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ABSTRACT 

BACKGROUND: Mechanical ventilation is a life-saving intervention in critical care but is frequently associated with ventilator-associated complications (VACs), 

most notably ventilator-associated pneumonia (VAP). These complications contribute significantly to prolonged ICU stay, increased morbidity, and higher mortality 

rates. In recent years, physiotherapy-based interventions have gained recognition for their role in preventing VACs by targeting both respiratory and neuromuscular 

systems. 

OBJECTIVE: This review aims to critically appraise current physiotherapy strategies used to prevent VACs in mechanically ventilated patients, focusing on their 

efficacy, physiological rationale, and practical implementation within intensive care settings. 

METHODS: A comprehensive search was performed across PubMed, CINAHL, Embase, and Cochrane Library databases for studies published between 2010 and 

2025. Eligible studies included randomized controlled trials, systematic reviews, and clinical guidelines evaluating physiotherapy interventions in adult ICU patients 

on mechanical ventilation. Quality assessment was conducted using the Cochrane Risk of Bias tool and AMSTAR-2 framework. 

RESULTS: Six physiotherapy strategies were identified: semi-recumbent positioning, chest physiotherapy, subglottic secretion drainage, early mobilization, 

respiratory muscle training, and adjunctive techniques such as prone positioning. Semi-recumbent positioning and early mobilization demonstrated strong evidence 

for reducing VAP and ICU-acquired weakness. Subglottic suctioning significantly lowered VAP incidence. Chest physiotherapy and respiratory training showed 

moderate benefits, particularly in patients with high secretion loads or delayed weaning. 

CONCLUSION: Physiotherapy strategies offer effective, evidence-based solutions to minimize VACs in mechanically ventilated patients. Their successful 

implementation depends on multidisciplinary coordination, training, and protocol adherence. Future studies should focus on integrated physiotherapy bundles, cost-

effectiveness, and long-term patient outcomes post-ICU discharge. 

KEYWORDS: Ventilator-associated pneumonia (VAP), Mechanical ventilation, Chest physiotherapy, Subglottic suction, ICU rehabilitation, 

Respiratory muscle training, VAC prevention. 

1. INTRODUCTION 

The intensive care unit (ICU) is a dynamic and life-saving environment where critically ill patients often require mechanical ventilation (MV) to support 

respiratory function. While MV serves as a crucial intervention in stabilizing patients with respiratory failure, its prolonged use is not without 

consequences. Among the most significant iatrogenic complications associated with MV are ventilator-associated complications (VAC), particularly 

ventilator-associated pneumonia (VAP). VAP is defined as a lung infection that occurs 48 hours or more after endotracheal intubation and mechanical 

ventilation, with an estimated incidence ranging from 10 to 25% among ventilated patients and associated with mortality rates as high as 20–50% in 

severe cases. 

VACs extend beyond pneumonia and encompass a range of pulmonary and systemic issues including atelectasis, secretion retention, impaired mucociliary 

clearance, ICU-acquired weakness (ICU-AW), respiratory muscle deconditioning, hemodynamic instability, and longer weaning periods. These 

complications contribute to increased morbidity, longer ICU and hospital stays, greater healthcare expenditures, and a decline in functional outcomes 
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post-discharge. Despite advancements in critical care practices, VACs remain a major clinical challenge globally, both in resource-rich and resource-

limited settings. 

Traditionally, the prevention of VACs has been approached through infection control strategies, sedation protocols, and antimicrobial stewardship. 

However, emerging evidence highlights the essential role of physiotherapy in reducing the incidence and severity of VACs. Physiotherapists, as integral 

members of the multidisciplinary ICU team, are uniquely positioned to implement interventions that address the respiratory, musculoskeletal, and 

functional domains impacted by mechanical ventilation. 

Physiotherapy strategies for preventing VACs include but are not limited to positioning (e.g., semi-recumbent or prone), airway clearance techniques 

(e.g., chest physiotherapy, suctioning, manual hyperinflation), respiratory muscle training, early mobilization and rehabilitation, and adjunct methods 

such as cough augmentation and mechanical insufflation-exsufflation. These techniques work synergistically to maintain airway patency, optimize gas 

exchange, enhance secretion clearance, preserve respiratory and skeletal muscle integrity, and expedite weaning from the ventilator. 

One of the most robust and consistently supported strategies is head-of-bed elevation, particularly the semi-recumbent position (30–45°), which reduces 

the risk of gastroesophageal reflux and micro aspiration. In tandem, early mobilization, which challenges the historical norm of prolonged bed rest, has 

demonstrated substantial benefits in reducing ICU-acquired weakness and accelerating recovery. Furthermore, chest physiotherapy techniques such as 

manual percussion, vibration, and postural drainage are gaining renewed interest due to their role in secretion mobilization and alveolar recruitment, 

especially when integrated into multidisciplinary care bundles. 

Despite the growing evidence base, there remain critical questions about the optimal timing, frequency, and combination of physiotherapy interventions, 

and about which strategies are most effective in specific patient populations (e.g., neurological cases, trauma patients, or those with ARDS). Additionally, 

variation in clinical practice, limited access to trained personnel, resource constraints, and lack of standardized protocols continue to pose challenges in 

the uniform application of physiotherapy in critical care units globally. 

Therefore, this critical review is designed to: 

• Explore and summarize the current evidence surrounding physiotherapy strategies aimed at preventing VACs in patients undergoing 

mechanical ventilation. 

• Critically appraise the efficacy of each intervention based on recent high-quality studies, meta-analyses, and guidelines. 

• Discuss the physiological rationale, implementation challenges, and context-specific recommendations for each technique. 

• Identify gaps in knowledge and propose future directions for research and clinical integration. 

By bridging the gap between evidence and practice, this review aims to empower critical care physiotherapists and ICU teams to make informed, evidence-

based decisions that enhance patient outcomes, reduce ICU burden, and optimize the role of physiotherapy in modern intensive care. 

2. METHODOLOGY 

2.1. Study Design 

This article adopts a narrative critical review design, integrating and synthesizing recent high-quality literature on physiotherapy strategies aimed at 

preventing ventilator-associated complications (VACs) in mechanically ventilated patients. The review methodology was structured to ensure rigor and 

transparency, focusing on evidence-based physiotherapeutic interventions, their effectiveness, physiological rationale, and practical implications in the 

intensive care unit (ICU). 

2.2. Data Sources and Search Strategy 

A systematic search of the literature was conducted using the following electronic databases: 

• PubMed (MEDLINE) 

• Embase 

• CINAHL (Cumulative Index to Nursing and Allied Health Literature) 

• Cochrane Library 

2.3. Inclusion Criteria 

• Population: Adults (≥18 years) admitted to an ICU and receiving invasive mechanical ventilation for more than 48 hours. 

• Interventions: Any physiotherapy-based strategies aimed at preventing ventilator-associated complications, including (but not limited to) chest 

physiotherapy, patient positioning, airway clearance, respiratory muscle training, early mobilization, and suction techniques. 



International Journal of Research Publication and Reviews, Vol 6, Issue 8, pp 1781-1787 August, 2025                                     1783 

 

• Study Types: Randomized controlled trials (RCTs), systematic reviews, meta-analyses, and clinical guidelines published in English. 

OUTCOMES:  

• Primary outcomes: Incidence of VAP or other VACs.  

• Secondary outcomes: Duration of mechanical ventilation, ICU length of stay, hospital stay, functional status, and mortality. 

2.4. Exclusion Criteria 

• Study population involved neonates, pediatric patients, or exclusively post-operative cases not on prolonged mechanical ventilation. 

• Design limitations such as narrative opinions, letters to editors, case reports, or studies lacking control/comparator groups. 

• Intervention focuses not directly involving physiotherapy (e.g., purely pharmacological, microbiological, or nursing interventions). 

• Lack of relevant outcomes, such as those not reporting data on VAP, VAC, or physiotherapy effects. 

3. RESULTS: STRATEGY-WISE CRITICAL APPRAISAL 

Strategy Primary Benefit VAP Reduction MV Duration↓ ICU LOS↓ Evidence Strength 

Semi-recumbent 

Positioning

  

↓ Aspiration, ↑ 

oxygenation 

Strong evidence Moderate benefit Significant High 

Chest 

Physiotherapy 

↑ Secretion 

clearance, ↓ 

atelectasis 

Variable Modest Variable Moderate 

Early Mobilization ↓ ICUAW, ↑ 

weaning success 

Consistent decrease Notable decrease Marked reduction High 

Subglottic 

Secretion Drainage 

↓ Aspiration 

pooling 

Highly effective Effective Moderate High 

Respiratory Muscle 

Training 

↑ Diaphragm 

strength 

Limited Evidence Mild benefit Minimal Low to Moderate 

Adjunctive (Prone, 

Kinetic) 

↑ Oxygenation, ↑ 

drainage 

Inconsistent benefit Limited evidence Unclear Low to Moderate 

3.1. Semi-Recumbent Positioning (30–45° Head Elevation) 

One of the most consistently supported physiotherapy-related strategies is the elevation of the head of the bed (HOB). By positioning patients at a semi-

recumbent angle (30–45°), the risk of gastric content reflux and micro aspiration is significantly reduced, thereby lowering the likelihood of VAP 

development. This posture also improves functional residual capacity, promotes better oxygenation, and facilitates spontaneous breathing trials. 

3.2. Chest Physiotherapy 

Chest physiotherapy includes a range of techniques such as manual percussion, vibration, postural drainage, and manual hyperinflation, all aimed at 

enhancing mucociliary clearance and preventing secretion accumulation. ICU patients receiving routine physiotherapy exhibited improved lung 

compliance and lower secretion loads. However, VAP prevention results varied across trials. While chest physiotherapy might not significantly reduce 

VAP incidence alone, it showed potential to decrease mortality and improve pulmonary function when combined with other care components. 

3.3. Early Mobilization and Functional Rehabilitation 

Bed rest and immobility are significant contributors to ICU-acquired weakness and prolonged weaning. Early mobilization initiating physiotherapy 

sessions within 48–72 hours of ICU admission has become a cornerstone in VAC prevention. Patients who underwent daily physiotherapy (passive and 

active mobilization) while ventilated experienced reduced ICU stay, quicker return to independence, and lower incidence of respiratory complications. 

Mechanism: Maintains muscle strength, enhances diaphragmatic motion, reduces systemic inflammation, and facilitates weaning. 
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3.4. Subglottic Secretion Drainage 

Subglottic secretion drainage involves the continuous or intermittent suctioning of secretions that accumulate above the endotracheal tube cuff, which 

can otherwise be aspirated into the lungs. 

Efficacy: Meta-analyses show this technique reduces VAP risk by up to 45%. 

Clinical Benefits: Associated with shorter MV duration, reduced antibiotic use, and lower ICU costs. 

3.5. Respiratory Muscle Training (RMT) 

RMT includes inspiratory muscle training (IMT) using threshold devices to enhance diaphragmatic function and weaning success. 

Limitations: Difficult to implement in deeply sedated or hemodynamically unstable patients. 

Mechanism: Counters disuse atrophy of respiratory muscles, particularly the diaphragm. 

3.6. Adjunctive Methods: Prone Positioning and Kinetic Therapy 

These interventions focus on enhancing ventilation–perfusion (V/Q) matching, secretion redistribution, and lung compliance. 

Prone Positioning: Widely used in ARDS. Studies show mortality benefits, though evidence for direct VAP reduction is inconclusive. 

Kinetic Therapy (Rotational Beds): Can mobilize secretions passively, but high cost and limited availability reduce feasibility. 

Mechanism: Improves oxygenation, alters secretion drainage pathways, and relieves dorsal lung compression. 

Intervention Strongest Evidence For 

Semi-recumbent Position VAP prevention, reduced MV, better oxygenation 

Early Mobilization ICUAW reduction, shorter LOS, improved recovery 

Subglottic Suctioning VAP prevention, lower antibiotic use 

Chest Physiotherapy  Pulmonary hygiene, reduced mortality (select cases) 

Respiratory Muscle Training Better weaning in alert patients 

Prone/Kinetic Positioning Oxygenation, secretion redistribution 

4. Discussion: 

Ventilator-associated complications (VACs), particularly ventilator-associated pneumonia (VAP), remain a major threat in ICU care despite decades of 

advancement in antimicrobial therapy and critical care management. The strategies identified in this review—semi-recumbent positioning, chest 

physiotherapy, subglottic suction, early mobilization, and respiratory muscle training have demonstrated varied but clinically meaningful impacts on 

reducing these complications. Understanding how and why these strategies work, and the challenges in applying them, is crucial for translating evidence 

into effective bedside practice. 

4.1. Physiological Mechanisms Behind Physiotherapy Strategies 

a. Semi-Recumbent Positioning 

The risk of micro aspiration and reflux is significantly increased in supine patients. Raising the head of the bed to 30–45° mechanically reduces gastric 

content movement toward the upper airway, particularly in patients with nasogastric tubes or sedative-induced low gastric motility. This strategy also 

optimizes functional residual capacity, enhancing ventilation-perfusion matching and reducing atelectasis—two factors critical in preventing secondary 

lung infections. 

b. Chest Physiotherapy 

Physiotherapy techniques such as manual percussion, vibration, and postural drainage promote mobilization of bronchial secretions and enhance 

mucociliary clearance. These actions reduce secretion stagnation, which is a known medium for bacterial colonization and a trigger for pneumonia. 

Additionally, manual hyperinflation can help recruit collapsed alveoli, improving overall lung compliance and reducing ventilation dependency. 

c. Subglottic Secretion Drainage 
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This technique works directly on the primary source of VAP—pooling of contaminated secretions above the endotracheal cuff. Suctioning from this zone 

prevents silent aspiration during ventilator cycling or patient repositioning. This simple intervention bypasses the limitations of endotracheal cuff sealing 

and provides a proactive barrier against microbial entry. 

d. Early Mobilization 

Mobilization whether passive or active improves systemic circulation, augments diaphragmatic function, and limits ICU-acquired neuromuscular 

weakness. Mobilization has also been associated with enhanced ventilator weaning, reduced time on support, and improved long-term functional 

outcomes. From a respiratory standpoint, upright positioning and movement stimulate deep breathing, spontaneous coughing, and airway clearance 

mechanisms crucial for VAP prevention. 

e. Respiratory Muscle Training 

During prolonged mechanical ventilation, the diaphragm becomes disused and atrophied a condition termed “ventilator-induced diaphragmatic 

dysfunction” (VIDD). Inspiratory muscle training reactivates the diaphragm, restores inspiratory drive, and strengthens respiratory mechanics. This not 

only aids in weaning but also reduces the risk of respiratory complications associated with weak cough and inadequate ventilation. 

4.2. Practical Application and Integration into ICU Protocols 

While the physiological rationale is strong, applying these interventions in real-world ICUs depends on multiple variables: 

• Semi-recumbent positioning is simple but prone to non-adherence. Staff need tools like bed angle monitors or checklists to ensure consistent 

application. Institutions must also address skin integrity concerns related to prolonged angling by rotating patients or using pressure-relieving 

surfaces. 

• Chest physiotherapy should be tailored. Routine application to all ICU patients is neither practical nor necessary. Clinicians should assess for 

indicators such as increased secretion load, impaired cough reflex, or radiological collapse to justify these techniques. 

• Subglottic suctioning requires the use of specialized endotracheal tubes. While upfront costs are higher, several studies show cost savings via 

reduced antibiotic use and shorter ICU stays. Its inclusion should be standard in patients expected to require >48 hours of mechanical 

ventilation. 

• Early mobilization protocols demand interdisciplinary planning—typically involving physiotherapists, intensivists, nurses, and respiratory 

therapists. Regular assessments using sedation scales (e.g., RASS) and mobility readiness checklists are needed. Barrier reduction strategies 

include dedicated mobility teams, availability of transfer aids, and institutional culture change that values functional recovery. 

• Respiratory muscle training, while promising, remains underutilized. This may be due to a lack of standardized devices or training. Research 

suggests that incorporating RMT in later stages of ventilation (especially post-sedation) is both safe and effective in selected patients. 

4.3. Barriers to Implementation 

Barrier Explanation 

Limited manpower or staffing Some ICUs lack dedicated physiotherapists; prioritization of care is needed 

Lack of standardization Wide variability exists in frequency, duration, and technique application 

Cost of equipment Devices for subglottic suction or kinetic therapy may be financially limiting 

Fear of adverse events Concerns about hemodynamic instability during mobilization or repositioning 

Knowledge/practice gap Inconsistent understanding among ICU teams about physiotherapy benefits 

To overcome these, healthcare institutions should: 

• Invest in training ICU physiotherapists and respiratory therapists. 

• Incorporate physiotherapy guidelines into ICU protocols. 

• Conduct internal audits on compliance with VAP bundles. 

• Promote multidisciplinary ICU rounds to identify candidates for intervention. 

4.4. Limitations in the Existing Literature 

• Heterogeneity in studies: There is significant variation in patient populations, ICU settings, and physiotherapy protocols across studies, making 

meta-analyses difficult and sometimes inconclusive. 
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• Underpowered trials: Many RCTs in this field include relatively small sample sizes, limiting statistical significance. 

• Short follow-up durations: Most studies focus on ICU-related outcomes without assessing long-term respiratory function or post-ICU recovery. 

• Lack of bundled evaluation: Very few trials evaluate comprehensive physiotherapy bundles; most study single strategies in isolation. 

5. CONCLUSION 

Ventilator-associated complications (VACs) with ventilator-associated pneumonia (VAP) as the most prominent example, remain a major concern in 

critical care, significantly increasing patient morbidity, mortality, ICU length of stay, and healthcare costs. While medical and nursing interventions are 

central to VAC prevention, this review clearly establishes that physiotherapy strategies provide indispensable, evidence-backed contributions to 

improving outcomes in mechanically ventilated patients. 

Among all evaluated strategies, semi-recumbent positioning, subglottic secretion drainage, and early mobilization consistently demonstrated strong 

preventive effects against VACs. These interventions reduce aspiration risk, enhance respiratory mechanics, maintain neuromuscular function, and 

facilitate earlier ventilator weaning. Chest physiotherapy, particularly in patients with secretion retention or pulmonary collapse, also showed meaningful 

benefits when applied judiciously. Respiratory muscle training and prone or kinetic positioning present promising adjunctive roles in select patient 

populations. 

From a mechanistic standpoint, these physiotherapy approaches align directly with the pathophysiology of VAP and related complications. Whether by 

promoting secretion clearance, improving oxygenation, or preventing disuse atrophy of the diaphragm, physiotherapy addresses both the pulmonary and 

systemic effects of prolonged mechanical ventilation. 

Yet, despite the supportive evidence, clinical implementation remains inconsistent across ICUs worldwide. Barriers such as limited staff availability, lack 

of standardization, inadequate training, and resource constraints continue to hinder the routine integration of physiotherapy into VAC prevention bundles. 

Moreover, variability in study designs and outcomes makes it difficult to draw universally applicable conclusions. 

Thus, to truly maximize the potential of physiotherapy in the ICU, it is imperative that healthcare institutions embrace structured, interdisciplinary 

protocols that elevate the role of physiotherapists in ventilator management teams. 

5.1. Future Directions 

The current body of literature offers a strong foundation but also highlights key areas where further exploration and development are necessary. The 

following directions are recommended for research, education, and clinical integration: 

A. Research Priorities 

1. Large-scale, multicenter RCTs evaluating physiotherapy as part of comprehensive VAC prevention bundles. 

2. Cost-effectiveness studies comparing physiotherapy-based strategies with conventional medical approaches in diverse ICU settings. 

3. Longitudinal studies assessing long-term functional, respiratory, and psychological outcomes in patients receiving early physiotherapy during 

ventilation. 

4. Trials that explore optimal timing, dosage, and intensity of physiotherapy techniques tailored to different ICU populations (e.g., trauma, neurological, 

geriatric). 

B. Clinical Practice Innovations 

1. Integration of physiotherapy into standard ICU VAP prevention protocols, alongside nursing and medical care. 

2. Development of standardized training modules and competency assessments for ICU physiotherapists. 

3. Implementation of automated tools and alerts (e.g., bed-angle monitors, EMR reminders) to ensure adherence to semi-recumbent positioning. 

4. Establishment of dedicated ICU mobilization teams to deliver early mobilization safely and efficiently. 

C. Policy & Education 

1. Advocacy for mandatory inclusion of physiotherapy in ICU care policies and VAP prevention bundles. 

2. Promotion of interdisciplinary education programs that highlight physiotherapists’ role in critical care. 

3. National and international professional bodies should develop and disseminate consensus guidelines outlining physiotherapy’s role in VAC prevention. 
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