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ABSTRACT

Acute Respiratory Distress Syndrome (ARDS) is a severe form of hypoxemic respiratory failure frequently encountered in
intensive care units and is associated with high morbidity and mortality. Mechanical Ventilation remains a cornerstone of ARDS
management; however, inappropriate ventilatory settings can exacerbate lung injury through ventilator-induced lung injury. Lung-
protective ventilation strategies have been introduced to minimize alveolar overdistension and cyclic atelectasis. This systematic
review evaluates the effectiveness of lung-protective mechanical Ventilation compared with conventional Ventilation in adult ICU
patients with ARDS. A comprehensive literature search was conducted in PubMed, Scopus, and Web of Science for studies
published between 2010 and 2025, in accordance with PRISMA 2020 guidelines. Randomized controlled trials and observational
studies reporting mortality, ventilator-free days, duration of mechanical Ventilation, or ICU length of stay were included.
Following screening and quality assessment, 28 studies met the inclusion criteria. Of the included studies, 15 were randomized
controlled trials and 13 observational studies, with risk of bias assessed using the Cochrane Risk of Bias Tool and Newcastle—
Ottawa Scale. The findings demonstrate that lung-protective Ventilation is consistently associated with reduced mortality,
increased ventilator-free days, and shorter mechanical Ventilation duration. At the same time, effects on ICU length of stay were
variable. Overall, the evidence supports lung-protective Ventilation as a standard of care in the management of adult ARDS.
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INTRODUCTION

Acute Respiratory Distress Syndrome is a life-threatening condition characterized by an acute onset of hypoxemia, bilateral
pulmonary infiltrates, and decreased lung compliance (Ranieri et al., 2012). Despite advances in critical care, ARDS continues
to carry a high mortality rate, ranging from 30% to 45% in severe cases (Bellani et al., 2016; Fan, Brodie & Slutsky, 2018).
Mechanical Ventilation is essential for maintaining oxygenation; however, excessive tidal volumes and airway pressures can
worsen lung injury by inducing barotrauma, volutrauma, and biotrauma (Slutsky & Ranieri, 2013). The concept of lung-protective
Ventilation emerged from the recognition that mechanical Ventilation itself can contribute to lung damage (Slutsky & Ranieri,
2013; Gattinoni et al., 2006). Strategies such as low tidal-volume ventilation, limiting plateau pressures, and optimal application
of positive end-expiratory pressure (PEEP) aim to reduce ventilator-induced lung injury while maintaining adequate gas exchange
(ARDS Network, 2000; Brower et al., 2004). Although lung-protective Ventilation is widely recommended (Fan et al., 2017),
clinical implementation varies across ICUs, and reported outcomes differ between studies. However, despite widespread
recommendations, variability in implementation and outcome reporting necessitates an updated synthesis of contemporary
evidence. This systematic review synthesizes contemporary evidence on lung-protective ventilation strategies and evaluates their
impact on key clinical outcomes in adult patients with ARDS.

Problem Statement

Despite strong guideline recommendations, conventional mechanical ventilation practices are still used in some ICU settings,
exposing ARDS patients to potentially harmful ventilatory parameters. Inconsistent application of lung-protective strategies may
contribute to prolonged Ventilation, increased ICU stays, and avoidable mortality. A consolidated and up-to-date synthesis of
evidence is required to clarify the clinical benefits of lung-protective Ventilation and support standardized implementation in
adult critical care practice.

Research Questions (PICO Framework):

e Population (P): Adult patients (>18 years) admitted to the ICU with ARDS
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e Intervention (I): Lung-protective mechanical ventilation strategies (low tidal volume <6 mL/kg predicted body weight,
plateau pressure <30 cm H-O, optimized PEEP)
e Comparison (C): Conventional mechanical ventilation strategies
e  Outcomes (O):
» Mortality
» Ventilator-free days
»  Duration of Mechanical Ventilation
» ICU length of stay
Research Question:
In adult ICU patients with ARDS, does lung-protective mechanical Ventilation, compared with conventional Ventilation, improve
clinical outcomes, including mortality, ventilator-free days, mechanical Ventilation duration, and ICU length of stay?

LITERATURE REVIEW

2.1 Pathophysiology of Acute Respiratory Distress Syndrome

Acute Respiratory Distress Syndrome (ARDS) is a severe inflammatory lung condition characterized by diffuse alveolar damage,
increased pulmonary capillary permeability, and profound hypoxemia. Injury to the alveolar—capillary membrane results in
protein-rich pulmonary edema, reduced lung compliance, and impaired gas exchange. The syndrome may arise from direct
pulmonary insults such as pneumonia or aspiration, or indirect causes including sepsis and trauma. Mechanical Ventilation is
essential for survival; however, inappropriate ventilatory settings can worsen lung injury and contribute to poor clinical outcomes.

2.2 Ventilator-Induced Lung Injury

Ventilator-induced lung injury (VILI) is a major contributor to morbidity in ARDS patients (Slutsky & Ranieri, 2013). Excessive
tidal volumes and high airway pressures can overstretch alveoli (Slutsky & Ranieri, 2013; Pham, Rubenfeld & Slutsky, 2017),
while repeated opening and closing of unstable lung units promote inflammation and tissue damage. These mechanisms
collectively intensify pulmonary injury and systemic inflammatory responses.

Table 1. Mechanisms of Ventilator-Induced Lung Injury

Mechanism Description Clinical Consequence
Volutrauma | Overdistension of alveoli due to high tidal volumes | Increased lung inflammation, alveolar rupture
Barotrauma | High airway pressures cause physical lung damage Pneumothorax, pneumomediastinum

Atelectrauma Repeated alveolar collapse and reopening Shear stress, inflammatory injury

Biotrauma Release of inflammatory mediators Multi-organ dysfunction

2.3 Lung-Protective Ventilation Strategies

Lung-protective ventilation strategies were developed to minimize VILI while maintaining adequate oxygenation (ARDS
Network, 2000; Fan et al., 2017). These strategies emphasize low tidal-volume ventilation, limiting plateau pressures, and
optimizing the application of positive end-expiratory pressure (PEEP). Recruitment maneuvers and titrated PEEP have been
evaluated as adjunct strategies within lung-protective ventilation protocols (Gattinoni et al., 2006; Writing Group for the ART
Trial, 2017). Esophageal pressure—guided PEEP strategies have also been investigated to individualize PEEP settings and
optimize transpulmonary pressure (Beitler et al., 2019). The goal is to reduce lung stress and strain without compromising gas
exchange.

Table 2. Core Components of Lung-Protective Ventilation

\ Parameter Recommended Target Clinical Rationale
Tidal volume <6 mL/kg predicted body weight = Reduces alveolar overdistension
Plateau pressure <30 cm H20 Minimizes barotrauma
PEEP Individualized Prevents alveolar collapse
Permissive hypercapnia Accepted if pH is tolerated Avoids injurious Ventilation

2.4 Impact of Lung-Protective Ventilation on Clinical Outcomes

Numerous clinical trials have demonstrated that lung-protective ventilation is associated with reduced mortality in adult patients
with ARDS. Driving pressure has been shown to be strongly associated with survival, with lower driving pressures linked to
improved outcomes (Amato et al., 2015). Several studies have demonstrated that the physiological response to ventilatory
adjustments may provide prognostic information in ARDS. Oxygenation response to positive end-expiratory pressure (PEEP) has
been shown to predict mortality, with patients demonstrating improved oxygenation experiencing better survival outcomes
(Goligher et al., 2018). The impact of lung-protective ventilation on ICU length of stay remains inconsistent across studies
(Needham et al., 2015; Fan, Brodie & Slutsky, 2018).

Table 3. Summary of Reported Clinical Outcomes in ARDS

Outcome Lung-Protective Ventilation Conventional Ventilation
Mortality Lower (20-30%) Higher (35-45%)
Ventilator-free days Increased Reduced
Duration of Ventilation = Shorter Prolonged
ICU length of stay Variable reduction Often longer
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2.5 ICU Length of Stay and Healthcare Utilization

The effect of lung-protective Ventilation on ICU length of stay remains inconsistent across studies. While some investigations
report shorter ICU stays due to faster respiratory recovery, others show no significant difference. Factors such as illness severity,
sedation practices, and non-pulmonary organ failure may influence these findings.

Table 4. Factors Influencing ICU Length of Stay in ARDS

Factor Influence on ICU Stay |
Severity of ARDS Severe cases require prolonged care
Sedation and weaning practices | Delayed extubation prolongs stay.
Multi-organ dysfunction Increases ICU dependency
Adherence to protocols Improves efficiency and outcomes

2.6 Gaps in Existing Literature

Despite strong evidence supporting lung-protective Ventilation, gaps remain in consistent protocol implementation and
individualized ventilation strategies. Variability in clinician adherence and institutional practices limits the uniform application
of evidence-based care. Furthermore, long-term functional outcomes and post-ICU quality of life are underreported in existing
studies.

Table 5. Identified Gaps in Current Research

Area Evidence Gap
PEEP optimization Lack of consensus on best titration methods
Individualized Ventilation | Limited data on personalized approaches
Long-term outcomes Sparse follow-up beyond hospital discharge
Global implementation Limited data from low-resource ICUs

METHODOLOGY

3.1 Study Design

This study was conducted as a systematic review in accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 guidelines. The review synthesizes evidence from published clinical studies evaluating
lung-protective mechanical ventilation strategies in adult patients with Acute Respiratory Distress Syndrome (ARDS).

3.2 Aim and Objectives
The primary aim of this systematic review was to evaluate the effectiveness of lung-protective ventilation strategies compared
with conventional mechanical Ventilation on clinical outcomes in adult ICU patients with ARDS.

Objectives:
1. To assess the impact of lung-protective Ventilation on mortality.
2. To evaluate ventilator-free days and the duration of mechanical Ventilation.
3. To examine the effect of ventilation strategies on ICU length of stay.
4. To assess methodological quality and risk of bias of included studies.

3.3 Research Question (PICO Framework)

Table 6. PICO Framework for the Systematic Review
Component Description |

Population (P) | Adult patients (>18 years) admitted to the ICU with ARDS

Intervention (I) | Lung-protective mechanical ventilation (<6 mL/kg tidal volume, plateau pressure <30 cm H20, optimized
PEEP)

Comparison Conventional mechanical ventilation strategies

(©)

Outcomes (O) Mortality, ventilator-free days, duration of mechanical Ventilation, ICU length of stay

3.4 Data Sources and Search Strategy
A comprehensive systematic literature search was conducted in the following electronic databases:

e PubMed

e Scopus

e Web of Science
The search included studies published between January 2010 and March 2025. Keywords and Medical Subject Headings (MeSH)
included “acute respiratory distress syndrome,” “ARDS,” “lung-protective ventilation,” “low tidal volume,” and “mechanical
ventilation.” Boolean operators (AND, OR) were used to refine search results. Reference lists of included studies were screened
to identify additional relevant articles.
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Table 7. Electronic Databases and Search Scope

Database Timeframe Covered Language

PubMed
Scopus
Web of Science

3.5 Eligibility Criteria

Category
Inclusion
Criteria
Exclusion
Criteria

2010-2025
2010-2025
2010-2025

English
English
English

Table 8. Inclusion and Exclusion Criteria

Criteria

Adult ICU patients with ARDS; comparison of lung-protective vs conventional Ventilation; RCTs or
observational studies; reported >1 clinical outcome

Pediatric studies; animal studies; case reports; reviews; studies without comparator groups

3.6 Study Selection Process
All identified records were imported into reference management software, and duplicates were removed. Two independent
reviewers screened titles and abstracts for relevance. Full-text articles were assessed for eligibility. Discrepancies were resolved
through discussion and consensus. The study selection process is summarized using a PRISMA 2020 flow diagram (Figure 1).

Table 9. Study Selection Summary

Identification of sindies via databases

Records identified from™;
Databases (n = 1382)

!

Records screened

(n=292)

Articles sought for retrieval

n=110)

Articles assessed for eligibility
n=110

Studies/Arficles included in
review
(n=28)

Records removed before
SCresning:
Duplicate records removed
(n=90)
Fecords marked as ineligible
by automation tools (n = 825)
Records removed for other
reasons (n=175)

Records excluded based on
imelevancy
(n=182)

Articles not retrieved
(n=10}

Articles excluded:
Insufficient data (n = 65)
Few parameters used
(n=10)

Out of scope (n=7)

Figure 1. PRISMA 2020 flow diagram of study selection
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3.7 Data Extraction
Data were extracted using a standardized extraction form to ensure consistency. Extracted variables included study design,
patient characteristics, ventilation parameters, and reported outcomes.

Table 10. Data Extraction Variables
Category Extracted Information |
Study details | Author, year, country, study design
Population Sample size, age, ARDS severity
Intervention = Tidal volume, PEEP, plateau pressure
Outcomes Mortality, ventilator-free days, ICU stay

3.8 Risk of Bias Assessment
Two reviewers independently assessed the risk of bias. Randomized controlled trials were evaluated using the Cochrane Risk of
Bias Tool, while observational studies were assessed using the Newcastle—Ottawa Scale.

Table 11. Risk of Bias Assessment Tools
Randomized controlled trials = Cochrane Risk of Bias Tool
Observational studies Newecastle—Ottawa Scale

3.9 Data Synthesis and Analysis
Due to heterogeneity in study design, ventilation protocols, and outcome reporting, a qualitative narrative synthesis was
performed. Results were grouped according to predefined outcomes and compared across ventilation strategies.

3.10 Ethical Considerations
This systematic review utilized previously published data and did not involve direct patient contact. Ethical approval was
therefore not required.

3.11 Methodological Strengths and Limitations
Table 12. Strengths and Limitations of the Methodology
PRISMA-compliant design Heterogeneity of ventilation protocols
Multiple databases searched | Exclusion of non-English studies
Standardized bias assessment | Limited long-term outcome data

RESULTS

4.1 Study Selection and Overview

A total of 1,382 records were identified through systematic database searching. After removal of duplicates and screening of
titles and abstracts, 110 full-text articles were assessed for eligibility. Following quality appraisal, 28 studies met the inclusion
criteria and were included in the final qualitative synthesis. The included studies consisted of randomized controlled trials and
observational cohort studies conducted in adult intensive care units across multiple regions.

4.2 Characteristics of Included Studies
The included studies were published between 2010 and 2025 and represented a combined sample of approximately 6,400 adult
ARDS patients. Lung-protective ventilation strategies were compared with conventional Ventilation across diverse ICU settings.

Table 13. Characteristics of Included Studies (n = 28)
Study Design Number of Studies Sample Size Range

Randomized controlled trials [iks) 60-1,000
Observational cohort studies K] 80-1,200

Most studies implemented tidal volumes of <6 mL/kg predicted body weight and targeted plateau pressures below 30 ecm H-:O.

4.3 Mortality Outcomes
Mortality was the most frequently reported outcome. The majority of studies demonstrated a statistically significant reduction
in ICU or 28-day mortality among patients receiving lung-protective Ventilation compared with conventional Ventilation.

Table 14. Mortality Outcomes Across Included Studies

Outcome Measure Lung-Protective Ventilation Conventional Ventilation

ICU mortality 22-30% 35-45%
28-day mortalit Reduced in 18/28 studies Higher across all comparisons

These findings suggest a consistent survival benefit associated with lung-protective ventilation strategies.
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4.4 Ventilator-Free Days
Ventilator-free days were reported in 19 of the included studies. Patients receiving lung-protective Ventilation achieved more
ventilator-free days, reflecting improved respiratory recovery and earlier liberation from mechanical Ventilation.

Table 15. Ventilator-Free Days Comparison
Ventilation Strateg Ventilator-Free Days (Mean Range

Lung-protective Ventilation VANV

Conventional Ventilation 8-12 days

4.5 Duration of Mechanical Ventilation
In the majority of studies, lung-protective Ventilation was associated with a shorter duration of mechanical Ventilation, with
reductions of 2 to 5 days compared with conventional strategies.

Table 16. Duration of Mechanical Ventilation
Strateg Duration (Days
7-10
10-15

4.6 1ICU Length of Stay
Findings related to ICU length of stay were inconsistent. While some studies reported modest reductions in ICU stay with lung-
protective Ventilation, others found no statistically significant difference.

Table 17. ICU Length of Stay Outcomes

Qutcome Observed Trend
Reduced ICU sta Reported in 11 studies

N efaliileETgi e M =l Reported in 17 studies

4.7 Risk of Bias Assessment
The risk of bias assessment indicated that most randomized controlled trials were at low to moderate risk of bias. In contrast,
observational studies commonly demonstrated moderate risk due to confounding and selection bias.

Table 18. Summary of Risk of Bias Assessment
Study Type Overall Risk of Bias

Randomized controlled trials M)A Y/ [os[STE1E
Observational studies Moderate

DISCUSSION

This systematic review provides strong evidence supporting the effectiveness of lung-protective mechanical ventilation strategies
in improving clinical outcomes among adult patients with ARDS (Fan et al., 2017; Pham, Rubenfeld & Slutsky, 2017). Across
diverse ICU settings, lung-protective ventilation was consistently associated with reduced mortality, increased ventilator-free
days, and shorter mechanical ventilation duration (Villar et al., 2011; Needham et al., 2015; Serpa Neto et al., 2012). The mortality
benefit observed in this review aligns with prior landmark trials demonstrating the detrimental effects of high tidal volumes and
excessive airway pressures (ARDS Network, 2000; Amato et al., 2015). By limiting alveolar overdistension and reducing
inflammatory injury, lung-protective ventilation mitigates ventilator-induced lung injury and improves survival outcomes
(Slutsky & Ranieri, 2013).

Increased ventilator-free days further highlight the role of lung-protective strategies in accelerating pulmonary recovery
(Needham et al., 2015). Shorter duration of mechanical ventilation reduces the risk of ventilator-associated complications,
including pneumonia, neuromuscular weakness, and prolonged ICU dependency (Pham, Rubenfeld & Slutsky, 2017). The effect
of lung-protective ventilation on ICU length of stay was less consistent (Needham et al., 2015; Fan, Brodie & Slutsky, 2018).
This variability likely reflects the multifactorial nature of ICU discharge decisions, which are influenced by illness severity,
sedation practices, comorbid conditions, and non-pulmonary organ dysfunction. Consequently, ICU length of stay may be a less
sensitive indicator of the effectiveness of ventilation strategies (Fan, Brodie & Slutsky, 2018). Despite strong evidence, the review
also highlights persistent gaps in clinical implementation. Variability in adherence to lung-protective protocols suggests a need
for standardized ICU guidelines, ongoing clinician education, and protocol-driven ventilation practices (Bellani et al., 2016; Fan
etal., 2017).

Strengths and Limitations of the Evidence

This review benefits from adherence to PRISMA guidelines and from the inclusion of both randomized and observational studies,
thereby enhancing generalizability. However, heterogeneity in ventilation protocols and outcome definitions limited quantitative
meta-analysis. Additionally, exclusion of non-English studies may have reduced global representation.
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CONCLUSION

Lung-protective mechanical ventilation remains a fundamental strategy in the management of adult patients with acute respiratory
distress syndrome (Fan et al., 2017; Pham, Rubenfeld & Slutsky, 2017). This systematic review, synthesizing evidence from 28
randomized controlled trials and observational studies, demonstrates that lung-protective ventilation is consistently associated
with reduced mortality, increased ventilator-free days, and shorter duration of mechanical ventilation when compared with
conventional ventilation strategies. Although the impact on ICU length of stay was variable, the overall clinical benefits strongly
support the routine application of lung-protective ventilation in adult critical care settings. These findings reinforce current
international guidelines and highlight the importance of consistent protocol adherence across intensive care units. Future research
should focus on optimizing individualized ventilation strategies, refining PEEP titration methods, and evaluating long-term
patient-centered outcomes beyond hospital discharge.

Summary of Key Findings
Table 19. Summary of Evidence on Lung-Protective Ventilation Outcomes

Qutcome Overall Effect
Mortality Significantly reduced
Ventilator-free days Increased

Duration of Ventilation BEIglelgilEl|

ICU length of sta Variable
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