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Abstract

Background: An increasing number of studies have investigated the clinical epidemiology and outcomes of
ventilator-associated pneumonia (VAP) in intensive care units. However, these findings have not been clearly
defined in broad subgroups of mechanically ventilated adults. Hence, this protocol for a systematic review and
meta-analysis is designed to better understand the clinical and epidemiological features of VAP in these patient
populations by establishing its overall prognosis of and risk factors for morbidity and mortality and to determine
the differences in clinical and economic outcomes between VAP and non-VAP patients.

Methods: This present review will systematically search available full-text articles without date and language restrictions
and indexed in PubMed, CENTRAL, CINAHL, Web of Science, and EMBASE databases. In addition, reference lists and
citations of retrieved articles and relevant medical and nursing journals will be manually reviewed. Supplementary search
in other databases involving trials, reviews, and grey literatures, including conference proceedings, theses, and
dissertations, will be performed. Study investigators will be contacted to clarify missing or unpublished data. All
prognostic studies meeting the pre-defined eligibility criteria will be included. The study selection, risk of bias assessment,
data extraction, and grading of the quality of evidence will be carried out in duplicate, involving independent evaluation
by two investigators with consensus or a third-party adjudication. The degree of inter-rater agreement will be calculated
using the kappa statistic. For meta-analysis, dichotomous and continuous outcome measures will be pooled using odds
ratios and standardized mean differences with 95% confidence intervals, respectively. The Mantel-Haenszel or inverse
variance methods with random effects model will be used as a guide for analysis. The heterogeneity of each
outcome measure will be assessed using both X* and * statistics. In addition, sensitivity and subgroup
analyses will be performed to ensure consistency of pooled results. The review protocol described herein is in
accordance with the PRISMA-P standards.
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Discussion: The investigation of the epidemiological profiles, prognostic factors, and outcomes associated
with VAP is critical for the identification of high-risk groups of mechanically ventilated patients and evaluation
of possible clinical endpoints. This may provide substantial links for improved VAP prevention practices
targeting modifiable risk factors. Implications for future research directions are discussed.

Systematic review registration: PROSPERO CRD42017048158

Keywords: Clinical epidemiology, Critical care nursing, Meta-analysis, Predictive analytics, Prognostic review,
Risk assessment, Risk factors, Systematic review, Ventilator-associated pneumonia

Background

Critically ill patients admitted to intensive care units
(ICUs) require endotracheal intubation and mechanical
ventilation (MV) to maintain airway patency, prevent as-
piration, and improve oxygenation. Such supportive inter-
ventions are integral components of critical care and are
considered as the gold standards for airway and ventila-
tion management. However, both endotracheal intubation
[1] and MV [2] are associated with numerous complica-
tions and may pose substantial risks among ICU patients.
Evidence shows that prolonged duration of endotracheal
intubation and MV may result to one or more of the fol-
lowing: susceptibility to laryngeal dysfunction, airway mu-
cosal trauma, venous thromboembolism, lung injury
caused by either over inflation or atelectasis, raised intra-
cranial tension, and cardiovascular-related complications
[1-4]. In addition, protracted use of these supportive mea-
sures may further predispose ICU patients to acquiring
healthcare-associated infections, such as nosocomial
pneumonia [2, 4]. This condition is the second most fre-
quently occurring nosocomial infection in the ICU, affect-
ing 14 to 27% of all hospitalized patients [5-7]. Of these,
24 to 86% are associated with MV [4, 5, 8]. This type of
nosocomial infection is referred to as ventilator-associated
pneumonia (VAP), a subtype of pneumonia that occurs 48
h following intubation and initiation of mechanical ventila-
tory support in patients who had no pre-existing lung infec-
tion upon admission [9].

Several VAP etiologies related to patient susceptibility
have been discussed in existing literature [10], yet the
definite mechanism of infection remains unclear because
of a wide range of factors associated with VAP develop-
ment. However, two pathophysiological processes have
been proposed. These include colonization of pathologic
microorganisms in the respiratory and digestive tracts
and microaspiration of subglottic secretions into the
dependent airways [11]. To further address this issue, an
accumulating number of observational and interven-
tional studies have linked several etiologies and prognos-
tic factors to VAP development. These epidemiological
findings have been summarized and integrated for the
prevention and management of VAP in care for patients
requiring MV [12, 13]. However, an a priori planned

effort, performed by the principal investigator or PI
(JMG), which involves electronic search of previously reg-
istered and published reviews and meta-analyses suggest
that the risk factors associated with VAP development and
the predictors of patient outcomes of morbidity (including
prolonged duration of MV and increased ICU/hospital
length of stay [LOS]) and mortality have not been thor-
oughly investigated in broad subgroups of mechanically
ventilated adult ICU populations. Moreover, studies that
investigate the epidemiology and clinical outcomes of
VAP vary among patients requiring MV and across geo-
graphical locations [14]. Although VAP is considered to be
a multifactorial condition, in recently conducted meta-
analyses, different study investigators have identified few
significant risk factors for VAP in critical care settings.
The results vary among these studies and were only iso-
lated to certain ICU patients, such as in neonatal [15],
pediatric [16], and cardiac surgical populations [17, 18]. In
addition to the mentioned preliminary search, the PI
has found a previous meta-analysis that has attempted
to shed light on the issue of risk factors associated with
VAP in a notable number of mechanically ventilated
adults; however, the said evidence focused mainly on
VAP recurrence [19].

As per findings, there are no large-scale review studies
that have been done thus far to address questions of
clinical uncertainty between risk factors and the initial
episode of VAP development, including the predictors of
morbidity and mortality among the heterogeneous critic-
ally ill adult populations. Understanding these epidemio-
logical features including the clinical and economic
outcomes between subgroups of ICU populations is crit-
ical to help clinicians and policymakers in making ap-
propriate decisions toward evidence-based preventive
efforts. Therefore, explicitly identifying high-risk sub-
groups of mechanically ventilated patients is imperative
for safe and effective implementation of infection control
measures against VAP.

Aims

The primary aim of this present review is to investigate
the clinical epidemiology of VAP by establishing the
overall prognosis of and risk factors for morbidity and
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mortality outcomes associated with this condition. For
the secondary aims, the review investigators will cluster
patients into groups, according to the presence (VAP
group) or absence of VAP (non-VAP group), to compare
the durations of MV, ICU/hospital LOS, mortality out-
comes, microbiological findings, and antibiotic and
hospitalization costs. Such investigations are critical to
target specific prognostic factors for modification and
further understand the impact of VAP on clinical and
economic outcomes in broadly defined subgroups of
critically ill adult populations.

Methods

Design

This protocol for a large-scale systematic review and meta-
analysis was based on a recommended methodology [20]
and followed the Preferred Reporting Items for Systematic
review and Meta-Analysis for Protocols (PRISMA-P) 2015
guidelines (see Additional file 1) [21, 22] and was registered
with the International Prospective Register of Systematic
Reviews (PROSPERO) on 09 May 2017 (registration num-
ber: CRD42017048158). The latest registered protocol revi-
sions were made on 09 October 2018.

Eligibility criteria

Table 1 summarizes the review eligibility criteria. Below
are the detailed descriptions of the inclusion and exclu-
sion criteria:

Types of studies

The present review will include all possible prognostic
studies (published or unpublished) with corresponding
comparison group reporting a clear VAP definition and
any of the following epidemiological indexes: VAP oc-
currence, etiology, and risk factors for and clinical out-
comes of VAP-related morbidity and mortality. Clinical
outcomes, by the definition, involve patient mortality,
duration of MV, ICU/hospital LOS, microbiology, and
antibiotic or health care costs. The review will consider
prognostic studies utilizing any of the following study
designs: randomized controlled trial (RCT), prospective
cohort analysis, retrospective cohort analysis, nested
case-control study, case-control study with similar pa-
tient groups, and case-control study with unclear/non-
equivalent controls. The review anticipates a large num-
ber of prognostic factors derived from a body of obser-
vational evidence. A clinical trial or RCT is regarded
because personnel- or intervention-related prognostic
factors associated with patient morbidity (i.e., VAP, pro-
longed MV, increased hospital or ICU stay) are more
likely to be reported in experimental design. Studies not
meeting the aforementioned designs will be excluded, as
well as studies with unclear methodology and unavail-
able data for risk calculation.
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Types of participants

Study participants include heterogeneous adult (15
years or older) ICU patients requiring MV. The mini-
mum age was based on the definition of the World De-
velopment Indicators regarding adult mortality rate
[23]. Further, participants will be classified into two
groups according to the following outcomes: VAP
group and non-VAP group. For studies investigating
VAP mortality, participants will be classified as survivor
(i.e., patients without evidence of clinical failure) and
non-survivor groups (i.e., patients who subsequently
died during the course of ICU/hospital admission). In
the present review, the following populations will be
excluded: ICU patients not receiving endotracheal in-
tubation or MV, non-ICU patients requiring respiratory
support, pediatric populations including neonates, pa-
tients with recurrent VAP during the course of
hospitalization, hypothetical cohorts, and non-VAP
groups with different or insufficient definition.

Types of exposures

A variety of clinical exposures, which pertain either to con-
tact with a disease-causing factor or the amount of factor
that impinges upon a subgroup of patients, are essential
components of risk assessment and predictive analytics for
VAP prevention. This present review hypothesizes that spe-
cific host- or patient-related, intervention- or treatment-re-
lated, device-related, personnel-related, environmental-
related, and other-related risk factors play a critical role in
the development of VAP and have a significant impact on
outcomes of morbidity and mortality in mechanically venti-
lated adult ICU patients. In order to identify exposure-re-
lated factors that increase the risk of VAP in critically ill
adult patients, this present review will investigate the pres-
ence (or absence) of VAP-related morbidity and mortality
and compare these clinical outcomes between two groups
of mechanically ventilated patients: exposed and non-ex-
posed. It will classify exposures as described in studies ac-
cording to broad categories: host- or patient-related,
treatment-  or  intervention-related,  device-related,
personnel-related, environmental-related factors, and
others. Host- or patient-related risk factors are defined as
the characteristics of patients (e.g., age, gender, admission
diagnosis, comorbid conditions, immunosuppression) that
are associated with VAP development. Intervention- or
treatment-related risk factors are defined as care-related ex-
posures (e.g., intubation, MV, blood transfusion, re-intub-
ation, mobilization protocol) that may increase the
probability of acquiring nosocomial pneumonia in mechan-
ically ventilated patients. Device-related factors are poten-
tial sources of exposures (e.g., types of endotracheal tubes
[ETTs], mechanical ventilator, pre-hospital airway devices,
suction tubes, oral airways, ventilator circuits) that may also
contribute to VAP development. Personnel-related risk
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Types of study designs

Types of participants

Types of exposures

Types of outcome measures

Types of ICU settings
Types of languages
Timing

Any of the following VAP prognostic studies (published or unpublished) with corresponding
control groups (non-VAP patients/survivors):

Interventional study

RCT or clinical trial

Observational study

Prospective cohort study or prospective analysis

Retrospective cohort study or retrospective analysis

Nested case-control study

Case-control study with similar patient groups

Case-control study with unclear or non-equivalent controls.

Any of the following adult (15 years or older) ICU population requiring MV:
Cases: patients with VAP/non-survivor group/patients with clinical failure
Controls: patients without VAP/survivor groups/patients with successful treatment
Any of the following exposures:

Host- or patient-related factors

Treatment- or intervention-related factors

Device-related factors

Personnel-related factors

Environmental-related factors

Others (time-dependent factors, any ICU adverse events)

Primary outcome measure

Initial episode of microbiologically confirmed VAP (as defined by study authors)
Any of the following secondary outcome measures:

VAP as a predictor of ICU mortality (as reported by study authors)

ICU mortality associated with VAP (as reported by study authors)

ICU mortality associated with VAP in RCT studies

ICU mortality associated with VAP in matched studies

ICU mortality associated with clinically and microbiologically confirmed VAP
In-hospital mortality associated with VAP (as stated by study authors)

Duration of MV (time, measured in days, from initiation to discontinuation)

ICU LOS (time, measured in days, from admission to ICU discharge or death)
Hospital LOS (time, measured in days, from admission to hospital discharge or death)
Microbiological findings by VAP-associated microorganisms (microbiological profile)
Cost of antibiotic treatment of VAP (currency, in US dollar)

Hospitalization costs (currency, in US dollar)

No restrictions imposed

No restrictions imposed

Any of the following study endpoints: time to VAP, removal of critical ill patients from MV
or planned extubation.

No time restrictions for follow-up and retrospective analysis. However, patients must be
intubated/ventilated for at least 48 hours.

ICU Intensive care unit, LOS Length of stay, MV Mechanical ventilation, RCT Randomized controlled trial, US United Stated, VAP Ventilator-associated pneumonia

factors refer to the staffing (e.g., nurse-patient ratio) or the  Environmental-related risk factors (e.g., types of hospitals,
compliance rates of clinicians to infection control measures  types of unit pathogens, fall-winter season) are defined as
(e.g., use of gloves, hand hygiene adherence), which are the characteristics in patients’ environmental conditions

considered vital in VAP prevention

and control. that increase their likelihood of acquiring VAP in ICU.
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Other related risk factors may refer to adverse events (ie.,
unplanned extubation or self-extubation by patient, aspir-
ation episodes, and complications following ICU admission,
such as upper GI bleeding, sepsis, oxygen desaturation epi-
sodes, organ failure, and death) or time-dependent factors
(i.e., durations of injury prior to admission, intubation, and
MV; ICU/hospital LOS).

Types of outcome measures

Critically ill patients will be followed up for the develop-
ment of initial episode of microbiologically confirmed VAP
until extubation for more than 48h, ICU discharge, or
death. This event of interest will be regarded as the primary
outcome measure. Secondary outcomes include duration of
MYV, ICU/hospital LOS, microbiological findings, antibiotic
and hospital costs, and VAP mortality (ICU and/or in-hos-
pital). Studies with clinically defined VAP outcome mea-
sures will be excluded. Clinically defined VAP studies may
be regarded if study investigators only used a conventional
diagnostic method in any of the following: clinical criteria
(e.g, abnormal changes in body temperature [>38°C or <
35.5°C], ratio of arterial blood oxygen tension to the con-
centration of inspired oxygen [PaO,/FiO,], presence or ab-
sence of purulent tracheobronchial secretions, and
abnormal white blood cell count [> 10000/mm? or <4000/
mm®]), radiologic findings (e.g., showing recent and persist-
ent infiltrate on chest radiograph), and clinical pulmonary
infection scores (CPIS). The present review will not con-
sider clinical criteria with radiologic findings as primary
bases for VAP diagnosis due to its inherent clinical limita-
tions and issues on sensitivity and specificity [24]. The limi-
tations of CPIS were also taken into account, as patients
with composite CPIS score > 6 may or may not have posi-
tive tracheal aspirate culture. However, this review will con-
sider prognostic evidence combining multiple methods of
VAP diagnosis, including CPIS and the new definition of
ventilator-associated event (VAE) [25], provided that study
investigators had explicitly reported microbiological con-
firmation (i.e., isolation of at least one pathogenic micro-
organism in significant bacterial counts obtained via
bronchoscopic and non-bronchoscopic investigations) for
all case patients.

Types of settings

All critically ill adults admitted in the different critical
care settings will be included for this review. Restrictions
by type of ICU setting or country of origin will not be
imposed. Non-ICU settings (e.g., wards, long-term
health care facilities) will be excluded.

Types of language
This present review will consider peer-reviewed articles
written in languages other than English where
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translation is possible with the resources of our respect-
ive institution.

Timing

There is no maximum length of follow-up or retrospective
analysis that will be imposed for this review. However, to
fulfill the criteria for VAP, case patients must be mechanic-
ally ventilated for =48 h at the time of enrollment; hence,
studies not meeting this MV cutoff value will be excluded.
This time window is crucial in distinguishing primary from
secondary infections or in categorizing pneumonia as com-
munity-acquired or ventilator-associated. The durations of
endotracheal intubation/MV prior to VAP development
(time to VAP) and ICU/hospital LOS prior to death (time
to death) will be determined.

Search methods and strategies

To identify potential search terms and retrieve the best set
of results possible, a pre-determined MEDLINE search
strategy was constructed using the PICO (patients, inter-
ventions, comparators, outcomes) equivalents: patients,
exposures of interests, comparison, outcomes, and study
design (see Additional file 2). All relevant search terms
used with this approach were checked by a university li-
brarian. Adjustment of search terms such as alternative
keywords or phrases relative to specific prognostic factors
for VAP and study designs will be adapted as necessary to
capture all the results that might be relevant to the search
topic. Detailed descriptions of search methods and strat-
egies are outlined below:

Electronic searches

The present review will exhaust all available full-text ar-
ticles (without date and language restrictions) indexed in
the following major scientific databases:

e MEDLINE (via PubMed)

e The Cochrane Central Register of Controlled Trials
(CENTRAL) (via The Cochrane Library)

e Cumulative Index to Nursing and Allied Health
Literature (CINAHL) (via EBSCOhost)

e Web of Science (via Saudi Digital Library)

e Excerpta Medica dataBASE (EMBASE)

The pre-determined MEDLINE search strategy will be
adopted in searching relevant articles in all other data-
bases. Modifications to indexing terms (e.g., Medical
Subject Headings, field tags) for other databases will be
applied as necessary.

Reference lists

All reference lists of the included original articles and
some relevant reviews will be manually screened to re-
duce the possibility of excluding important citations.
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Citation tracking

The present review will perform citation tracking using
the Scopus® database to capture relevant citations that
were possibly missed during the initial search. The PI
(JMG) has chosen Scopus® because it is considered as
the largest abstract and citation database of peer-
reviewed literature, including scientific medical and
nursing journals, books, and conference proceedings.

Handsearching

To further find additional articles, a select number of
medical and nursing journals focusing on infection con-
trol and intensive-critical care will be electronically
handsearched from date of inception to present issue
(see Additional file 2). PubMed database will be utilized
for this purpose using the following search strategy: “<
journal National Library of Medicine (NLM) title abbre-
viation>"[jour] AND ventilator-associated pneumonia.
Such strategy is crucial to highlight evidence containing
“ventilator-associated pneumonia” or its related terms
(e.g., VAP, ventilator-acquired pneumonia, ventilation-as-
sociated bacterial pneumonia, intubation-related pneu-
monia, nosocomial pneumonia, device-associated
healthcare-acquired pneumonia) in the title, abstract,
and/or keywords. Further, if the volume/issue is not
indexed in the PubMed database, the journal’s website
with relevant articles matching the abovementioned
search terms will be manually explored.

Alternative searches

An additional search in supplemented databases using
trial (ClinicalTrials.gov) and review (PROSPERO) registers
will be carried out to identify ongoing or recently com-
pleted trials and systematic reviews, respectively. In
addition, relevant studies in grey literatures, including
conference proceedings and studies indexed in Open-
Grey/ProQuest dissertations and theses databases, will be
checked. Study investigators or corresponding authors will
be contacted to clarify missing or unpublished data.

Data collection

Selection of studies

The strategic study selection process will be performed in
duplicate to identify relevant citations, screen titles, or ab-
stract, retrieve and evaluate full-text articles against the
pre-determined eligibility criteria, include eligible studies
for review, and generate study codes accordingly. This
process will be initially performed by the PI (JMG) and
subsequently by six trained RAs (AD, EPJ], RE, RAF, JA,
and AS). Each RA will be assigned to specific databases in-
cluding other resources (e.g., reference lists, Scopus®, jour-
nals) to independently cross-validate the abovementioned
procedures following a search strategy decision algorithm
(see Additional file 3). Any disagreements will be resolved
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by discussion until a consensus is reached. The PRISMA
flow diagram will be used to illustrate the evidence search
and study selection process (see Additional file 3) [21].

Assessment of risk of bias in included studies

To evaluate the methodological quality of eligible stud-
ies, the QUIPS (Quality In Prognosis Studies) tool will
be utilized (see Additional file 4) [26]. This tool was de-
signed to support the evaluation of prognostic factor
studies, wherein the validity and risk of bias are assessed
based on the following six key domains: (1) study par-
ticipation (selection bias), (2) study attrition (attrition
bias), (3) prognostic factor measurement (misclassifica-
tion or measurement bias), (4) outcome measurement
(bias due to inadequacy of outcome measurement), (5)
study confounding (bias due to confounding factors),
and (6) statistical analysis and reporting (bias due to in-
adequacy of the statistical analysis). The decision for
each of these six potential bias domains will be rated as
high, moderate, or low risk of bias, considering all the
responses to the prompting items to inform risk of bias
judgment. To generate the overall risk of bias, the review
investigators will take into account the bias ratings
across the six important key domains. For instance, if a
study is rated as having “low risk of bias” for all or the
most important of the six key domains, then a summary
assessment of risk of bias will be regarded as a study
with “low risk of bias.” This selected definition will also
be applied in studies rated as having “high” or “moderate
risk of bias” for all or the most important of the six key
domains.

The aforementioned risk of bias assessment will also
be performed in duplicate, involving independent evalu-
ation by two reviewers (1 investigator [PI] and 1 external
reviewer) with consensus for each included study. A
third person (AB) will be consulted if disagreements
cannot be resolved. A total of three independent external
reviewers (MH, AJG, and RS) will be part of this process.
Each will be given assigned studies by the PI (JMG) to
reach the target review timeline. To illustrate the deci-
sions for each risk of bias domain in every included
study, a risk of bias summary 3 x 3 table will be created
and this will be used for kappa calculations.

Data extraction and management

For each included study, data from both published and
unpublished reports will be independently extracted in
duplicate by the PI (JMG) and one data extractor (RAF
or RE) using a structured, pilot-tested, author-made data
extraction form (see Additional file 4) with the following
variables:

e General characteristics of the study;
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e Sociodemographic and clinical characteristics of
subjects;

e Outcome definition (VAP diagnostic criteria);

e Onset and incidence or prevalence of VAP among
exposed and non-exposed subjects;

e Numbers of VAP-associated microorganisms;

e Risk factors associated with VAP and clinical
outcomes of morbidity and mortality;

e VAP clinical outcomes including patient mortality,
duration of MV, and ICU/hospital LOS; and

e Antibiotic treatment and hospitalization costs.

For data management, the PI (JMG) developed a plat-
form using Microsoft® Office Excel, Mac 2011 version to
provide a transparent document summary of the study se-
lection process. First author name, study title, journal,
database, publisher, relevance, number of articles needing
full-text evaluation, reasons for exclusion, and number of
included articles will be documented. All meta-analytic
data with dichotomous outcomes will be entered in a 2 x
2 table following the 7-step validation process: The PI
(JMQ@) will enter four important data items (total numbers
of exposed patients [step 1], cases [step 2], enrolled pa-
tients [step 3], and exposed cases [step 4]), check all the
totals matching the published study (step 5), check the
calculated effect size (step 6), and assess the validity of en-
tered data (step 7) to ensure completeness and accuracy.
For data with continuous outcome measures including
pooled data set, similar procedures will be applied as ap-
propriate. These will be validated by one RA (RAF or RE).
Any disputes will be resolved by discussion.

Dealing with missing data

In handling missing or unpublished data, the study in-
vestigators will be consulted if applicable. A request to
obtain missing or incomplete data from study investiga-
tors will be forwarded. All requests will be documented
and included in the List of studies awaiting assignment.

Data analysis

All patient clinical information, including the out-
comes of VAP-related morbidity and mortality, will be
pooled using frequencies, percentages or proportions,
and means (+ SDs). Descriptive epidemiology will be
employed for incidence density, prevalence rate, and
proportional crude mortality. To estimate the number
of patients with VAP, all new and pre-existing cases
in a given period of time will be included and divided
to the total population during the same time period.
To estimate the proportional mortality attributable to
VAP, relative risk increase (RRI) will be calculated
using the following formula: crude mortality ,ses —
crude mortality oneos/crude mortalityconerors [27]. Chi-
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square test will be used to assess the difference be-
tween variables in VAP and non-VAP patients as ap-
propriate. Kappa statistic will be performed to quantify the
degree of inter-rater agreement between two reviewers.
The strength of agreement will be interpreted in one of six
categories using the accepted approach [28]: poor, slight,
fair, moderate, substantial, or almost perfect. The SPSS Sta-
tistics Software (IBM Corp, Armonk, NY) for Windows,
version 21.0, will be used for all above analyses.

To combine all relevant studies investigating VAP epi-
demiological outcomes, a meta-analysis will be performed
using Review Manager software (RevMan, Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration)
for Mac OS X, version 5.3. In this analysis, study weights
for dichotomous and continuous outcomes will be gener-
ated using Mantel-Haenszel (M-H) and inverse variance
(IV) methods, respectively. Due to the inclusion of case-
control studies with dichotomous outcomes, odds ratio
(OR) with 95% confidence interval (CI) will be calculated to
identify risk factors imposed on VAP development and clin-
ical outcomes of morbidity and mortality. Odds ratio will
also be used to investigate VAP attributable mortality
among patients with VAP. In addition, standardized mean
difference (d) with 95% CI will be calculated for continuous
outcomes to compare the duration of MV, ICU/hospital
LOS, and antibiotic and hospitalization costs between VAP
and non-VAP patients. Pooled estimates with 95% CI for
each outcome measure will be calculated using random ef-
fects model. Forest plots will be constructed to illustrate a
summary of findings from individual prognostic studies.
Such analyses are essential to accurately estimate the overall
association between the abovementioned variables. A statis-
tically significant association will be considered if p value is
<.05. A summary of the research questions and sample
planned data analyses is presented in Additional file 2:
Table S7. However, if prognostic data will not be suitable
for meta-analysis (i.e, presence of important methodo-
logical heterogeneity, missing data) following a detailed
evaluation of the eligible studies, a summary of findings
using tabular presentation will be generated to qualitatively
synthesis prognostic evidence.

Assessment of heterogeneity

Since VAP outcomes differ between studies, this present
review anticipates the presence of significant heterogeneity
underlying broad epidemiological evidence. The methodo-
logical and clinical heterogeneity may be attributed to dif-
ferent study designs, sampling errors, sample size,
characteristics of study populations, and the like. The het-
erogeneity between included studies will be assessed
using both the X? test for homogeneity and I* statis-
tic. Significant statistical heterogeneity will be
regarded if the X* test for homogeneity obtains a p
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value threshold of <.10. Methods to investigate expla-
nations of heterogeneity of results between studies
are discussed below.

Subgroup analysis

If adequate data pertaining to patient age, type of ill-
ness severity, type of country (by development status),
type of study population, type of onset, type of causa-
tive microorganisms, methods of diagnosis, and pres-
ences (as opposed to absences) and types of immune
suppression, prior or initial antimicrobial therapy,
VAP protocol are reported from the included studies,
the review investigators plan to carry out a priori
subgroup analyses between studies to explain incon-
sistency between important subgroups. The following
are definitions of subgroup analyses with correspond-
ing categories, considering the study hypotheses and
pre-specified direction of effect:

e Age. Age is one of the significant factors for VAP,
as patients with advanced age (=75 years old) are
more likely to acquire healthcare-associated
infections (including VAP) following hospital
admission compared to other age groups (e.g.,
adults, young adults). An a priori subgroup
analysis by age (in years) is planned for the
following categories: <30, 30 to 60, 60 to 75, and
>75.

e Type of illness severity. The severity of illness is
defined as the extent of patient’s physiologic
decompensation or organ system derangement
measured by ICU severity scoring systems at
admission, as patients with higher severity of illness
index have higher risk of developing poor clinical
outcomes (e.g., VAP, mortality). An a priori
subgroup analysis by type of illness severity is
planned for the following categories (based on
previously defined cutoff points): according to acute
physiology and chronic health evaluation (APACHE)
II scores, < 20, 20 to 29, and > 30 [29] and according
to simplified acute physiology scores (SAPS) II, < 33,
<33 to <45, <46 to <58, and > 58 [30].

e Type of country by development status. This may
refer to a country’s economic or trade status, as
resources play a critical role on the incidence and
risk factors for VAP development. The concept of
resource inadequacy is one of the reasons why VAP
rates can be substantially different in other settings.
For instance, in developing countries, a larger
number of VAP incidence are reported with varying
risk factors involved than developed countries. An a
priori subgroup analysis by country classification is
planned for the following categories (based on
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previously defined status): developing, in transition,
and developed [31].

Type of patient population. This may refer to
medical, surgical, trauma, and mixed ICU patients,
as trauma patients might have greater need of
mechanical ventilation compared to other ICU
populations, therefore increasing their degree of
exposure to VAP potential factors. An a priori
subgroup analysis by type of patient population is
planned for the following categories: medical
(including coronary), surgical, cardiac surgical
(including cardiovascular surgical), neurosurgical,
trauma surgical, trauma (non-surgical), burn,
neurological, oncological, and mixed ICU patients
(including all patient categories).

Type of disease onset. Onset (in days) may refer
to the initial manifestations of VAP as examined
by the physician intensivist or other outcome
assessors. The pathogenesis and risk factors
associated with VAP are dependent on the
disease onsets. For this review, a definite cutoff
period will be provided to categorize VAP onset
based on the mean cumulative reports of
primary studies, as VAP onset definitions may
differ between studies. An a priori subgroup
analysis by type of onset is planned for the
following categories: early-onset and late-onset
VAP.

Type of causative microorganisms. This may refer to
the pathologic agent causing VAP, as the
attributable risk of VAP appears to vary with
infecting pathogens, considering microbial virulence.
This review will not consider Candida as a pathogen
in our immunocompromised population. An a priori
subgroup analysis by type of causative
microorganisms is planned for the following
categories (based on their potential to develop
multidrug resistance): high-risk and low-risk
microorganisms.

Method of diagnosis. This refers to the different
methods of VAP diagnosis, considering clinical
criteria and radiological findings with
microbiological confirmation (i.e., positive culture
with a significant concentration of
microorganisms) obtained via bronchoscopic and
non-bronchoscopic investigations. This review will
take necessary precaution when interpreting
subgroup analysis for studies reporting unspecific
microbiological confirmation. An a priori
subgroup analysis by method of diagnosis is
planned according to the following categories:
blinded outcome assessment with adjudication,
unblinded outcome assessment with adjudication,
blinded outcome assessment without adjudication,
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and unblinded outcome assessment without
adjudication.

e Presence and type of immune suppression. This may
refer to patients who are immunocompromised, as
patients with human immunodeficiency virus (HIV)
infection or acquired immune deficiency syndrome
(AIDS), oncologic conditions, or history of
immunosuppressant drug use have increased risks of
developing VAP and clinical failure (e.g., death)
following institution of invasive mechanical
ventilation. An a priori subgroup analysis by
presence (or absence) and type of immune
suppression is planned for the following categories:
according to presence (or absence),
immunocompromised and non-
immunocompromised; according to type,
deliberately induced (by immunosuppressive
medications) and non-deliberately induced
immunosuppression (by many types of cancers,
HIV/AIDS).

e DPresence and type of initial antimicrobial therapy.
This may refer to patients who received empirical
antimicrobial treatment(s). The term “empirical” is
defined as treatment given prior to obtaining
susceptibility results of microbial analysis. An a
priori subgroup analysis by presence (or absence)
and type of initial antimicrobial therapy is planned
for the following categories: according to presence
(or absence), with initial antimicrobial therapy and
without initial antimicrobial therapy; according to
type, appropriate and inappropriate empiric
antibiotics.

e DPresence and type of VAP protocol. This may refer
to studies reporting the presence or absence of a
VAP prevention protocol, as the number of VAP
prevention strategies (e.g., VAP bundles) that are
routinely available may influence VAP occurrence.
An a priori subgroup analysis by presence (or
absence) and type of VAP protocol is planned for
the following categories: according to presence (or
absence), units with VAP prevention strategies and
units without VAP prevention strategies; according
to types, recommended VAP bundles and modified
VAP bundles.

The abovementioned subgroup analyses will be for-
mally applied to all outcome measures even if the vari-
ability appears to be explained by chance. If studies
yield large inconsistent results due to serious or unex-
plained heterogeneity, the review investigators plan to
rate down the quality of evidence for each outcome
measure using the recommended approach [32].

Furthermore, this present review anticipates that all
these proposed a priori subgroup analyses might not
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be adequately reported in the included studies. Hence,
additional caution will be regarded when exploring
and interpreting the review results, as underpowered
subgroup analysis, in full awareness of the review in-
vestigators, may lead to an incorrect conclusion.

Sensitivity analysis

A sensitivity analysis will be performed in studies
with low risk of bias to ensure the consistency of
pooled results concerning the association between
variables. This approach involves the omission of out-
liers or reports with a higher risk of bias, indicating
less rigorous designs. These may include studies with
methodological and statistical issues (i.e., studies
reporting composite outcomes), non-equivalent con-
trols (i.e., studies not reporting the minimum dur-
ation of MV in non-VAP patients), inconsistent VAP
definition or questionable diagnostic criteria for VAP,
and studies that did not report/assess the presence
lung infection at admission. Pooled results with 95%
Cls will again be analyzed to test for the robustness
of association. The conclusion would be regarded as
stable if the results do not change substantially, indi-
cating a higher degree of certainty. The comparison
of original risk estimates with post-assessment results
will be displayed in a summary table.

Assessment of reporting biases

If there are at least ten relevant studies with robust de-
signs, a visual asymmetry assessment using funnel plot
will be generated to detect publication bias [33].

Confidence in cumulative evidence

The present review will use the Grading of Recom-
mendations Assessment, Development, and Evaluation
(GRADE) approach [34] to assess the confidence in
estimates of overall prognosis. In this approach, the
process used for critical appraisal (i.e., evaluation by 2
reviewers with consensus or a third-party adjudica-
tion) in risk of bias assessment will be applied, con-
sidering study limitations (risk of bias), imprecision,
inconsistency, indirectness, and publication bias. The
confidence in cumulative evidence for each epidemio-
logical index or outcome measure will be graded in
one of four levels: high, moderate, low, and very low.
A summary of findings using GRADEpro GDT soft-
ware will be generated to illustrate the confidence in
cumulative evidence in all outcome measures [35].

Discussion

Ventilator-associated pneumonia is a complex and
multifactorial clinical condition associated with high
morbidity and mortality and has a staggering impact on
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healthcare costs. This premise is largely recognized in
the international body of literature [36] with little dis-
agreement [37, 38]. However, the clinical epidemiology
and outcomes of VAP in broad subgroups of critically
ill adult populations have not been clearly defined and
much remains to be understood. To date, a large num-
ber of primary studies have been identified; thus far,
none are conclusive. The present study is the first re-
view and meta-analysis that aims to investigate the
clinical epidemiology of VAP, including the overall
prognosis of and risk factors for morbidity and mor-
tality outcomes associated with this condition in
greater detail.

The relevance of this present review highlights the ur-
gent need to identify medium- and high-risk critically ill
patients targeting important risk factors for modification
and stratified management. The review results may be
used as a springboard for tool development (i.e., VAP
risk index) and clinical protocol design, which raises a
number of critical issues for research, policy, and clinical
practice considerations. Moreover, the review results are
critical to shed light on other potential predictors of
VAP morbidity and mortality outcomes, warranting fur-
ther investigation.

This present review, of course, has inherent strengths
and limitations. Strengths include an exhaustive search
of evidence, published or unpublished, without date and
language restrictions in five major scientific databases
and other sources; a comprehensive risk analysis plan
with a justified number of a priori subgroup analyses (in-
cluding a priori hypotheses with a pre-specified direc-
tion); and the utilization of the GRADE approach to rate
the quality of evidence. Limitations relate to the antici-
pated variability in critically ill populations, diagnostic
methods used, and study designs reported from included
studies; paucity of data regarding the clinical epidemi-
ology and outcomes of VAP in some countries; and the
lack of subgroup and adjusted analyses of prognostic fac-
tors within-study comparisons, as no individual patient
data will be obtained.

With this initiative effort to provide a substantial link
for the successful implementation of the VAP prevention
practices in critical care settings, the key players such as
healthcare practitioners, researchers, policymakers, and
hospital administrators are hoped to make productive
use of the review results, which is soon to be dissemi-
nated following this protocol.
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