VAP. Notably, the effectiveness of
interventions demonstrated temporal dependencies and

variations based on concentrations and methods of adminis-
tration. Regarding the oral care of patients on mechanical
ventilation, considering the possibility of harm from oral
hygiene with chlorhexidine, and the non-recommendation
of current guidelines, more studies are needed to robustly
establish a more effective and also safe alternative, such as
ozonated water, other mouthrinses or toothbrushing with
sterile water. It is safe to provide oral care with toothbrushing
but without chlorhexidine.

Patients positioned at a 45-degree semi-recumbent angle
were less likely to develop VAP than those positioned at a
30-degree. Therefore, guidelines should evaluate changing
the recommendation to elevate the head of the bed to 45
degrees in VAP prevention bundles for critically ill patients
on mechanical ventilation who do not have contraindications.
For those with neurological damage, the 30-degree head rec-
ommendation remains to avoid cerebral hypoperfusion due to
reduced cerebral blood flow. It is important to highlight that
although the critical patient in general can benefit from posi-
tioning at 45 degrees, it is necessary to assess whether there is
neurological damage and individualize this practice before
recommending it.
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