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ABSTRACT 

Background & objective: This study aimed to systematically assess the prevalence of ventilator-associated 
pneumonia (VAP) among intensive care unit (ICU) patients in Saudi Arabia and to evaluate the impact of preventive 
interventions. 

Methodology: A systematic search of PubMed, Scopus, Web of Science, and regional databases identified 364 
studies (2000–2023). After duplicate removal and screening, four studies (n = 4247 patients; 64.7% male) met the 
inclusion criteria. Data extraction and quality assessment were performed using Rayyan QCRI and PRISMA guidelines.  

Results: VAP prevalence in Saudi ICUs varied widely, ranging from 2.2% to 35.4%, with a pooled prevalence of 12%. 
Implementation of structured preventive measures, particularly ventilator care bundles, was consistently associated 
with reduced VAP incidence, shorter durations of mechanical ventilation, decreased hospital stays, and improved 
patient outcomes. Despite these improvements, differences in study design and reporting continue to limit direct 
comparisons across centers. 

Conclusion: VAP remains a significant concern in Saudi Arabian ICUs, with prevalence rates higher than some 
international benchmarks. Preventive strategies, especially care bundles, are effective but require ongoing 
adaptation to local contexts. Further research should focus on standardizing surveillance, evaluating long-term 
intervention effectiveness, and identifying region-specific risk factors to optimize patient care and resource 
utilization. 

Abbreviations: ICU: intensive care unit, VAP: ventilator-associated pneumonia,  

Keywords: Ventilator-associated pneumonia; Intensive care unit; Critically ill patients; Saudi Arabia; Systematic 
review. 
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1. INTRODUCTION  

Ventilator-associated pneumonia (VAP), also known as 

intubation-associated pneumonia, is defined as 

pneumonia occurring more than 48-72 hours after 

endotracheal intubation, provided it was not incubating 

at the time of admission.1,2 Clinically, VAP is 

characterized by new or progressive pulmonary 

infiltrates, systemic signs of infection, and alterations in 

the characteristics of sputum.3 It represents one of the 

most frequent and severe nosocomial infections among 

patients admitted to intensive care units (ICUs), 

significantly contributing to patient morbidity and 

mortality.1-4 VAP-related mortality rates range widely 

from 24% to 76% across various international settings.5,6 

The Institute of Medicine has identified the prevention 

of hospital-acquired infections, including VAP, as a 

national healthcare priority due to their substantial 

impact on patient outcomes and healthcare resources.7,8 

Patients diagnosed with VAP experience prolonged 

hospital stays and increased healthcare costs, placing 

additional burdens on healthcare systems.9,10 Globally, 

the reported incidence of VAP among ICU populations 

varies considerably, ranging from 8.0% to 28.8%, 

reflecting differences in healthcare practices, infection 

control measures, patient populations, and microbial 

environments.11-13 

Future research should prioritize standardizing 

surveillance, assessing the long-term effectiveness of 

interventions, and identifying region-specific risk factors 

to optimize patient care and resource allocation.14,15 

Although several individual studies have examined VAP 

incidence in various Saudi Arabian hospitals or regions, 

a systematic synthesis of these data at the national level 

remains limited.16 Previous multi-hospital surveillance 

reports from Saudi Arabia have been published; 

however, these reports lack sufficient representativeness 

and methodological rigor to estimate national prevalence 

rates accurately.17,18 Consequently, there is a critical 

knowledge gap regarding the true burden of VAP across 

Saudi Arabian ICUs.  

Addressing this gap through a comprehensive systematic 

review is essential for accurately quantifying the VAP 

prevalence in Saudi Arabia. Such an approach will 

facilitate an improved understanding of regional 

variations in risk factors and microbial profiles 

associated with VAP. Furthermore, synthesizing existing 

data can inform targeted preventive strategies aimed at 

reducing the incidence of VAP, optimizing resource 

allocation within ICUs, and ultimately improving patient 

outcomes nationwide.19,20 In this sense, the principal 

objective of this systematic review is to critically 

evaluate and consolidate available evidence regarding 

the prevalence of ventilator-associated pneumonia 

among ICU patients throughout Saudi Arabia. 

2. METHODOLOGY 

This systematic review was conducted following the 

Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines21 and the 

Guidelines for Accurate and Transparent Health 

Estimates Reporting (GATHER).22 The protocol was 

registered with the International Platform of Registered 

Systematic Review and Meta-Analysis (INPLASY), 

with the registration number: NPLASY202530042. A 

thorough search strategy was developed to identify 

relevant studies investigating the VAP prevalence 

among ICU patients in Saudi Arabia. From the start to 

the date of this review, four electronic databases, 

PubMed, Scopus, Web of Science, and Cochrane 

Library, were methodically searched. The search terms 

included combinations of keywords and medical subject 

headings (MeSH), such as ventilator-associated 

pneumonia (VAP), mechanical ventilation, intensive 

care unit (ICU), prevalence, incidence, and Saudi 

Arabia. No language/publication date restrictions were 

applied. 

After removing duplicates, all retrieved titles and 

abstracts were imported into Rayyan QCR, a software 

tool for initial screening. Two independent coauthors 

screened the titles and abstracts to identify potentially 

eligible studies. The full texts of these studies were then 

retrieved and independently assessed by the same 

coauthors against predefined inclusion criteria. Any 

discrepancies or disagreements regarding study 

eligibility were resolved through consensus discussions 

or, when necessary, consultation with a third reviewer.  

Studies were selected based on clearly defined 

Population-Exposure-Outcome (PEO) criteria: (i) 

Population: adult patients (≥18 years old) admitted to 

intensive care units (ICUs) in hospitals across Saudi 

Arabia, (ii) Exposure: patients receiving mechanical 

ventilation during their ICU admission, and (iii) 

Outcome: studies reporting data on the occurrence, or 

prevalence /incidence of VAP among mechanically 
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ventilated ICU patients. Studies were excluded if they 

involved pediatric populations, did not explicitly report 

VAP prevalence/incidence, or were conducted outside 

Saudi Arabia. Additionally, case reports, letters, 

editorials, reviews without original data, conference 

abstracts without full-text availability, and studies 

lacking sufficient data for extraction were excluded. 

Two independent coauthors extracted data from 

publications that matched the inclusion criteria using a 

predetermined/consistent methodology and a 

standardized data extraction form designed specifically 

for this review. The extracted data included: (i) Name of 

the first author; (ii) Publication year; (iii) Study design; 

(iv) Sample size (number of participants); (v) Participant 

demographics (age range or mean age; gender 

distribution); (vi) Prevalence/incidence rates of VAP 

(%); and (viii) Key findings related to risk factors and 

preventive interventions. Discrepancies in extracted data 

between coauthors were 

resolved through discussion 

until a consensus was 

reached.  

The methodological quality 

and risk of bias in included 

studies were evaluated 

using the Risk Of Bias In 

Non-randomized Studies–

of Interventions (ROBINS-

I) assessment tool. This tool 

provides a structured 

framework for assessing 

bias across seven domains: 

confounding factors, 

selection bias, classification 

bias regarding 

interventions/exposures, 

deviations from intended 

interventions/exposures, 

missing data bias, 

measurement bias in 

outcomes assessment, and 

selective reporting bias. 

Two independent coauthors 

assessed each study 

independently using these 

criteria. Disagreements 

regarding risk-of-bias 

ratings were resolved 

through discussion or 

consultation with a third 

coauthor.23 

Extracted data were 

synthesized narratively due 

to anticipated heterogeneity 

in study designs and outcome measurements among 

included studies. Prevalence estimates were summarized 

descriptively. Key findings related to preventive 

interventions and associated outcomes (e.g., morbidity, 

mortality) are presented narratively to provide 

comprehensive insights into VAP prevalence and 

management practices within Saudi Arabian ICUs. 

3. RESULTS 

The targeted search approach produced 364 publications 

(Figure 1). Then, the removal of duplicates (n = 160) and 

204 trials were assessed using the abstract and title. One 

hundred sixty-eight of these did not meet the qualifying 

requirements; therefore, only 50 full-text publications 

remained for thorough evaluation. Four in all met the 

eligibility standards for analysis using evidence 

synthesis. 

Figure 1: PRISMA flowchart 

 

https://www.apicareonline.com/index.php/APIC


Esmaeel SE et al.                 Prevalence of VAP in ICU Patients in Saudi Arabia 
 

www.apicareonline.com 1017  Open access attribution (CC BY-NC 4.0) 

 

Four studies involving a total of 4,247 ICU patients met 

the inclusion criteria for qualitative synthesis. Among 

these patients, 2,749 (64.7%) were males. Regarding 

study designs, three studies utilized prospective cohort 

methodologies,24-26 while one study employed a case-

control design.27 All four studies were conducted in 

Riyadh City hospitals between 2004 and 2017.24-27 

The reported prevalence of ventilator-associated 

pneumonia (VAP) among critically ill patients in Saudi 

Arabia ranged widely from 2.2% to 35.4%,24-27 with an 

overall pooled prevalence of 12% (510 cases). Key 

findings from the included studies provided important 

insights into the prevalence trends of VAP and 

associated clinical outcomes. One study observed a 

declining trend in VAP rates over time, suggesting the 

effectiveness of targeted preventive interventions and 

improved healthcare practices in reducing infection 

incidence.24 

Another study underscored the benefits of implementing 

structured care protocols, particularly ventilator care 

bundles, in reducing VAP incidence and optimizing 

ventilator utilization. These protocol-driven approaches 

demonstrated the potential to decrease hospital-acquired 

infections and improve resource management within 

ICU settings.25 

Further analysis indicated that VAP was consistently 

associated with prolonged durations of mechanical 

ventilation, increased length of hospital stays, and  

 

elevated morbidity and mortality rates among affected 

patients. These findings underscore the substantial 

clinical burden imposed by VAP on both patient 

outcomes and healthcare resources, emphasizing the 

critical need for effective preventive strategies to 

mitigate these adverse impacts.27 

Lastly, extended ICU stays attributed to VAP were 

strongly correlated with significantly higher morbidity 

rates and hospital mortality. This association highlights 

severe complications arising from prolonged critical care 

exposure due to VAP, further reinforcing the importance 

of early detection, timely intervention, and 

comprehensive infection prevention measures within 

ICU settings.26 

4. DISCUSSION 

This systematic review aimed to critically evaluate and 

synthesize existing evidence regarding the prevalence of 

VAP among ICU patients in Saudi Arabia. Our findings 

indicate substantial variability in VAP prevalence across 

studies, highlighting a significant healthcare challenge 

within Saudi ICUs. The reviewed studies collectively 

underscore the clinical burden imposed by VAP, 

including prolonged durations of mechanical ventilation, 

increased ICU/hospital stays, and elevated morbidity and 

mortality rates. Importantly, structured preventive 

interventions, particularly ventilator care bundles, 

appear effective in reducing VAP incidence and  

Table 1: Outcomes of the included studies 

First 
author/ 
Ref. 

City Study 
design 

Socio-demographics VAP 
(%) 

Key findings 

Participant
s 

Mean 
age 

Males  

n (%) 

Al-Dorzi et 
al.,24 

Riyad
h 

Prospective 
cohort 

2812 55 1873 
(66.6%) 

433 
(15.4%) 

VAP is still a frequent side effect of 
serious disease. It shows that the VAP 
rate is trending downward, most likely 
as a result of diverse efforts. 

Al-Thaqafy 
et al., 25 

Riyad
h 

Prospective 
cohort 

1026 56.6 618 
(60.2%) 

23 

(2.2%) 

When the ventilator bundle was 
implemented for adult critical patients, 
there was a more than 70% 
improvement in VAP rates and a 20% 
improvement in ventilator usage. 

Almuneef et 
al.,26 

Riyad
h 

Prospective 
cohort 

361 28.5 230 
(63.7%) 

37  

(10 .2%) 

An extended period of ventilation, an 
ICU or hospital stay, and an increase 
in in-hospital morbidity and mortality 
are all linked to VAP, a common and 
dangerous ICU consequence that can 
result in greater treatment expenses. 

Othman & 
Abdelazim, 
27 

Riyad
h 

Case-
control 

48 58.1 28 
(58.3%) 

17 

(35.4%) 

A frequent and dangerous intensive 
care unit consequence, VAP is linked 
to longer ventilation times, longer 
hospital stays, and greater rates of in-
hospital morbidity and mortality, all of 
which can raise treatment expenses. 

VAP: ventilator-associated pneumonia; Data presented as n or n (%); Mean age given as years. 
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optimizing resource utilization. Despite these promising 

results, the variability observed emphasizes the necessity 

of tailoring preventive strategies to local contexts. To our 

knowledge, this is the first systematic review 

consolidating national data on VAP prevalence in Saudi 

Arabia, providing critical insights that could inform 

future healthcare policies, clinical practices, and targeted 

preventive strategies. 

Recent evidence underscores the persistent challenge of 

VAP in modern intensive care settings.28 Alnimr's 

comprehensive review highlighted that despite advances 

in critical care medicine, VAP remains a significant 

concern with far-reaching consequences for patient 

outcomes.29 Of particular concern is the growing 

association between VAP and antibiotic-resistant 

pathogens, which substantially increases patient 

morbidity, mortality, and healthcare expenditures.29-31 

This alarming trend emphasizes why VAP prevention 

must remain a clinical priority.32 When VAP does occur, 

early and appropriate antibiotic therapy becomes crucial, 

not only to improve patient outcomes but also to 

minimize the emergence of resistant microorganisms 

that further complicate treatment.29,33 Hassan and 

colleagues reinforced these concerns, noting that VAP 

significantly extends ICU stays and elevates mortality 

rates, creating additional strain on healthcare systems, 

particularly in resource-limited settings.5 

Our systematic review revealed considerable variability 

in VAP prevalence among critically ill patients in Saudi 

Arabia, with rates ranging from as low as 2.2%34 to as 

high as 35.4%35, yielding an overall prevalence of 12% 

(510 cases). These findings gain perspective when  

 

compared with international data. North American 

hospitals typically report remarkably low VAP 

incidence, between 1 and 2.5 cases per 1000 ventilator 

days.1,7,36 European healthcare facilities, however, 

demonstrate substantially higher rates, exemplified by 

the EU-VAP/CAP study, which documented an 

incidence density of 18.3 episodes per 1000 ventilator 

days.1,7,37,38 The disparity becomes even more 

pronounced when comparing high-income countries 

with lower-middle-income nations, where rates of 9.0 

versus 18.5 per 1000 ventilator days, respectively (P = 

0.035), reveal significant healthcare inequities.1,2,39 

These striking variations in reported VAP prevalence 

likely stem from several factors, including inconsistent 

diagnostic criteria, differences in how these criteria are 

applied in clinical practice, inherent limitations in the 

definitions themselves, and variations in microbiological 

sampling techniques across healthcare settings.1,39,40 The 

temporal pattern of VAP risk also warrants attention—

patients face the highest daily risk between days 5 and 9 

of mechanical ventilation, while the cumulative 

incidence correlates strongly with the overall duration of 

ventilator support.41,42 These findings emphasize the 

importance of implementing preventive measures early 

in the course of mechanical ventilation, particularly for 

patients anticipated to require prolonged respiratory 

support. 

The reviewed evidence strongly supports implementing 

structured preventive interventions such as the Institute 

for Healthcare Improvement ventilator bundle as 

standard practice within ICUs. Emphasis should be 

placed on continuous staff training and adherence 

Table 2: Assessing bias risk with ROBINS-I 
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Al-Dorzi et al.,24 Low Low Mod Low Low Low Mod Low 

Al-Thaqafy et al.,25 Mod Low Mod Low Low Mod Low Moderate 

Almuneef et al.,26 Mod Low Mod Low Low Mod Low Moderate 

Othman & 
Abdelazim,27 

Mod Mod Low Low Low Mod Low Moderate 
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monitoring to ensure sustained effectiveness of these 

protocols. Additionally, addressing antibiotic-resistant 

pathogens through early diagnosis and appropriate 

antibiotic stewardship remains critical for improving 

patient outcomes and reducing healthcare-associated 

costs.29-31 

5. Strengths and Limitations 

Key strengths of this study include prospective designs 

allowing accurate temporal assessment of intervention 

effectiveness and outcomes. Moreover, relatively large 

sample sizes enhance the generalizability of findings. 

However, notable limitations exist. All studies were 

conducted within a single city (Riyadh), limiting 

geographic representativeness. Methodological 

variations existed regarding diagnostic criteria for VAP, 

and differences in compliance with preventive bundles 

were not consistently reported or analyzed. 

6. CONCLUSION 

Structured interventions such as ventilator care bundles 

effectively reduce VAP incidence among ICU patients in 

Saudi Arabia, improving patient outcomes and 

optimizing healthcare resource utilization. Nonetheless, 

further research addressing existing methodological 

limitations, including broader geographic representation 

within Saudi Arabia, is required. Future studies should 

investigate long-term intervention sustainability, 

regional differences in risk factors, compliance 

variations across hospitals, and impacts on antibiotic 

resistance patterns to enhance preventive strategies 

tailored specifically to local contexts.  
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