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Abstract

Introduction: Ventilator-associated pneumonia is a serious healthcare-associated infection that develops after the initiation of
mechanical ventilation and results in substantial morbidity, prolonged mechanical ventilation, increased hospital length of stay,
and healthcare costs. So, this study aims to estimate the prevalence of Ventilator-Associated Pneumonia in a Neurological
Intensive care unit.

Methods and materials: This systematic review and meta-analysis was conducted and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses statement. A comprehensive literature search was conducted in
PubMed, Embase, Scopus, Web of Science, CINAHL, Google Scholar, and Cochrane Library from database inception to August
13. The methodological quality of the included studies was independently assessed by all reviewers using an appropriate Joanna
Briggs Institute critical appraisal tool. Meta-analysis was carried out using a random-effects method using the STATA™ Version
14 software.

Result: 32 studies involving 87416 participants were included in this meta-analysis. The prevalence of ventilator associated
pneumonia ranged from 0.7 to 70.0%, with the highest 39.8% (95% CI: 27.2-52.5) seen in Europe and the lowest 23.1% (95%
Cl: 15.0-31.2) seen in North America. The overall estimated pooled prevalence of ventilator associated pneumonia Neurological
Intensive care unit with a random-effects model was 29.7% (95% ClI: 26.2- 33.2).

Conclusion: Despite the implementation of various interventions aimed at preventing and minimizing the incidence of
ventilator-associated pneumonia. VAP remains a significant problem among patients admitted to neurological intensive care
units; approximately one in three mechanically ventilated neurological ICU patients develop VAP. Therefore, strengthening
early recognition, and implementing evidence-based infection-control strategies is essential.

Keywords: Prevalence, Ventilator-Associated Pneumonia, Intensive care unit, meta-analysis.

Introduction

Ventilator-associated pneumonia (VAP) is a serious healthcare-
associated infection and remains one of the most important
infectious complications encountered in intensive care units
(ICUs) [1-4]. Generally, it occurs after the initiation of
mechanical ventilation and results substantial morbidity,
prolonged mechanical ventilation, increased hospital length of
stay, and healthcare costs [5-8]. It is primarily related to the
aspiration of microorganisms into the lower respiratory tract,
while endotracheal intubation, impaired airway defense
mechanisms, prolonged mechanical ventilation, and disruption
of normal respiratory flora [9-11]. Despite advances in infection
prevention practices and ventilator-care bundles [12-14], VAP

continues to represent an important challenge in critical care
practice.

Furthermore, patients admitted to neurological critical care units
may be particularly susceptible to VAP because of the
distinctive pathophysiological and clinical characteristics of
acute neurological illness [15]. Acute brain injury, stroke,
intracranial hemorrhage, and other neurological disorders may
result in impaired consciousness, dysphagia, loss of protective
airway reflexes, and ineffective cough, thereby increasing the
risk of aspiration and lower respiratory tract infection [16, 17].
In addition, neurological ICU patients frequently require
endotracheal intubation and prolonged mechanical ventilation,
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while interventions such as sedation, tracheostomy, external
ventricular drainage, intracranial pressure monitoring, and
therapeutic hypothermia may further complicate their clinical
course [18].

A study indicates that neurological injury-associated immune
dysfunction, the frequent use of invasive devices, and other
factors predispose to healthcare-associated infections like VAP
[19, 20]. The burden of VAP is clinically important because
neurological patients are particularly  vulnerable to
complications that may interfere with neurological recovery.
Also, VAP can prolong mechanical ventilation and ICU
admission [21].

It is assumed that accurate estimation of the prevalence of VAP
in neurological ICUs is important for infection-prevention
planning, allocation of resources, development of evidence-
based ventilator-care protocols, and identification of risk
groups. However, the available evidence remains fragmented.
Therefore a comprehensive synthesis of evidence on patients
managed in neurological intensive care settings is needed to
provide a precise estimate of the overall burden. Therefore, this
systematic review and meta-analysis aims to estimate the pooled
prevalence of ventilator-associated pneumonia among patients
admitted to neurological intensive care units.

Objective of the study

v' To estimate the pooled prevalence of ventilator-associated
pneumonia among patients admitted to neurological
intensive care units.

Methods and materials

Study design, reporting, and information sources and search
strategy

This systematic review and meta-analysis was reported in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 statement [22]. A
comprehensive literature search was conducted in PubMed,
Embase, Scopus, Web of Science, CINAHL, google scholar,
and Cochrane Library from database inception to up to August
13. Additional studies were identified by manually screening the
reference lists of included studies and by conducting citation
tracking of key eligible articles.

The search strategy combined medical subject headings and
free-text terms. Search terms include:- “ventilator-associated

EEINNT

pneumonia,” “VAP,” “neurological intensive care,” “neuro
ICU,” “neurologic intensive care unit,” “mechanical
ventilation,” “traumatic brain injury”, stroke”, “neurological
disease”, “TBI, 7, “intracerebral hemorrhage”, “status

epilepticus”, and “global”. The search terms were connected
using Boolean operators, “AND” & “OR”.

Eligibility criteria

The eligibility criteria were developed according Cochrane
acronym POCC (Population, Outcome, Condition, and Context)
was employed to guide the retrieval of studies across different
databases.

Population: - Studies conducted among patients admitted to
neurological critical care units who received invasive
mechanical ventilation were eligible. Patients with neurological
conditions including traumatic brain injury, stroke, intracerebral
hemorrhage, subarachnoid hemorrhage, status epilepticus, and
other acute neurological disorders were considered eligible.

Concept: - ventilator-associated pneumonia.

Context: - Studies conducted in neurological intensive care
units.

Outcome: -The prevalence of VAP among mechanically
ventilated neurological ICU patients.

Design: - observational studies, including prospective or
retrospective  cohort  studies,  cross-sectional  studies,
surveillance studies, or other observational designs reporting
primary data published in English. Whereas studies were
patients receiving only non-invasive ventilation, did not report
VAP as an outcome, case reports, case series, editorials, letters,
commentaries, conference abstracts without sufficient data,
protocols, narrative reviews, systematic reviews, or meta-
analyses will be excluded from this study.

Study selection

All identified records were imported into EndNote, and
duplicate records were removed. All reviewers independently
screened the titles and abstracts of retrieved records against the
predefined eligibility criteria. Potentially relevant articles were
retrieved in full text and independently assessed. Disagreements
between reviewers were resolved through discussion and
consensus. When consensus could not be reached, a third
reviewer resolved the disagreement.

Data extraction

A standardized data extraction form was developed before data
extraction. Each reviewers independently extracted data from
the included studies. The following information was extracted:
First author and year of publication, Country, Study design,
Sample size, and prevalence of VAP. Any disagreement during
data extraction was resolved through discussion or consultation
with a third reviewer.

Quality assessment of the studies
The methodological quality of the included studies was
independently assessed by all reviewers using an appropriate
Joanna Briggs Institute (JBI) critical appraisal tool [23]. Any
discrepancy in the result was resolved through careful
examination of the studies together.

Data synthesis and statistical analysis

A random-effects model was used to obtain the pooled
prevalence estimate. The pooled estimates were presented with
corresponding 95% confidence intervals (Cls). Statistical
heterogeneity among studies was assessed using Cochran's Q
test and the 12 statistic. The 12 statistic was interpreted
approximately as 25%, 50%, and 75% representing low,
moderate, and high heterogeneity, respectively [24]. Subgroup
analyses were conducted to explore potential sources of
heterogeneity. Sensitivity analyses, potential small-study effects
and publication bias were assessed for quantitative synthesis.
Funnel-plot and Egger's regression test were used to assess
publication bias. All statistical analyses were conducted using
Stata version 14 statistical software.

Results

Study selection

Initially, a total of 11,226 studies were retrieved from the
databases and manual searching. From this, 2157 duplicates
were found and removed. The remaining 9058 articles were
screened by their title and abstract, and 3217 irrelevant articles
were removed. Following further screening 5841, articles were
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32 studies fulfilled the inclusion criteria and enrolled in the
study. The detailed retrieval process is shown in (Fig 1).

sought for retrieval, and then 5727 articles were assessed for
eligibility. Out of these, 5695 of them were excluded due to the
reported prevalence of specific comorbidity. Finally, a total of
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Figure 1: PRISMA flowchart diagram of the study selection.

in Asia. From the included studies, the prevalence of ventilator
associated pneumonia ranged from 0.7[36] to 70.0 % [38]
(Table 1).

Characteristics of study

The 32 studies [25-56] included 87416 participants. Most of
studies were retrospective cohort studies. The sample size
ranged from 71 [38] to 39686 [36]. Most studies were conducted

Table 1: Characteristics of the included studies in the systematic review and meta-analysis.

Authors Name Study area Study design Sample size Prevalence with 95% Cl
de Montmollin E, (2019) | France Retrospective 195 40(33.1-46.8)
Kasuya Y,(2011) USA Retrospective 111 28(19.6-36.5)
Xu CY,(2021) China Retrospective 329 66.4(61.2-71.5)
Josephson SA, (2010) USA Retrospective 585 4.1(2.4-5.7)
Battaglini D, (2023) Multi-center Retrospective 1285 39.5(36.8-42.1)
Teng G, (2022) China Retrospective 89 44.9(34.5-55.2)
Lepelletier D, (2010) France Retrospective 161 21.1(14.7-27.4)
Esnault P, (2017) France Retrospective 175 60.6(53.3-67.8)
Gamberini L, (2019) Italy Cross-sectional 223 58.7(52.2-65.1)
Robba PC, (2020) Europe Observational study | 962 20.4(17.8-22.9)
Zygun DA, (2006) Canada Prospective cohort 134 45(36.5-53.4)
Yu Z, (2024) China Retrospective 39686 0.7(0.6-0.7)
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Hui X, (2013) United States & | Retrospective 24525 12.6(12.1-13.0)
Puerto Rico

Sachdeva D, (2017) India clinical study 71 70(59.3-80.6)
Xie J, (2018) China Observational study | 2492 29.5(27.7-31.2)
Shrestha DK, (2019) Nepal Observational study | 106 33(24.0-41.9)
Chang PH, (2024) Taiwan Retrospective 8615 5.6(5.1-6.0)
Bayrakgi S, (2025) Turkey Retrospective 840 24.2(21.3-27.0)
Zirpe K, (2025) India Observational study | 457 24.9(20.9-28.8)
Kasuya Y,(2011) USA Observational study | 622 31.3(27.6-34.9)
Elsheikh M, (2024) Egypt Prospective cohort 315 19.7(15.3-24.0)
Kilinc S, (2026) Turkey Retrospective 340 50(44.6-55.3)
Tegegne EM, (2025) Ethiopia Retrospective 335 31.3(26.3-36.2)
Belay CM, (2022) Ethiopia Retrospective 312 27.9(22.9-32.8)
Messelu MA, (2025) Ethiopia Retrospective 331 19.6(15.3-23.8)
Hassan ME, (2023) Bahrain Retrospective 155 29.7(22.5-36.8)
Elkolaly RM, (2019) Egypt Observational study | 222 38.4(32.0-44.7)
Kanafani ZA, (2019) Lebanon Retrospective 386 41.9(36.9-46.8)
Ali HS, (2016) Qatar Retrospective 603 20.8(17.5-24.0)
Mazwi S, (2023) South Africa Retrospective 842 2.9(1.7-4.0)
Hayakawa K, (2023) Vietnam Retrospective 1,699 7.3(6.0-8.5)
Maebed AZ, (2021) Egypt Retrospective 213 28.1(22.0-34.1)

Prevalence of ventilator associated pneumonia

Accordingly, the overall estimated pooled prevalence of
ventilator associated pneumonia Neurological Intensive care
unit with a random-effects model was 29.7% (95% ClI: 26.2-
33.2) with heterogeneity index (12) of 99.7% (p = 0.000) (Fig.

2). The Eggers test yielded significant result (P < 0.001).
Therefore, Duval and Tweedie's trim-and-fill method was
applied to assess the potential impact of publication bias. The
adjusted pooled prevalence is similar, suggesting that
publication bias have no influenced the original pooled estimate.

Publication Effect %
Authors Name Year (95% CI) Weight

de Montmollin E, 2019
Kasuya Y 2011
XuCY 2021
Josephson SA 2010
Battaglini D 2023
Teng G 2022
Lepelletier D 2010

40.00 (33.12, 46.88)2.98
28.00 (19.65, 36.35)2.83
66.40 (61.30, 71.50)3.15
410(249,5.71) 3.35
39.50 (36.83, 42.17)3.31
44.90 (34.57, 55.23)2.60
21.10 (14.80, 27.40)3.04
60.60 (53.36, 67.84)2.95
58.70 (52.24, 65.16)3.02
20.40 (17.85, 22.95)3.31
45.00 (36.58, 53.42)2.82
0.70(0.62,0.78)  3.37
12.60 (12.18, 13.02)3.37
70.00 (59.34, 80.66)2.57

)

Sachdeva )
29.50 (27.71, 31.29)3.34

)

Xie J

Shrestha DK 33.00 (24.05, 41.95)2.76
Chang PH 5.60 (5.11,6.09) 3.37
Bayrakgi S 24.20 (21.30, 27.10)3.30
Zirpe K 24.90 (20.94, 28.86)3.23
Kasuya Y 31.30 (27.66, 34.94)3.25
Elsheikh M 19.70 (15.31, 24.09)3.20
Kilinc S 50.00 (44.69, 55.31)3.13
Tegegne EM 31.30 (26.33, 36.27)3.16
Belay CM 27.90 (22.92, 32.88)3.16
Messelu MA 19.60 (15.32, 23.88)3.21
Hassan ME 29.70 (22,51, 36.89)2.95
Elkolaly RM 38.40 (32.00, 44.80)3.03
Kanafani ZA 41.90 (36.98, 46.82)3.16
Ali HS 20.80 (17.56, 24.04)3.28
Mazwi S 2.90(1.77,4.03) 3.36
Hayakawa K 7.30(6.06,854) 3.36
Maebed AZ 28.10 (22.06, 34.14)3.06

Overall, DL (f = 99.7%, p < 0.0! 29.73 (26.24, 33.2200.00

NOTE: Weights are from random-effects model

Figure 2: Forest plot showing the pooled global prevalence of Ventilator-Associated Pneumonia in a Neurological Intensive care
unit.
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Subgroup analysis
Four regions of the world were included in this study, based on
the subgroup analysis result, the highest 39.8% (95% ClI: 27.2-

52.5), 12 = 98.0%) seen in Europe and the lowest 23.1% (95%
Cl: 15.0-31.2), 12 = 98.6 %) seen in North America (Fig. 3).

Effect %

region and Authors Name (95% CI) Weight
| —— 40.00 (33.12, 46.88) 2.98
Battaglini D 1 e 39.50 (36.83, 42.17) 3.31
Lepelletier D — 21.10 (14.80, 27.40) 3.04
X —_—— 60.60 (53.36, 67.84) 2.95
. —_— 58.70 (52.24, 65.16) 3.02
| 20.40 (17.85, 22.95) 3.31
’ = 98.0%, p < 0.001) 39.88 (27.23, 52.53)18.61
1
1
—_—— 28.00 (19.65, 36.35) 2.83
* : 4.10 (2.49, 5.71) 3.35
| —— 45.00 (36.58, 53.42) 2.82
. 1 12.60 (12.18, 13.02) 3.37
- 31.30 (27.66, 34.94) 3.25
23.14 (15.06, 31.21)15.62
1
1
: - 66.40 (61.30, 71.50) 3.15
| —— 44,90 (34.57, 55.23) 2.60
4 1 0.70 (0.62, 0.78) 3.37
1 ——@—— 70.00 (59.34, 80.66) 2.57
* 29.50 (27.71, 31.29) 3.34
Shrestha —l— 33.00 (24.05, 41.95) 2.76
Chang PH . X 5.60 (5.1, 6.09)  3.37
Bayrakgi S -, 24.20 (21.30, 27.10) 3.30
Zirpe K - 24.90 (20.94, 28.86) 3.23
Kilinc S 1 — 50.00 (44.69, 55.31) 3.13
Hassan ME —— 29.70 (22.51, 36.89) 2.95
Kanafani ZA | - 41.90 (36.98, 46.82) 3.16
Ali HS : 20.80 (17.56, 24.04) 3.28
Hayakawa K L 2 7.30 (6.06, 8.54) 3.36
Subgroup, DL (I° = 99.6%, 30.77 (25.75, 35.80)43.58
1
Africa I
Elsheikh M - ! 19.70 (15.31, 24.09) 3.20
Tegegne EM —lo— 31.30 (26.33, 36.27) 3.16
Belay CM — 27.90 (22.92, 32.88) 3.16
Messelu MA - 19.60 (15.32, 23.88) 3.21
Elkolaly RM | —— 38.40 (32.00, 44.80) 3.03
Mazwi S ° 1 2.90 (1.77, 4.03) 3.36
Maebed AZ —— 28.10 (22.06, 34.14) 3.06
Subgroup, DL (I2 =98.5%, p < 0.001) : 23.87 (11.92, 35.81)22.19
Heterogeneity between groups: p = 0.199 !
Overall, DL (I = 99.7%, p < 0.001) 29.73 (26.24, 33.22)00.00
T

a 10

NOTE: Weights and b ubgroup heterogeneity test are from rand

model

Figure 3: Subgroup analysis of pooled global prevalence of Ventilator-Associated Pneumonia in a Neurological Intensive care unit:

by region.

Heterogeneity and Publication bias

Substantial between-study heterogeneity was observed
(Cochran's Q = 914257, df = 31, P < 0.001), with a between-
study variance (t2) of 93.917. As a result meta-regression was
conducted to identify the source of heterogeneity using sample
size and publication year as covariates (Table 2). It was
indicated that there is no effect of sample size and year of
publication year on heterogeneity between studies. The presence

of publication bias was checked using Egger’s test, and a
graphical Funnel plot, the result of Egger’s test was significant
(P=0.008). Also, visual inspection of the funnel plot indicated
substantial asymmetry (Fig. 4); however, the linear trim-and-fill
analysis estimated no potentially missing studies (Fig 5). But the
funnel-plot remains asymmetry indicating it cannot be attributed
solely to publication bias.

Table 2: Meta-regression analysis of factors affecting between-study heterogeneity.

Heterogeneity source Coefficients Std. Err. P-value
Publication year 0.0212643 0.5698566 0.970
Sample size 0.0003102 0.0002053 0.142
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Figure 4: Funnel plot to test publication bias in 32 studies with 95% confidence limits.
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Figure 5: Funnel plot to test publication bias in 32 studies with 95% confidence limits by trim and fill analysis.

Sensitivity Analysis

Sensitivity analysis was performed to determine how various

among the studies, but the results indicated that uncertainty has

sources of uncertainty contribute to the owverall uncertainty

an insignificant influence on pooled prevalence (Fig. 6).
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Meta-analysis estimates, given named study is omitted
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Figure 6: Sensitivity analysis of pooled global prevalence of Ventilator-Associated Pneumonia in a Neurological Intensive care

unit for each study being removed one at a time.

Discussion

The present systematic review and meta-analysis found that the
overall pooled prevalence of ventilator-associated pneumonia
among patients admitted to neurological intensive care units was
29.7% (95% Cl: 26.2-33.2). This finding indicates that
approximately one in three patients in neurological intensive
care who are exposed to mechanical ventilation develop VAP.
The finding is consistent with evidence from general ICU
populations 4.0% and 28.8% [57] and 30% [58].

This study finding is lower than a study conducted globally
42%, [59], and 36% [60]. The differences might be due to
variation in the proportion of patients requiring prolonged
mechanical ventilation; study designs, healthcare-system
differences, and duration of follow-up can result in difference in
prevalence. Moreover, improvement implementation of
ventilator-care bundles, improved oral hygiene, appropriate
patient positioning, aspiration-prevention measures, sedation
minimization, and early assessment for ventilator liberation
have increasingly been incorporated into ICU practice, this
might be the reason for variation too.

Conversely, it is higher than a systematic review and meta-
analysis conducted in Asia (12.7%) [61]. the higher prevalence
may be attributed to the specific vulnerability of neurological
ICU patients and staying of longer periods on mechanical
ventilation [61].

The subgroup analysis demonstrated substantial geographical
variation in the prevalence of VAP. The highest pooled
prevalence was observed in Europe at 39.8% (95% ClI: 27.2—
52.5), whereas the lowest was observed in North America at
23.1% (95% CI: 15.0-31.2). The variation might be explained
by differences in patient characteristics, neurological diagnoses,
severity of illness, duration of mechanical ventilation, ICU

staffing, infection-prevention practices, diagnostic criteria, and
surveillance systems.

Also, a systematic review of VAP diagnostic studies
demonstrated substantial variation in diagnostic approaches and
highlighted the lack of a universally reliable diagnostic standard,;
this may result difference in prevalence too [62, 63].

Limitation of the study

This systematic review and meta-analysis have faced the
following limitations. First, due to the presence of significant
heterogeneity, the result should be interpreted cautiously.

Conclusion

Despite the implementation of various interventions aimed at
preventing and minimizing the incidence of ventilator-
associated pneumonia. On this study VAP remains a significant
problem among patients admitted to neurological intensive care
units; approximately one in three mechanically ventilated
neurological ICU patients develops VAP. Therefore,
strengthening early recognition, and implementing evidence-
based infection-control strategies is essential. Future multicenter
studies using standardized VAP diagnostic criteria and
surveillance methods are warranted to better explain regional
differences and identify modifiable risk factors for VAP in
neurological ICU patients.
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