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Abstract
Background

Infection is a common problem and a major cause of morbidity and mortality for patients in intensive
care units (ICUs). Oral care has been found to reduce the risk of nosocomial pneumonia according to
published meta-analysis, and has been recommended to improve the oral environment for the patients in
ICUs. However, relatively little information is available about the effects of oral care in patients without
ventilatory support in ICUs. Therefore, this study was designed to evaluate the effectiveness of oral care
in preventing pneumonia in non-ventilated ICUs patients.

Methods

The literature source will be gained from eight databases including four Chinese online databases and
four English online databases from their inception to December 31, 2020. Records obtained will be
managed and screened via Endnote X7 a widely used reference management software. The duplicate
literature will be removed. All literature will be selected in accordance with pre-established inclusion
criteria by two independent review authors to obtain quality trials. The quality of the included records will
be evaluated according to “Risk of table”, recommended by Cochrane Handbook for Systematic Reviews
of Interventions. All the data will be extracted by one author and checked by another. If there is any
disagreement, a �nal agreement will be reached with a third reviewer via consulting. The data obtained
will be managed via Microsoft Excel. If there is missing data, the original authors will be emailed to ask
for it. If enough data was collected, the data synthesis will be performed using Review Manager
(RevMan5.3). Otherwise, only the qualitative analysis will be carried out. The overall effect will be
estimated on oral care for intensive care unit patients without mechanical ventilation to prevent
nosocomial pneumonia using random effect model or �xed effect model base on the heterogeneity
results. The sources of heterogeneity will be performed using Meta-regression and subgroup analysis if
there is signi�cant heterogeneity. The funnel plot will be used to assess the publish bias, if there are
enough records included. The Cochrane Handbook for Systematic Reviews of Interventions will be
followed throughout the system evaluation process.

Conclusion

This study will provide evidence of oral care for intensive care unit patients without mechanical
ventilation to prevent nosocomial pneumonia.

PROSPERO Research registration identifying number

CRD42020146932

1. Background
1.1 Description of condition
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Infection is a common problem and a major cause of morbidity and mortality for patients in intensive
care units (ICUs) [1-4]. It is the leading cause of death in non-cardiac ICUs [1,5]. Pneumonia is the most
common site of infection according to an international study of the prevalence and outcomes of infection
in intensive care units, which include 13,796 patients [6]. Nosocomial pneumonia (NP) is among the main
causes of mortality in patients at ICU. Importantly, the incidence of nosocomial pneumonia is increasing,
and the number of infection-related death that follows is also increasing. Thus, to prevent nosocomial
pneumonia is a cost-reducing and life-saving healthcare practice, especial in ICUs.

Nosocomial pneumonia (NP), also called hospital-acquires pneumonia or health-care associated
pneumonia, was de�ned as an infection of the lower respiratory tract which do not exist at the time of
admission and do not have the incubation period of infection, but occur 48 hours after admission[7]. The
most important cause of the development of nosocomial pneumonia is oral environment [8]. The oral
cavity of ICU patients is an important reservoir for bacteria and provides a habitat for microorganisms
leads to nosocomial pneumonia [7]. Patients in ICUs acquire pneumonia by aspirating oral bacteria that
have been colonized in the oral cavity into the lower respiratory tract. Due to advanced age, limited
mobility, illness, cognitive dysfunction, patients in ICUs often have di�culty to maintain oral hygiene by
themselves. Poor dental hygiene has been linked to respiratory pathogen colonization in ICUs patients.
Therefore, respiratory pathogens tend to colonize dental plaque and oral mucosa in these populations [9].
So strategies to eliminate respiratory pathogens from the oral cavity may improve oral hygiene and
decrease the development of nosocomial pneumonia.

1.2 Description of the intervention

Oral care has been de�ned as “science and technology that is aimed at the prevention of oral diseases,
improvement of the treatment effect, promote the rehabilitation of patients, improvement the quality of
life (QOL), protection the health”.[10] Oral care has been found to reduce the risk of nosocomial
pneumonia according to published meta-analysis [11,12], and has been recommended to improve the oral
environment for the patients in ICUs [7]. The aim of oral care is to remove plaque and debris from the oral
cavity. Mouth rinses including saline, water, antiseptics maybe applied as sprays, liquids during the oral
care. During the oral care, mouth rinses including water, antiseptic agents sprays maybe applied.
Antiseptic agents sprays include povidone iodine, saline, chlorhexidine, cetylpyridium, and possibly
others, (but exclude antibiotics) [13]. Possible tools include swab or tooth brushing (either manual or
powered) which can provide mechanical cleaning [14,15].

1.3 How the intervention might work

Patients in ICUs often have di�culties to complete their own oral hygiene due to dysfunction, illness, and
old age, which can responsible for poor oral environment. Poor oral environment results the colonization
of respiratory pathogen in ICUs patients, which is the primary cause of the development of hospital
acquired pneumonia (HAP).
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In oral care, manual or electric toothbrushes can be used to provide mechanical cleaning to remove
plaque and debris, as well as to replace certain functions of saliva to moisturize and gargle. It can remove
plaque on teeth and gum, destroy the bio�lm in which plaque bacteria multiply, thereby enhancing the
effect of oral care.

1.4 Why it is important to do this review

There are a number of systematic reviews focused on the effect of oral care in high-risk patients with
ventilator-associated pneumonia (VAP). Oral decontamination with antiseptic [15-18] and antibiotic
agents[19] had been reported signi�cantly reduce the risk of VAP. There is a systematic review and meta-
analysis of randomized controlled trials showed that a preventive effect of oral care on pneumonia in
non-ventilated individuals. But this study included the patients in hospitals or long-term care facilities,
which leads to the high heterogeneity between the participants [20]. A study was also performed to
investigate the preventive effect of oral care for non-VAP elderly people in nursing homes and hospitals. It
included 4 RCTs, in which the results of 3 studies indicated that oral care can effectively reduce the
incidence of HAP. However, because of clinical heterogeneity among the 3 studies, meta-analyses were
not performed. Another limitation of this study is that the literature searches were conducted only in the
Cochrane library databases and the Medline database. Therefore, the evidence strength of the research
results is insu�cient [21]. Furthermore, relatively little information is available about the effects of oral
care in patients without ventilatory support in ICUs. To address this limitation, this study was designed to
evaluate the effectiveness of oral care in preventing pneumonia in non-ventilated ICUs patients.

2. Methods
2.1 Study design and program registration

This design was registered in the international prospective register of systematic reviews
(https://www.crd.york.ac.uk/PROSPERO/ID = CRD42020146932). The detail of this protocol was
conducted follow the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-
analyses Protocols (PRISMA-P) statement [22]. Since this study is a secondary study of the literature,
formal ethical approval is not applicable.

2.2. Including criteria

2.2.1. Types of studies

Only the clinical randomized controlled trials (RCT) of oral care interventions will be included in this
study. The quasi-RCTs and non-RCTs will be excluded. If there are cross-cover randomized controlled
trials, the �rst period will be included as a parallel group trial.

2.2.2. Types of patients
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ICUs patients did not receive mechanical ventilation, without infection of the lower respiratory tract at
admission will be included. Hospital-acquired pneumonia must be diagnosed as following: temperature
>37.8°C, and chest radiograph, cough or subjective dyspnea. If ICUs patients with and without
mechanical ventilation are involved in a study, only these RCTs with over 50% of patients without
mechanical ventilation will be included in this review. If different setting patients such as rehabilitation
unit, nursing home, community were included in RCTs, only these RCTs with over 50% of patients without
mechanical ventilation from ICUs will be included in this study.

2.2.3. Interventions

Patients in the experimental group received clearly-de�ned oral care procedures, including
decontamination of oropharyngeal cavities with antiseptics, oral and pharyngeal cavity rinse, nurse-
assisted tooth brushing. Patients in the control group received no treatment, ‘usual care’, or placebo.
Studies which compared different types of oral care will not be included. These studies in which oral care
used as one part of whole treatment protocols will be excluded.

2.2.4. Outcomes

2.2.4.1. Primary outcomes

The incidence of nosocomial pneumonia de�ned as the primary outcome of this study. Nosocomial
pneumonia was de�ned as an infection of the lower respiratory tract that is diagnosed at least 48 h after
the patient has been admitted to hospital, which is not present or incubating at the time of hospital
admission [23].

2.2.4.2. Secondary outcomes

Other outcomes such as mortality, 30-day mortality, duration of ICU stay, oral health indices (including
periodontal index, plaque index, bleeding index, gingival index, etc.), the usage of antibiotic, adverse
effects of the intervention, economic data were de�ned as secondary outcomes.

2.2.5. Search strategy

2.2.5.1. Online electronic databases

Four English online electronic databases including Embase (via embase.com), Medline (via PubMed),
CINAHL (via EBSCOhost), and Cochrane Central Register of Controlled Trials (CENTRAL) will be
systematic searched without language restrictions from their inception to December 31, 2020. Four
Chinese-language databases include WanFang Database, Sino-Med Database, Chinese Science and
Technology Periodical (VIP) Database, and China National Knowledge Infrastructure (CNKI) database will
be searched from their inception to December 31, 2020. The English terms were used individually or
combined “intensive care” “nosocomial infection” “oral care” “mouth care” and the Chinese searching
terms were “zhong zheng jian hu (intensive care),” “yi yuan huo de xing fei yan(nosocomial infection),” “
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kou qiang hu li oral care)”. The search strategy we have built for Medline via PubMed was showed in
Table 1, which was performed according to Cochrane Handbook for Systematic Reviews of Interventions
[24]. Some adaptive changes will be made when searching in other databases.

2.2.5.2. Additional resources

Although there are no full-text articles in Chinese or English, articles with Chinese or English titles or
abstracts will also be screened.

2.3. Data collection and analysis

2.3.1. Research management and screening.

The literature management software, EndNoteX7, will be used in this study to manage all records
collected. Before two independent reviewers read the title and abstract of the trials, duplicate records will
be removed from the literature database. Then obviously unquali�ed records will be identi�ed. For
potentially eligible records, full text of these records will be read by two independent reviewers. Finally,
quali�ed literature was selected according to the pre-determined inclusion criteria. All records included
must �t the type of study, type of patients, intervention, design (PIS) strategy of this review. Original
author will be contacted via email when there is more information is needed to make a decision. If there is
any disagreement, the �nal consensus is generated through discussion with a third reviewer. Details of
the literature screening will be reported following the PRISMA �ow diagram (Fig. 1).

2.3.2. Data extraction and management.

First, all data will be extracted according to the data table previously prepared by one researcher. Then all
data extracted will be veri�ed by another researcher. The information we will extract is multifaceted. The
information will be extracted from each included trial as following: (1) Basic information of studies
including the journal, publish year, author, author institutions, title; (2) The characteristics of participants
of RCTs including sex, age, inclusion/exclusion criteria; (3) Intervention used in groups, including the
intensity, frequency, and period; (4) The methodological information of each trial including random
sequence generation, allocation concealment, blinding of participants, and blinding of outcomes
assessment; (5) Outcomes including instruments, drop-out, follow-up, and adverse events. If there is any
missing data, original author will be emailed to ask for it. The measurement data will be described using
mean and standard deviation (SD) or standard error (SE). The count data will be described using the
number of events. The two arms’ data that most �t our aims of this review will be extracted rather than all
arms if there are more than two arms in study. Before entering the data into the RevMan5.3 for analysis,
necessary data conversion will be performed via spreadsheet software (Microsoft Excel). If there is any
disagreement, the �nal consensus is generated through discussion with a third review author.

2.4. The risk of bias assessment for included studies
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The quality of included studies will be assessed using “Risk of bias” (ROB) table, which was
recommended by Cochrane Handbook for Systematic Reviews of Interventions[24]by two reviewers
independently. This tool is a two-part tool, addressing the following six speci�c domains when de�ning
the quality of an RCT: (1) sequence generation; (2) allocation concealment; (3) blinding of participants,
personnel and outcome assessors; (4) incomplete outcome data; (5) selective outcome reporting; (6)
Other sources of bias. Each domain consists of one or more speci�c entries. Within each entry, the �rst
part is to describe what happened in the study. The second part is a judgment of the risk of bias for that
entry. This is achieved by answering a pre-speci�ed question for each entry. In all cases, if there is
insu�cient information about the part description, the judgment as will usually be “unclear” risk of bias.
An answer “No” indicates high risk of bias and an answer“Yes” indicates low risk of bias. If there is any
disagreement, the �nal consensus is generated through discussion with a third review author.

2.5. Handling of missing data

If there is any missing data, original authors will be contacted to request it. If the missing data is not
obtained, the analysis will be performed only using the available data. Effect of missing data on the �nal
results will be discussed in the discussion section.

2.6. Assessment of heterogeneity

Heterogeneity across trials will be detected by χ2 test with a 0.10 level as the cut-off value (P<0.1).
Heterogeneity across trials will be quanti�ed using I2 statistic. Studies with an I2 value of more than 75%
will be considered to have high degree heterogeneity. If the included studies have good homogeneity, the
overall effect will be synthesized [25]. Otherwise, the sources of heterogeneity will be explored via
subgroup and analysis meta-regression [25].

2.7. Evaluation of publication bias

If there are more than ten studies in an outcome, a funnel plots will be structured to funnel plot used to
investigate publication bias [25]. Asymmetry in the funnel plot indicates possible publication bias.

2.8. Data synthesis

If there are su�cient studies focusing on similar comparison and the same outcomes, meta-analysis will
be undertaken using �xed-effect model or the random-effect model dependent on heterogeneity results.
Otherwise, only the qualitative analysis will be carried out.

2.9. Subgroup analyzes

Subgroup analysis will be undertaken according to whether toothbrush was used or not. Subgroup
analysis will also be undertaken according to the different types of mouthwash.

2.10. Sensitivity analysis
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The studies that with a low methodological quality adversely affect the strength of the evidence, so
sensitivity analysis will be performed to investigate the effect of these trials on the evidence. It will be
performed via excluding a study and comparing the results changes. The results will be reported and
discussed the discussion part.

2.11. Grading the quality of evidence

The quality of evidence for outcomes will be evaluated according to the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) system, which rates the quality the quality of
evidence into four levels (high, moderate, low, very low levels) [26].

3. Discussion
It was reported that pneumonia is the most common site of infection in intensive care units. The
occurrence of nosocomial pneumonia is closely related to the mortality for the ICUs patients. The main
mechanism of hospital-acquired pneumonia is inhalation of bacteria which is multiplied in the mouth
and entered the lower respiratory tract. Patients in ICUs often cannot effectively remove bacteria from
their mouths due to illness, elderly age or dysfunction. Therefore, to help ICUs patients clear the bacteria
from the mouth effectively can signi�cantly improve their oral environment, thereby reducing the
incidence of hospital acquired pneumonia.

Oral care has been recommended to improve the oral environment. Several studies demonstrated that
oral care can signi�cantly reduce the incidence of mechanical ventilator-associated pneumonia (VAP).
Unlike the VAP, the effect of the oral care for hospital acquired pneumonia in ICUs patients without
ventilatory support has not been well established. Only two review focus on the effect of oral care for the
patients without ventilatory support. But there are signi�cant clinical heterogeneity between included
studies because they included patients from different institutions including ICUs, Nursing institute,
rehabilitation setting, ect [20,27]. Another limitation is the limited database the sources obtained. Thus, it
is necessary to conduct this review to investigate the effect of oral care for hospital acquired pneumonia
in ICUs patients without ventilatory support.

We believed that this study results will provide comprehensive and systemic evidence for the effect of
oral care for the ICUs patients without ventilatory support. It will also give help to make decisions
regarding future practice of oral care for ICUs patients without ventilatory.

Strengths of the study include rigorous design and the clear de�nition of participants and intervention.
However, there are also some limitations we should note. Firstly, the diversity of oral care media may be
one of the sources of clinical heterogeneity. Secondary, different interventions in the control group
between studies may affect the results. Finally, the intervention frequency and operator of oral care may
contribute to clinical heterogeneity.

Abbreviations
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ICU, intensive care unit; QOL, quality of life; HAP, hospital -acquired pneumonia; NP, Nosocomial
pneumonia; RCTs, randomized controlled trials; VAP, ventilator-associated pneumonia; CNKI, China
National Knowledge Infrastructure; VIP, Chinese Science and Technology Periodical; ROB, Risk of bias.
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Tables
Table 1 Search strategy for Medline via PubMed
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No. Search items

#1 “CRITICAL ILLNESS”[Mesh]

#2 (“critical$” adj5 “ill$”)[tw]

#3 (“depend$” adj5 “patient$”)[tw]

#4 ( “INTENSIVE CARE”)[Mesh]

#5 (“intensive care” OR “intensive-care” OR “critical care” OR “critical-care”) [Mesh]

#6 ICU[Mesh] or CCU[tw]

#7 ((“intubat$” or “ventilat$”) adj5 “patient$”) [tw]

#8 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7

#9 ( “PNEUMONIA, VENTILATOR-ASSOCIATED”)[Mesh]

#10 pneumonia[tw]

#11 VAP[tw]

#12 “nosocomial infection”[tw]

#13 #9 OR #10 OR #11 OR #12

#14 (“ORAL HYGIENE”)[Mesh]

#15 (DENTIFRICES)[Mesh]

#16 (MOUTHWASHES)[Mesh]

#17 (“ANTI-INFECTIVE AGENTS, LOCAL”)[Mesh]

#18 “Cetylpyridinium”[Mesh]

#19 “Chlorhexidine”[Mesh]

#20 “Povidone-Iodine”[Mesh]

#21 (“oral care” OR “mouth care” OR “oral hygien$” OR oral-hygien$ OR “dental hygien$”)[tw]

#22 (“mouthwash$” OR “mouth-wash$” OR “mouth-rins$” OR “mouthrins$” OR “oral rins$” OR
“oral-rins$” OR “toothpaste$” OR “dentifrice$” OR “toothbrush$” OR “chlorhexidine$” OR
“betadine$” OR “triclosan$” OR “cepacol” OR “Corsodyl” OR “Peridex” OR “Hibident” OR
“Prexidine” OR “Parodexor Chlorexil” OR “Peridont” OR “Eludril” OR “Perioxidin” OR “Chlorohex”
OR “Savacol” OR “Periogard” OR “Chlorhexamed” OR “Nolvasan” OR “Sebidin” OR “Tubulicid”
OR “hibitane”) [tw]

#23 (“antiseptic$” OR “antiinfect$” OR “local microbicide$” OR “topical microbicide$”) [tw]

#24 #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23

#25 randomized controlled trial [pt]

#26 controlled clinical trial [pt]
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#27 randomized [tiab]

#28 placebo [tiab]

#29 clinical trials as topic [mesh: noexp]

#30 randomly [tiab]

#31 trial [ti]

#32 #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31

#33 #8 AND #13 AND #24 AND #32

Figures
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Figure 1

Flow diagram of the study selection process
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Figure 1

Flow diagram of the study selection process
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