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Abstract

Background Ventilator-associated pneumonia (VAP) is a common complication in intensive care unit (ICU) patients,
which increases morbidity rates and adversely affects outcomes. The associated risk factors and outcomes remain
controversial. The aim of the present studly is to explore the risk factors and clinical outcomes of patients with VAP.

Methods Two investigators conducted independent systematic Literature searches of Pubmed, Cochrane Database,
Scopus, Medline, Science Direct and Epistemonikos databases published from inception to November 2024. The
Newcastle-Ottawa Scale (NOS) was used to assess study quality. A meta-analysis was performed using the random-
effects Model. The systematic review protocol was registered in the CRDdatabase 42024538138 of the Prospective
International Registry of Systematic Reviews (PROSPERO). A subgroup analysis, bivariate meta-regression, and
sensitivity analysis were performed. Publication bias was assessed using a funnel plot and Egger's test. Certainty of
evidence was assessed using the GRADE (Grading of Recommendations Assessment, Development, and Evaluation)
methodology.

Results Twenty-two studies were included in the meta-analysis, with a total of 16,731 patients. Male gender

odds ratio (OR) 1.30 (95% Confidence interval (Cl) 1.18-1.44) p<0.05; the use of H2 blockers OR 2.24 (95% Cl 1.50-
3.37) p<0.05; tracheostomy OR 3.44 (95% Cl 2.0-5.92) p<0.05; prior antibiotic treatment OR 1.52 (95% Cl 1.08-

2.15) p<0.05; reintubation OR 5.11 (95% Cl 2.29-11.42) p<0.05; enteral feeding OR 4.73 (95% Cl 2.54-8.78) p<0.05;
Chronic Obstructive Pulmonary Disease (COPD) OR 1.52 (95% Cl 1.10-2.09) p<0.05; impaired consciousness at
hospital admission OR 3.14 (95% Cl 1.28-7.69) p<0.05; nasogastric tube OR 2.94 (95% Cl 1.56-5.53) p<0.05; use of
neuromuscular blockers OR 1.30 (95% Cl 1.13-1.49) p<0.05; trauma OR 1.47 (95% Cl 1.12-1.93) p<0.05, and days of
intubation prior to VAP OR 6.2 (95% Cl 1.09-11.3). A p<0.05 significantly increased the risk of VAP. In patients with
VAP, the average ICU stay was 12.7 days longer (95% Cl: 9.6-15.8) p<0.05; the duration of mechanical ventilation was
12.3 days longer (95% Cl: 9.27-15.34) p <0.05; the hospital stay was 16.1 days longer (95% Cl: 10.8-21.5) p <0.05. The
certainty of the evidence was low for most outcomes.
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Conclusions Male gender, use of H2 blockers, tracheostomy, prior antibiotic treatment, reintubation, enteral feeding,
COPD, impaired consciousness at hospital admission, nasogastric tube, use of neuromuscular blockers, trauma

and days of intubation prior to VAP significantly increased the risk of VAP. In patients with VAP, ICU stay, duration of
mechanical ventilation, and hospital stay presented significant increases.

Keywords Intensive care units, Mortality, Pneumonia ventilator associated, Patient outcome assessment, Risk factors

Background

Invasive mechanical ventilation (MV) is a cornerstone of
care for critically ill patients in the ICU. However, its pro-
longed use comes with risks, one of the most concerning
being VAP—a hospital-acquired infection that typically
develops after at least 48 h of MV [1, 2]. VAP is among
the most common ICU-acquired infections, contribut-
ing to higher morbidity, mortality [3—5], and healthcare
costs [6, 7]. Its Reported incidence varies widely, from 5
to 40%, depending on the setting and diagnostic criteria
[8,9].

Globally, the estimated prevalence of VAP is approxi-
mately 15.6% [10], with incidence rates ranging from 8.0
to 28.8% among at-risk patients and event rates of 1.4
to 16.5 per 1,000 ventilator days [11]. These variations
reflect differences in diagnostic criteria, institutional pre-
vention strategies, and regional healthcare conditions
[12, 13].

According to the National Healthcare Safety Network
(NHSN) of the Centers for Disease Control and Pre-
vention (CDC), the incidence of VAP has significantly
decreased in medical and surgical ICU over the past 15
years [14]. Despite this progress, preventing and manag-
ing VAP remains a major challenge [15]. Standardised
protocols, such as the Neumonia Zero initiative, have
helped reduce VAP rates in many ICUs worldwide
[16, 17].

Several risk factors have been linked to a higher like-
lihood of developing VAP, including older age, male
sex, prolonged MV duration, impaired consciousness,
comorbidities, severe burns, and prior antibiotic use
[18]. However, findings across studies are often incon-
sistent, especially in different patient populations and
ICU settings, including neonatal and specialised units
[19]. Research into VAP risk factors in adults is ongoing
[20, 21].

VAP is also associated with worse clinical outcomes,
such as longer MV duration, extended hospital stays,
and increased mortality—especially in cases involving
Gram-negative bacilli [22-24]. While some multicentre
prospective studies report high mortality rates linked to
VAP, others have found no significant difference, high-
lighting the need for further research [25, 26].

A previous systematic review by Wang et al. [19]
included 16 studies and Reported a pooled incidence
of VAP of 22%. Significant risk factors identified were
H, blocker use, nasogastric tube placement, enteral

feeding, central venous catheterisation, and tracheos-
tomy, whereas variables such as advanced age or rein-
tubation were not consistently associated with VAP.
Although the review suggested a potential associa-
tion between VAP and increased Mortality, the analysis
showed considerable heterogeneity. Importantly, that
study did not include meta-regression analyses or an
assessment of certainty using the GRADE approach, and
its search period was Limited up to 2019, prior to the
COVID-19 pandemic. These limitations highlight the
need for an updated systematic review using more rigor-
ous methodologies.

Building on these findings, our study expands the
evidence base by incorporating recent publications,
including those arising during the COVID-19 era, and
by applying advanced methods such as meta-regres-
sion, sensitivity analyses, and GRADE assessment. This
approach aims to provide a clearer understanding of the
risk factors and clinical outcomes of VAP, thereby con-
tributing to more effective preventive strategies and evi-
dence-based management in critically ill patients.

Methods

The methodology used in this systematic review and
meta-analysis was adapted and summarised from pro-
cedures described in previous studies conducted by our
research group [27]. This review included prospective
and retrospective cohort studies, cross-sectional stud-
ies, and case—control studies of ICU patients aged 18
years and older with VAP. The protocol was registered
in the PROSPERO database (CRD42024538138), and the
review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) guidelines [28]. Importantly, this review
is part of a broader research programme on ventilator-
associated pneumonia. A previous systematic review
by our group focused exclusively on patients with trau-
matic brain injury, whereas the present study addresses
risk factors and outcomes of VAP in all critically ill adult
populations.

Methodological quality was assessed independently
by two investigators (PO, HMPG) using the Newcas-
tle-Ottawa scale (NOS) [29]. Studies with seven stars
or more are considered high quality, those with four to
six stars moderate quality, and those with fewer than
four stars of poor quality. The certainty of the evi-
dence was evaluated using the GRADE (Grading of
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Recommendations Assessment, Development, and Eval-
uation) methodology.

Study question (PECO framework)

We addressed two complementary questions in adults
(=18 years) receiving invasive mechanical ventilation in
the ICU.

First (risk factors; PECO), we compared exposure ver-
sus non-exposure to patient-related factors (e.g., male sex,
COPD, impaired consciousness, trauma) and treatment-
related factors (e.g., tracheostomy, reintubation, naso-
gastric tube, enteral feeding, H, blockers, neuromuscular
blockers, prior antibiotic use, and duration of ventilation
before VAP) for the outcome of VAP. A meta-analysis was
performed for risk factors that were reported in at least
three studies.

Second (clinical impact; PECO), we considered expo-
sure as a diagnosis of VAP and the comparator as the
absence of VAP, evaluating clinical outcomes including
duration of mechanical ventilation, ICU length of stay,
hospital length of stay, and mortality.

Eligibility criteria

This systematic review and meta-analysis included pro-
spective and retrospective cohort studies and cross-
sectional studies of ICU patients aged>18 years with
VAP. The studies had to report on the risk factors for
VAP, clinical outcomes, or both. Full-text studies were
required to fully access the results. Studies including pae-
diatric patients were excluded. There were no restrictions
on the date or language of the studies included.

Search strategy

Two investigators (PO, HMPG) independently conducted
systematic Literature searches of PubMed, Cochrane
Database, Scopus, Medline Ovid, Science Direct, and
Epistemonikos databases, published from inception to
November 2024. Discrepancies between the investigators
were resolved with the intervention of a third investigator
(DMF), and manual searches were conducted by select-
ing reference lists of the articles included. The terms
“ventilator associated pneumonia’, “intensive care units’,
“risk factors’, “patient outcome assessment’, and articles
in all languages were included; the full search strategy is

described in Additional files 1.

Inclusion criteria

The inclusion criteria for our study were as follows: all
patients who had been on mechanical ventilation for
More than 48 h were included; articles had to provide a
clear operational definition and a diagnosis of VAP; arti-
cles had to report on risk factors or outcomes of VAP;
studies had to be cohort, cross-sectional, or case-control;
and the full text had to be available.
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Exclusion criteria

Systematic reviews, those whose unit of analysis was not
the patient, case reports, editorials, correspondence,
studies of patients without VAP.

Statistical analysis

Review Manager Software (RevMan5.3; Cochrane Col-
laboration, Oxford, UK) was used to perform a meta-
analysis of VAP risk factors and outcomes in VAP
patients. Mean differences and 95% confidence intervals
(95% CI) were calculated to compare the continuous
variables. For count data, odds ratios (OR) and 95% CI
were used. They were considered significantly associ-
ated with VAP when p<0.05. Heterogeneity, calculated
using the I? statistic, was considered to exist if I* >50%.
Random-effects models were used for the meta-analysis.
A subgroup analysis was conducted to identify sources of
heterogeneity in clinical outcomes, considering age (> 60
years), study type, and methodological quality assessed
with the NOS scale. Other subgroup analyses were per-
formed for risk factors based on the nature of the study
(prospective, retrospective, multicentre, and single-cen-
tre) and according to the diagnostic criteria for VAP. A
sensitivity analysis was conducted by removing outliers
for risk factors, and finally, a bivariate meta-regression
analysis was carried out. Publication bias was assessed
using a funnel plot and Egger’s test with Stata 18 [30-32].

Data synthesis and extraction

A set form was used to extract the following informa-
tion from the articles included: name and country of first
author, year of publication, type of study, sample size,
patients with VAP, their sex and age, definition of VAP,
risk factors, and clinical outcomes (mortality, duration of
mechanical ventilation, ICU stay, hospital stay). Rayyan
software was used for data extraction. Some studies pre-
sented continuous data using means and standard devia-
tions or medians and first and third quartiles. To use
these data in the meta-analysis, we converted the medi-
ans and first and third quartiles to means and standard
deviations using the method described by Wan et al. [33].
Risk factors mentioned in at least three studies will be
included in the analysis.

Results

The initial search yielded 2096 citations from seven data-
bases. A total of 2046 articles were excluded based on
their titles and abstracts, while another 28 were excluded
after full-text review, due to non-compliance with the
inclusion criteria or presentation of at least one of the
exclusion criteria. Ultimately, 22 studies were included in
the meta-analysis, comprising a total of 16,731 patients (a
detailed flow chart is shown in Fig. 1).
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[ Identification of studies via databases and registers ]

Records identified from*:
Databases (n = 7)
Registers (n =2096)
PUBMED (1545)
COCHRANE (98)
SCIENCE DIRECT (61)
SCOPUS (51)
MEDLINE (128)
EMBASE (141)
EPISTEMONIKOS (72)

_ |

Title/abstract records
screened
(n =2096)

!

Full text articles screened
(n =50)

)

Identification

[

Screening

!

Studies included
analysis 22

in meta-
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Fig. 1 Study selection flowchart

Characteristics of the studies included

The different characteristics of the studies are listed in
Table 1. Eighteen studies were cohort studies [25, 26,
34-39]([40-49] and four case-control studies [50-53].
The studies were published between 2000 and 2023. In
18 studies, the definition of VAP was based on clinical,
radiographic, and microbiological criteria [25, 26, 34, 35,
37-40, 42, 45-53]; one study used the Centers for Disease
Control and Prevention (CDC) criteria [36]; two studies
used the clinical pulmonary infection score (CPIS) [41,
44]; One study used the criteria of the American Thoracic
Society/Infectious Diseases Society of America guide-
lines [43].

Risk factors

Patient-related factors

Twenty-four potential risk factors were identified and
reported in at least three studies. Among patient-related
factors, a significant association was observed between
male sex and VAP (OR 1.30; 95% CI 1.18-1.44; p<0.05;
I* 0%; 16 studies, 11,177 patients). A history of COPD
was also associated with increased risk (OR 1.52; 95% CI
1.10-2.09; p<0.05; 1> 75%; 10 studies, 10,227 patients).

Records excluded
(n =2046)

Reason 1: Duplicates (1700)
Reason 2: paediatric and/or neonatal
population(180).

Reason 3: outcomes not assessed (166)

Reports excluded: (28)

Reason 1: Protocols studies (15).
Reason 2: Editorials (5).
Reason 3: Case reports (8).

Impaired consciousness at hospital admission showed a
strong association (OR 3.14; 95% CI 1.28-7.69; p<0.05;
I? 83%; 3 studies, 373 patients). Trauma as the reason for
ICU admission was another risk factor (OR 1.47; 95% CI
1.12-1.93; p<0.05; I> 0%; 3 studies, 345 patients). No sig-
nificant associations were found for age, smoking, poi-
soning, diabetes, cardiac disease, APACHE II, SAPS II,
immunosuppression, or chronic kidney disease.

Treatment-related factors

Several treatment-related factors were significantly asso-
ciated with VAP. The use of H, blockers was associated
with increased risk (OR 2.24; 95% CI 1.50-3.37; p<0.05;
I? 0%; 6 studies, 957 patients). Tracheostomy showed a
strong association (OR 3.44; 95% CI 2.0-5.92; p <0.05; I?
77%; 10 studies, 2,821 patients), as did reintubation (OR
5.1; 95% CI 2.29-11.42; p<0.05; I* 77%; 4 studies, 679
patients). Enteral feeding was another important fac-
tor (OR 4.7; 95% CI 2.54-8.78; p<0.05; I* 57%; 5 stud-
ies, 1,894 patients), as well as nasogastric tube use (OR
2.94; 95% CI 1.56-5.53; p<0.05; I* 20%; 5 studies, 671
patients). Neuromuscular blocker use was also signifi-
cant (OR 1.30; 95% CI 1.13-1.49; p < 0.05; I> 0%; 3 studies,
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4,126 patients), as was prior antibiotic treatment (OR
1.52; 95% CI 1.08-2.15; p<0.05; I* 57%; 5 studies, 2,382
patients). Finally, the duration of ventilation prior to VAP
onset was strongly associated with risk (OR 6.2; 95% CI
1.09-11.3; p<0.05; I* 98%; 5 studies, 2,565 patients). No
significant associations were identified for corticosteroid
use, emergency intubation, or previous surgery.

The results of the meta-analysis of risk factors are dis-
played in Table 2, and the forest plots are provided in
Supplementary File 1.

Clinical outcomes

The pooled results from 15 studies showed that VAP was
not associated with Mortality, OR 1.24 (95% CI: 0.94—
1.63), p=0.12, I* 87%. VAP was associated with a longer
ICU stay, mean difference 12.74 (95% CI: 9.66—15.81),
p<0.05, I 95%; it significantly lengthened the duration
of mechanical ventilation, mean difference 12.3 (95% CI:
9.27-15.34), p<0.05, I* 95%; finally, patients with VAP
had a prolonged hospital stay, mean difference 16.17 (95%
CI: 10.83-21.52), p<0.05, I* 96%, as shown in Figs. 2 and
3.

The differences between the findings of this updated
meta-analysis and those of the previous systematic
review by Wang et al. [19] can be seen in Table 3, which
summarises the variations in study inclusion, identi-
fied risk factors, clinical outcomes, and methodological
approaches.

Publication bias

No publication bias was evident in any of the clinical
outcomes. The results for publication bias were: mortal-
ity analysis, Egger’s test (p=0.13), Begg’s test (p=0.74);
duration of mechanical ventilation, Egger’s test (p = 0.24),
Begg’s test (p=0.43); ICU stay, Egger’s test (p=0.01),
Begg’s test (p=0.47); and hospital stay, Egger’s test
(p=0.96), Begg’s test (p=0.76). A funnel plot is presented
in Additional file.

Assessment of the methodological quality of the studies
The results of the quality assessment of the studies
included are shown in Supplementary Tables 1 and 2. Ten
studies were of high quality [34, 35, 38, 42, 45, 46, 49-52];
eleven of moderate quality [25, 26, 36, 37, 39-41, 43, 44,
47, 53] and one study of low quality [48].

The certainty of the evidence was defined as follows:

« High for length of hospital stay in the case-control
study.

+ Moderate for duration of mechanical ventilation in
the cohort.

+ Low for mortality in cohort studies, duration of
mechanical ventilation in case-control studies, ICU
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length of stay in case-control studies and cohorts,
and hospital length of stay in cohort studies.

+ Very low for mortality in the case-control studies
(See supplementary files).

Subgroup analysis, bivariate meta-regression, and
sensitivity analysis

A subgroup analysis was performed for clinical out-
comes. The subgroups used were: age over 60 years,
study type, and quality assessment with the NOS. The
analysis for the subgroup >60 years found no reduction
in heterogeneity in any of the outcomes measured: Mor-
tality OR 1.32 (95% CI: 0.96-1.83), p<0.05, I* 89%; ICU
length of stay MD 13.58 (95% CI: 8.68—18.47), p<0.05, I*
95%; duration of mechanical ventilation MD 14.74 (95%
CL: 12.39-17.09), p<0.05, I* 88%; length of hospital stay
MD 11.17 (95% CI: 10.83-21.52), p<0.05, I* 96%. Sub-
group analysis by study type did not show a significant
decrease in heterogeneity either; finally, analysis of meth-
odological quality showed that in studies with Moderate
methodological quality according to the NOS, VAP was
significantly associated with Mortality, OR 1.68 (95% CI:
1.32-2.15), p<0.05, I* 17%.

No significant increase in Mortality was observed in
studies with a VAP diagnosis based on clinical, radio-
graphic, and microbiological criteria, showing high het-
erogeneity, OR 1.25 (95% CI: 0.94-1.65), p=0.12, I* 88%.

The subgroup analysis showed reductions in hetero-
geneity for corticosteroid use in multicentre studies, OR
1.03 (95% CIL: 0.91-1.17), p=0.62, I* 0%; for COPD in
multicentre studies, OR 1.11 (95% CI: 0.90-1.37), p=0.32,
I 0%; for diabetes mellitus, OR 1.14 (95% CI: 1.0-1.30),
p=0.05, I” 16%; and for corticosteroid use in prospective
studies, OR 1.03 (95% CI: 0.91-1.17), p=0.59, I 0%; and a
reduction in heterogeneity for enteral feeding in prospec-
tive studies, OR 4.54 (95% CI: 2.40-8.57), p<0.55, I* 0%.

The findings of the sensitivity analysis, after removing
outliers, showed a reduction in heterogeneity for trache-
ostomy (I> 27%), prior antibiotics (I* 0%), reintubation (I*
38%), enteral feeding (I* 0%), impaired consciousness (I*
40%), corticosteroid use (I* 0%), COPD (I* 0%), APACHE
IT (I* 38%), and SAPS II (I* 0%).

Meta-regression analysis showed that age>60 years
did not have a significant impact on outcome, coefficient
-0.007, z -1.33 (95% CI -0.01 to 0.003), p=0.18; addi-
tionally, study size was significantly associated with the
log odds ratio observed in the studies examined, coef-
ficient 0.54, z 2.0 (95% CI 0.02 to 1.06), p =0.04. Finally,
higher quality studies tended to show smaller effect sizes
than lower quality studies, coefficient — 0.001, z —3.4 (95%
CI -0.00 to —-0.001), p=0.001. The sensitivity analysis for
clinical outcomes did not reduce heterogeneity.
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Table 2 Risk factors for VAP analysed in the meta-analysis

Risk Factors # Studies Hetero- Pooled OR/MD p
geneity (95% Cl)
12 (%)
Patient-related
factors
Gender (male) 16 0 OR1.30(1.18,1.44) <0.05
COPD 10 75 OR1.52(1.10,2.09) <0.05
impaired con- 5 83 OR3.14(1.28,769) <0.05
sciousness at hos-
pital admission
Poisoning 6 0 OR1.04(0.70,1.53) 0.86
Smoking 5 0 OR097(0.78,1.21) 0.79
Use of 13 52 OR1.22(0.99,1.51) 0.06
corticosteroids
Diabetes mellitus 10 65 OR1.0(0.79,1.28) 097
Cardiac disease 7 38 OR0.98(0.76,1.27) 0.89
Age 14 84 MD 0.04 (-1.57, 0.96
1.65)
Trauma 7 0 OR147(1.12193) <0.05
Chronic kidney 6 24 OR0.88 (0.68,1.13) 0.31
disease
APACHE Il 7 90 MD 2.01 (0.60, 3.43) <0.05
SAPS I 4 85 MD 0.70 (—2.84, 0.7
4.23)
Treatment-relat-
ed factors
H2 blocker 6 0 OR2.24(1.50,3.37) <0.05
Tracheostomy 11 77 OR3.44(2.00,592) <0.05
Prior antibiotic 5 57 OR1.52(1.08,2.15) <0.05
treatment
Reintubation 6 77 OR5.11(2.29, <0.05
11.42)
Enteral feeding 6 57 OR4.73(2.54,878) <0.05
Nasogastric 5 20 OR 294 (1.56,5.53) <0.05
tube
vNeuromuscular 3 0 OR1.30(1.13,149) <0.05
blocker use
Days of intuba- 5 98% MD 6.20 <0.05
tion prior to VAP (1.09,11.30)
Emergency 3 74 OR 2.39(0.36, 0.36
intubation 15.67)
Previous 10 13 OR 1.09(0.88,1.34) 043
surgery

OR Odds ratio, MD Mean difference, APACHE Acute Physiology And Chronic
Health Evaluation, SAPS Il Simplified Acute Physiology Score I, COPD Chronic
Obstructive Pulmonary Disease, Values in bold indicate statistical significance

The forest plot of the subgroup analysis, bivariate
meta-regression, and the sensitivity analysis can be seen
in Supplementary file.

Discussion

This systematic review and meta-analysis, including
22 studies and 16,731 patients, identified several sig-
nificant risk factors for VAP, such as male sex, use of
H, blockers, tracheostomy, prior antibiotic treatment,
reintubation, enteral feeding, impaired consciousness at
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admission, nasogastric tube use, use of neuromuscular
blockers, trauma, and prolonged duration of ventilation.
Subgroup analyses based on age> 60, study design, and
quality assessment did not substantially reduce hetero-
geneity, although moderate-quality studies according to
NOS showed a significant association between VAP and
mortality with low heterogeneity. Additional subgroup
analyses of multicentre and prospective studies reduced
heterogeneity for selected factors such as corticosteroid
use, COPD, diabetes, and enteral feeding. Sensitivity
analyses after removing outliers also improved consis-
tency for tracheostomy, prior antibiotics, reintubation,
enteral feeding, impaired consciousness, corticosteroid
use, COPD, APACHE II, and SAPS II. Meta-regression
indicated that sample size contributed to heterogeneity
across studies. Patients with VAP had significantly longer
durations of mechanical ventilation, ICU stay, and hos-
pitalisation. Overall, study quality was high in ten stud-
ies, moderate in eleven, and low in one, but the certainty
of the evidence for most outcomes remained low due to
heterogeneity.

VAP is the most common infection acquired in the ICU
[54]. Despite advances in microbiological diagnostics,
its epidemiology and diagnostic criteria remain contro-
versial, which complicates the interpretation of studies
on treatment, prevention, and outcomes [9]. Identifying
risk factors is therefore essential to enable closer moni-
toring and timely interventions. In this context, it is
important to distinguish between modifiable and non-
modifiable risk factors. Modifiable factors can potentially
be addressed through preventive strategies, such as seda-
tion management, ventilatory practices, and nutritional
approaches [55, 56]. By contrast, non-modifiable fac-
tors—such as age, sex, comorbidities, and baseline sever-
ity—inform risk stratification and guide the intensity of
surveillance [57].

Our results indicate that both patient- and treatment-
related factors contribute to VAP risk. Male sex and the
need for tracheostomy were significantly associated with
increased risk, in agreement with a previous meta-analy-
sis [58]. The use of neuromuscular blockers also showed
a significant association, consistent with the findings of
Garnier et al. [38]. Prior antibiotic exposure, a factor of
ongoing international concern, was confirmed in our
study as a significant risk factor for VAP, corroborating
results from earlier reports [18, 59].

The causal association between enteral nutrition and
VAP remains controversial. In our meta-analysis, enteral
feeding emerged as a significant risk factor, consistent
with previous studies [60, 61]. Several mechanisms have
been proposed, including vomiting, aspiration, and gas-
trointestinal intolerance due to gastroparesis, which may
lead to increased gastric volume and reflux [62] Although
these mechanisms are biologically plausible, the evidence



Ochoa et al. BMC Pulmonary Medicine (2025) 25:453

A Global Mortality
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With VAP Without VAP Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Erbay RH et al. 2004 26 37 21 60  5.0% 4.391[1.82,10.61]
Garnier M etal. 2023 329 1523 545 1865 10.3% 0.67 [0.57,0.78] -
GarnierM etal. 2023 * 456 1523 618 1865 10.3% 0.86 [0.75, 1.00] -
Joseph NM et al. 2009 6 36 33 164  4.6% 0.791(0.31,2.07] — T
Karatas M et al. 2016 116 178 512 974  9.2% 1.69[1.21, 2.36] -
Martinez-Martinez M et al. 2021 35 100 24 150  7.0% 2.83[1.55,5.15] I
Nseir S etal. 2007 73177 95 177 8.5% 0.61 [0.40, 0.92] —_—
Ranjan N etal. 2014 29 60 ] 45  50% 3.74[1.54,98.10] —_—
Ranjit S etal. 2011 5 22 10 45  3.4% 1.03[0.30, 3.49] Tt
Reyes LF etal. 2023 268 610 1017 2677 10.2% 1.28[1.07,1.53] =
Rocha L de A et al 2008 27 34 89 191 7.5% 0.54 [0.32, 0.93] —_—
SixSetal 2016 7314 130 362 8.7% 1.92[1.29, 2.84] —
Sofianou et al. 2000 18 67 31 131 6.5% 1.18[0.60, 2.32] -
Teng G etal. 2022 8 40 7 49 3.8% 1.50 [0.49, 4.57] O
Total (95% CI) 4598 8755 100.0% 1.24[0.94, 1.63] »
Total events 1469 34
Heterogeneity: Tau®= 0.18; Chi*= 98.21, df=13 (P < 0.00001); F=87% :0 01 0:1 150 100=

Test for overall effect: Z=1.54 (P=0.12)

Without VAP With VAP

B Duration of Mechanical Ventilation

With VAP Without VAP
Study or Subgroup Mean SD Total Mean

SD Total Weight IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Mean Difference

Apostolopoulou E. etal. 2003 225 147 56 8 63 119

Garnier M etal. 2023 27.3 185 1523 11.3 103 1865
Karatas M et al. 2016 235 103 178 126 7.4 974
Martinez-Martinez M et al. 2021 263 105 100 133 89 150
Nseir S etal. 2007 28 14 177 27 14 177
Papakrivou E etal. 2020 14 63 45 11 54 78
PawlikJ etal. 2022 276 282 52 76 81 319
Ranjit S etal. 2011 188 7.7 22 73 41 47
Reyes LF etal. 2023 26.3 16.3 610 13 96 2677
Rocha L de Aet. al 2008 232 172 84 76 54 191
SixSetal 2016 30 194 141 103 89 362

Total (95% Cl) 2988 6959
Heterogeneity: Tau? = 23.55; Chi#= 205.01, df= 10 (P < 0.00001); F= 95%
Test for overall effect; Z= 7.95 (P < 0.00001)

100.0%

8.6% 14.50 [10.49,18.51] -
10.0% 16.00 [14.96, 17.04] =
9.9%
9.5% 13.00 [10.50, 15.50] -
9.3%
a7%
6.1% 20.00[12.28,27.72] —
9.0%
10.0% 13.30 [11.96, 14.64] .
8.8% 15.60 [11.84, 19.36] -
9.1% 19.70 [16.37, 23.03] -

10.90 [9.32, 12.48] .

1.00 [1.92, 3.92] T
3.00[0.80, 5.20] -

11.50[3.08, 14.92] -

12.30 [9.27, 15.34] +

1 Il
T

100 -50 0 50 100
Without VAP With VAP

Fig. 2 Forest plot of clinical outcomes. Garnier: 28-day mortality. Garnier**: 28-day mortality

remains inconsistent and further studies are required to
clarify this association.

The role of the nasogastric tube as a potential con-
founder also deserves consideration. In our analysis,
nasogastric tube use was significantly associated with
VAP, in line with previous reports [18]. Permanent gas-
tric tubes may impair sphincter function and facilitate
bacterial colonisation of the pharynx and lower respi-
ratory tract. Future research should therefore address
whether the increased risk is primarily attributable to
enteral nutrition itself or to the device. Recent recom-
mendations from the Neumonia Zero project support the
use of small-bore tubes advanced into the small intestine
as a safer alternative [16].

Reintubation was significantly associated with VAP,
consistent with previous studies [63].The transfer of
organisms from the upper to the lower respiratory tract
may explain this increased risk [64]. The use of H, block-
ers also showed a significant association, in line with

earlier reports and possibly related to gastric alkalisation
[65]. In addition, patient-related factors such as COPD
and impaired consciousness were confirmed as signifi-
cant contributors, consistent with prior findings [66, 67].

In agreement with previous studies [3, 44, 68], our
meta-analysis confirmed that patients with VAP experi-
ence longer durations of mechanical ventilation, ICU
stay, and hospitalisation. Although Mortality rates of
up to 50% have been reported [9], the actual contribu-
tion of VAP to mortality in critically ill patients remains
uncertain. Some studies suggest that VAP increases mor-
tality [38, 45], but our analysis did not demonstrate a
consistent association. The heterogeneity of results may
account for these discrepancies. Interestingly, subgroup
analyses based on NOS assessment indicated a signifi-
cant association between VAP and mortality in studies
of moderate quality, which may reflect potential biases in
this subgroup.
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C Duration of ICU Stay
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With VAP Without VAP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Apostolopoulou E. et al. 2003 279 16.7 56 103 74 119 96% 17.60[13.03, 2217] -
Garnier M et al. 2023 ** 30 178 1523 143 96 1865 121% 1570[14.71,16.69] s
Karatas M etal. 2016 26.,7 16.3 178 181 127 974 11.3% 8.60([6.08,11.12) -
Martinez-Martinez M et al. 2021 26.3 105 100 133 89 150 11.3% 13.00[10.50,1550] »
Nseir S etal. 2007 N 17 77 30 14 177 108% 1.00[-2.24,4.24] T
Papakrivou E et al. 2020 246 27 45 12 1 78 12.2% 1260[11.78,13.42] .
Pawlik J et al. 2022 426 381 52 96 11 319 51% 33.00([2257, 4343 -
Ranjit S etal. 2011 29 17.8 22 822 51 47 7.0% 19.78[12.20, 27.36] ———
SixSetal 2016 328 198 141 133 104 362 10.6% 1950[16.06, 22.94] -
Teng G etal. 2022 194 96 40 203 M 49  99%  -0890[5.18, 3.39] -
Total (95% ClI) 2334 4140 100.0% 12.74[9.66, 15.81] ¢
Heterogeneity: Tau®= 20.07; Chi*= 168.29, df= 9 (P < 0.00001); F= 95% 5_100 _550 550 100‘
Test for overall effect: Z=8.12 (P < 0.00001) Without VAP With VAP
D Length of Hospital Stay
With VAP Without VAP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Garnier M et al. 2023 43 237 1523 25 16.3 1865 26.0% 18.00[16.60,19.40] "
Karatas M etal. 2016 26.,7 16.3 178 181 127 974 250% 8.60([6.08,11.12] =
Reyes LF etal. 2023 41.3 222 610 19 2.2 2677 257% 22.30[20.54,24.06] =
Rocha L de Aet al 2008 247 169 84 92 67 191 234% 1550[11.76,19.24] -
Total (95% CI) 2395 5707 100.0% 16.17 [10.83, 21.52] L 2
HYl . R . X 1 1 1
Heterogeneity: Tau‘:_ 28.18; Chi*=77.57, df=3 (P < 0.00001); F= 96% Hoo 20 ;) n 100
Test for overall effect: Z=5.93 (P < 0.00001) Without VAP With VAP

Fig. 3 Forest plot of clinical outcomes. Garnier: 28-day mortality. Garnier **

Limitations

This meta-analysis has several limitations. Firstly, the
diagnostic criteria for VAP used in the studies were
inconsistent. It would be beneficial to establish a clear
and uniform diagnostic standard for VAP in the future.
Secondly, a high degree of heterogeneity was observed in
the meta-analysis of some risk factors and clinical out-
comes. Finally, the low rating of the certainty of clinical
outcomes, in combination with the high heterogeneity
observed in the meta-analysis, suggests that the results
should be interpreted with caution and that further
research is needed to clarify the outcomes of VAP.

Strengths of the study

Our study also has several strengths. Firstly, the num-
ber of studies included in the meta-analysis provides
a broad and representative basis for the analysis. Sec-
ondly, the large number of patients studied enhances the
robustness and generalisability of the results. Thirdly, the
examination of a wide range of risk factors and clinical
outcomes offers a comprehensive understanding of VAP.
Additionally, the subgroup analyses and sensitivity analy-
sis increase the study’s methodological rigour. Finally,
the careful formulation of the search strategies, study

: 28-day mortality

selection, and data entry and analysis ensures the accu-
racy and reliability of the findings.

Implications for clinical practice

This study has important implications for clinical prac-
tice, particularly in distinguishing modifiable from non-
modifiable risk factors for VAP. While non-modifiable
factors such as sex or underlying comorbidities support
risk stratification and closer surveillance, modifiable fac-
tors—including reintubation, tracheostomy, sedation
practices, and enteral nutrition strategies—represent
actionable targets for prevention. Addressing these fac-
tors through evidence-based bundles and multidisci-
plinary protocols can reduce the incidence of VAP and
improve patient outcomes. Recognising these risks is
crucial not only for reducing the duration of mechani-
cal ventilation, ICU stay, and hospitalisation, but also for
enhancing overall recovery and quality of care in criti-
cally ill patients.

Future directions

Future research should focus on standardising the diag-
nostic criteria for VAP, assessing the interaction between
risk factors and co-interventions, and exploring the role
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Table 3 Comparison between Wang et al. (2019) and the
present updated meta-analysis

Wang et al. (2019)
16 (12 meta-analysed)

Characteristic Present review

Number of stud-
ies included

22 (all meta-analysed)

Search period Up to August 2019 Up to November 2024

Population Adults in ICU (multi-  Adults in ICU, including
centre and single- recent studies (COVID-19
centre studies) included)

Significant risk H, blocker use, Male gender, the use of H2

factors nasogastric tube, blockers, tracheostomy,
enteral feeding, cen- prior antibiotic treatment,
tral venous catheter, reintubation, enteral
tracheostomy feeding, COPD, impaired

consciousness, nasogastric
tube, use of neuromuscu-
lar blockers, trauma, days
of intubation prior to VAP,

Significant 1 ICU stay, 1 hospital 1 Duration of MV, 1 ICU

outcomes costs (~$10,019)and 1 and hospital stay.
mortality.

Sensitivity analysis No Yes

Meta-regression ~ No Yes

GRADE No Yes

assessment

Added value First meta-analysis of ~ Update with larger

number of studies, more
rigorous methods and
COVID-19 context.

COPD Chronic Obstructive Pulmonary Disease, MV Mechanical Ventilation,

ICU Intensive Care Unit, GRADE Grading of Recommendations Assessment,
Development and Evaluation

incidence, risk factors
and mortality

of emerging technologies to monitor and prevent com-
plications associated with mechanical ventilation. In
addition, well-designed, prospective multicentre studies
are needed to clarify the true contribution of controver-
sial factors, such as enteral nutrition and prior antibiotic
exposure, to the development of VAP.

Conclusions

Male gender, the use of H2 blockers, tracheostomy,
prior antibiotic treatment, reintubation, enteral feeding,
COPD, impaired consciousness at hospital admission,
nasogastric tube use, use of neuromuscular blockers,
trauma and days of intubation prior to VAP significantly
increased the risk of VAP. In patients with VAP, ICU stay,
duration of mechanical ventilation and hospital stay were
significantly increased.
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g/10.1186/512890-025-03932-2.
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