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Abstract

Background and objectives: Secretion retention is common in invasively 
mechanically ventilated ICU patients. Airway clearance techniques (ACTs) 
are widely used, although their physiological and clinical effects remains 
uncertain. We aimed to evaluate the physiological and clinical effects of 
selected ACTs in invasively mechanically ventilated adult ICU patients.

Methods: This systematic review was registered in PROSPERO 
(CRD42025631124) and conducted according to PRISMA guidelines. We 
searched MEDLINE, Embase, and the Cochrane Central Register of 
Controlled Trials (CENTRAL), Web of Science, and PEDro up to 20 March 
2025. Studies evaluating ventilator hyperinflation, PEEP–ZEEP technique, 
expiratory rib-cage compression (ERCC), or mechanical insufflation–
exsufflation (MI-E) in mechanically ventilated adults were included. We 
assessed risk of bias using the Cochrane Risk of Bias tool for randomized 
studies and Joanna Briggs Institute tools for observational studies and case 
series. The primary outcome was secretion clearance (e.g., sputum weight or 
volume). Secondary outcomes included clinical outcomes (mortality, duration 
of invasive mechanical ventilation, ICU length of stay), safety (adverse events 
during ACTs), and respiratory complications related to impaired airway 
clearance (gas-exchange impairment, increased work of breathing, and 
ventilator-associated pneumonia).

Results: Forty-six studies including 1,884 patients were analysed. Secretion 
clearance was the most frequently reported outcome. Several studies 
reported greater secretion clearance with ACTs compared with standard care 
or suctioning alone, although findings varied across techniques, comparisons, 
and outcome definitions. ERCC, MI-E, and hyperinflation techniques were 
associated with increased secretion clearance in some studies, whereas 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



results for PEEP–ZEEP technique were inconsistent. Effects on respiratory 
mechanics, oxygenation, and clinical outcomes were variable and 
predominantly short-term.

Clinically relevant respiratory complications and patient-centred outcomes 
were inconsistently reported. No clear effect was observed on mortality, 
duration of mechanical ventilation, or ICU length of stay. No major adverse 
events were reported.

Conclusion: Selected ACTs may improve short-term secretion clearance in 
invasively ventilated ICU patients. However, the evidence is largely limited 
to surrogate physiological outcomes and is of low certainty for clinically 
meaningful outcomes, whose effects remain uncertain. Further high-quality 
studies using standardized outcome definitions and robust safety reporting 
are required.

List of abbreviations

ACT = airway clearance techniques

Cdyn = dynamic compliance

Cst = static compliance of the respiratory system

ERCC = expiratory rib-cage compression

f/Vt = respiratory rate to tidal volume ratio

HR = heart rate

ICU = intensive care unit

LOS = length of stay

MAP = mean arterial pressure

MD = mean difference

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



MHI = manual hyperinflation

MI-E = mechanical insufflation–exsufflation

MV = mechanical ventilation

NRSI = non-randomized study of interventions

PaCO2 = arterial partial pressure of carbon dioxide

PaO2/FiO2 = the ratio of arterial oxygen partial pressure to fraction of 
inspired oxygen

PEEP-ZEEP = Positive End-Expiratory Pressure – Zero End-Expiratory 
Pressure

Pplat = plateau pressure

PPeak = peak airway pressure

RCT = randomized controlled trial

RR = risk ratio

SMD = standardized mean difference

SpO2 = peripheral oxygen saturation

VAP = ventilator-associated pneumonia

VCO2 = carbon dioxide production

VHI-MHI = ventilator hyperinflation and manual hyperinflation

Vt = tidal volume

Introduction
Secretion retention is a clinically relevant problem in adults receiving 
invasive mechanical ventilation (MV) (1). The presence of an artificial airway, 
impaired mucociliary clearance, reduced cough effectiveness, inadeguate 
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humidification, and respiratory muscle weakness may promotes mucus 
accumulation, leading to atelectasis, hypoxaemia, infection, and ventilator-
associated pneumonia (VAP) (2). These complications contribute to delayed 
weaning and extubation failure (3). In a pivotal multicentre cohort, ineffective 
cough and abundant secretions were independent predictors of reintubation, 
while intensive care unit (ICU)-acquired weakness further impaired airway 
clearance capacity during the first week after extubation (4). The burden of 
secretion retention is amplified in specific subgroups, including older adults 
and individuals with chronic obstructive pulmonary disease, heart failure, 
renal dysfunction or neurological impairment, who exhibit a reduced 
physiological reserve and are particularly vulnerable to secretion-related 
complications (5, 6). In these populations, impaired airway clearance may 
initiate a cascade leading to prolonged mechanical ventilation, increased 
infection risk, and poorer clinical outcomes (7, 8).
A wide range of airway clearance techniques (ACTs) is used in mechanically 
ventilated ICU patients, including suctioning strategies, humification 
systems, nebulised therapies, oscillatory devices, intrapulmonary percussive 
ventilation, manual techniques, and ventilator-based approached (9).
Among these, selected ACTs, such as manual or ventilator hyperinflation 
(MHI, VHI), PEEP–ZEEP manoeuvres (10), expiratory rib-cage compression 
(ERCC), and mechanical insufflation–exsufflation (11), are specifically 
designed to enhance expiratory flow bias, mobilize secretions, optimise 
ventilation distribution, or facilitate cough assistance (9, 12). Despite their 
widespread use, clinical practice remains variable across and within 
countries (9, 13). Surveys consistently report differences in indications, 
treatment intensity, and preferred modalities, often influenced by local 
expertise, resource availability, and clinician preference rather than high-
quality comparative evidence (13-15).
Previous systematic reviews have mainly evaluated single techniques, 
particulary hyperinflation strategies such as MHI and VHI (16-18), and have 
predominantly focused on short-term physiological outcomes. Consequently, 
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clinicians still lack a structured synthesis comparing selected ACTs 
commonly used to promote secretion mobilization in invasively ventilated 
adults.
Moreover, methodological limitations, including small sample sizes, 
heterogeneous protocols, short follow-up periods, and inconsistent reporting 
of patient-centred outcomes, limit the interpretation and clinical applicability 
of the currrent evidence.
Recent international efforts to develop consensus-based recommendations 
further highlight the uncertainty and variability surrounding ACT use in 
mechanically ventilated ICU patients (19).
Therefore, this systematic review aimed to evaluate the physiological effects, 
clinical outcomes, and safety of selected ACTs (ERCC, MI-E, PEEP-ZEEP 
manoeuvres, and MHI/VHI) in invasively mechanically ventilated adults, with 
a specific focus on secretion clearance, respiratory physiology, and clinically 
relevant patient-centred outcomes.

Methods
This is a systematic review, performed following the guidelines outlined in 
the Cochrane Handbook for Systematic Reviews of Interventions (20) and the 
reporting according to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 2020 guidelines (checklist included in Online 
Resource 1). The protocol was registered on PROSPERO (CRD42025631124).
Selection criteria
Type of studies
In this systematic review, we considered randomized controlled trials (RCTs), 
crossover studies, and non-randomized studies of interventions (NRSIs), 
evaluating the physiological parameters and clinical effectiveness of ACTs in 
invasively mechanically ventilated adult ICU patients.
We excluded pilot, case reports, systematic reviews, protocols, and 
conference or meeting abstracts only.
Population
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We included adults (over 18 years old) receiving invasive mechanical 
ventilation in the ICU, irrespective of underlying diagnosis, disease severity, 
or clinical phenotype. Eligible populations included medical and surgical 
patients with acute critical illness (e.g., cardiopulmonary arrest, neurological 
injury, acute respiratory failure). Studies enrolling mixed populations were 
included when data for the target population were clearly identifiable. 
Studies focusing on patients with primary neuromuscular disorders and 
studies involving pediatric populations were excluded.
Interventions
The review included studies addressing one of the four ACTs (ERCC, MI-E, 
PEEP-ZEEP maneuvers, and VHI-MHI) alone or in combination with other 
treatments such as conventional physiotherapy or suctioning. We considered 
studies that compared one of the four ACTs (either standalone or combined) 
to any other intervention, including non-ACTs, usual care, suctioning, no 
intervention. The selection of these techniques was guided by their consistent 
representation in existing narrative and scoping reviews of airway clearance 
in invasively ventilated patients and by the availability of primary clinical 
studies examining their application in this population (9, 13).
Outcome measure
Primary outcome
Secretion retention/clearance: assessed using physiological indicators such 
as sputum weight or sputum (gr) volume.
Secondary outcomes
Secondary outcomes were grouped into clinically relevant domains, given the 
heterogeneity of outcome definitions across studies.
Clinical outcomes included mortality, duration of invasive mechanical 
ventilation, and ICU length of stay
Safety outcomes included adverse events occurring during airway clearance 
techniques (ACTs) (e.g., desaturation, hemodynamic instability, endotracheal 
tube obstruction, ventilator-related events).
Respiratory complications related to impaired airway clearance included:
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 Gas-exchange impairment, assessed using PaO₂/FiO₂, PaCO₂, and SpO₂
 Increased work of breathing, assessed using physiological and ventilatory 

parameters (e.g., VCO₂, tidal volume, peak airway pressure and plateau 
pressure, driving pressure, respiratory system compliance, f/Vt, heart 
rate, and mean arterial pressure)

 Ventilator-associated pneumonia
Search Strategy
Our systematic review commenced with a comprehensive search across the 
following databases: MEDLINE, Embase, Web of Science, the Cochrane 
Central Register of Controlled Trials (CENTRAL), and Pedro-up to 20 March 
2025. The search strategy adapted for each database is reported in 
Supplementary Table A. The search strategy was developed using Medical 
Subject Headings (MeSH) and relevant text-words. No restrictions were 
applied to publication date to ensure a comprehensive search, while only 
English-language studies were considered for eligibility. This restriction was 
applied due to methodological feasibility considerations and to ensure 
accurate interpretation of physiological and ventilatory outcomes reported in 
the included studies. Moreover, we also hand-searched the reference lists of 
included previous systematic reviews. The duplicates were removed using 
EndNote version 20.6 (Clarivate, Philadelphia, PA, USA).
Screening process
The screening was conducted by two independent authors (MC and GT) 
blinded to each other’s assessment, using the Rayyan Intelligent Systematic 
Review tool (https://www.rayyan.ai/) (21). All titles, abstracts, and full texts 
were screened for appropriateness. Any conflicts among the reviewers were 
resolved by a third reviewer (VR) until a consensus was achieved. All 
reviewers responsible for study selection were physiotherapists with over 10 
years of experience in critical care and respiratory management, as well as 
expertise in research methodology, ensuring a rigorous and informed 
selection process.
Data extraction
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Two reviewers (MC and GT) independently extracted data from each included 
study using a predefined Excel form. A third author (VR) checked all 
extracted data.
Extracted variables included study characteristics (year of publication, first 
author, country), participant characteristics (age, sex distribution, 
comorbidities, comorbidity burden (e.g., Charlson Comorbidity Index when 
available), and disease severity (e.g., SAPS II, APACHE II). Baseline 
respiratory status was also collected, including PaO₂/FiO₂, and details of the 
airway clearance intervention (expiratory rib-cage compression, ERCC; MI-
E; PEEP-ZEEP and VHI-MHI), including duration, dosing and the healthcare 
professional delivering the intervention. Comparator characteristics were 
also collected, including the nature, duration, and frequency of the 
comparison intervention.
Outcome-related data included the outcomes assessed in each study, the 
measurement instruments used, and the corresponding numerical results. 
Disagreements were resolved through discussion, with involvement of a third 
reviewer when necessary.
Assessment of risk of bias in included studies
Two reviewers (MC and VR) performed the risk of Bias utilizing the Cochrane 
Risk of Bias 1 (RoB1) (22) or Joanna Briggs Institute (JBI) Critical Appraisal 
tools (23) for observational studies and case series (24), as appropriate. 
Disagreements between the two authors were resolved through discussion 
with additional reviewers (MJDF and CC), resulting in a final consensus.
Statistical analysis
When the information was not directly available from data extraction, it was 
calculated if possible. Results were summarized using descriptive statistics 
and counts, and percentages were reported for categorical variables.
A meta-analysis using a random‐effects model was planned to pool similar 
studies regarding participants, interventions, comparisons, and outcomes if 
the data were available. Mean differences (MDs) for continuous outcomes 
measured with the same metrics or standardized mean differences (SMDs) 
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for outcomes measured with different metrics with 95% CIs were calculated, 
as well as risk ratios (RRs) with 95% CIs for adverse events and mortality. 
Statistical heterogeneity was assessed by visual inspection of the forest plot 
and the Chi2 statistic; as recommended in the Cochrane Handbook for 
Systematic Reviews of Interventions (25), a P value<0.1 was considered 
statistically significant. To determine the impact of heterogeneity on the 
meta-analysis, the I2 statistic was used, considering an I2 from 0% to 40% to 
indicate that heterogeneity might not be important, 30% to 60% moderate 
heterogeneity, 50% to 90% substantial heterogeneity, and 75% to 100% 
considerable heterogeneity. In the case of 10 or more studies included in the 
meta-analysis, publication bias was assessed via visual inspection of funnel 
plots (26).
All the analyses were performed using Review Manager (RevMan) 5.4.1 
software. We planned to perform a narrative synthesis with frequencies if a 
meta-analysis was not applicable. Meta-analysis was considered only when 
studies were sufficiently homogeneous in terms of participants, 
interventions, comparators, outcome definitions, and timing of assessment. 
For the narrative synthesis, studies were grouped by intervention type 
(ERCC, MI-E, PEEP–ZEEP, VHI/MHI), comparator, outcome domain 
(physiological, clinical, safety), and study design. Direction of effect was 
classified as improvement, no difference, or worsening relative to the 
comparator based on reported study results. Consistency of findings was 
assessed qualitatively by comparing the direction and magnitude of effects 
across studies within each intervention–outcome group.
Particular attention was given to crossover trials. Quantitative pooling was 
not performed unless paired data were available. In most cases, within-
participant correlation coefficients were not reported, and potential 
carryover effects and unit-of-analysis issues could not be adequately 
addressed, precluding valid meta-analytic synthesis even for commonly 
reported outcomes such as sputum weight or volume.
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Weighted means and standard deviations were estimated where possible by 
aggregating the available data or estimating them from medians and 
interquartile ranges (27).
Analysis of subgroups
We planned to conduct subgroup analyses based on different underlying 
health conditions (e.g., acute respiratory distress syndrome, thoracic 
surgery, stroke), if sufficient data were available.
Certainty of evidence assessment
A qualitative assessment of certainty of evidence was conducted on RCTs and 
crossover trials using GRADE domains (methodological limitations of the 
studies, indirectness, imprecision, inconsistency, and publication bias), and 
applied narratively given the absence of quantitative pooling (28). The 
certainty of evidence across outcomes was summarised in a Summary of 
Findings table, with detailed domain-level assessments.
Deviation from protocol
During the conduct of the review, the search strategy was expanded to 
include one additional database beyond those prespecified in the protocol in 
order to improve study identification. Prespecified outcomes were 
reorganised for reporting due to substantial heterogeneity in study design, 
populations, and outcome measurement across included studies. All 
outcomes analyzed in the review were prespecified in the protocol. For 
reporting purposes, and due to substantial heterogeneity in outcome 
definitions and measurement methods, secretion retention/clearance was 
designated as the primary outcome, because it most directly reflected the 
physiological target of airway clearance techniques, while the remaining 
outcomes were grouped into clinically relevant secondary domains (clinical 
outcomes, safety outcomes, and respiratory complications related to 
impaired airway clearance). These changes were made to improve clarity and 
did not alter the underlying review question or eligibility criteria. Two 
prespecified outcomes (atelectasis and re-intubation) were not reported in 
the included studies and were therefore not presented as standalone 
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outcomes in the final synthesis. These outcomes remained part of the review 
framework and were retained during data extraction, but no eligible data 
were available for synthesis. Finally, a qualitative assessment of the certainty 
of evidence using GRADE domains (28) was performed post hoc in response 
to peer reviewers’ comments to improve transparency and interpretation of 
the findings.
Results
Study Selection
The PRISMA flow diagram summarizing the study selection process is 
reported in Figure 1. The literature search identified 12037 records, and 
after removing duplicates, we screened 7,176 records. We excluded, 7084 
records based on title/abstract. We retrieved 92 records for full-text 
screening and discarded those that did not meet the inclusion criteria. 
Finally, 33 studies were included, and 13 additional publications were 
identified via citation searching. The list of the excluded studies and the 
reasons for exclusion are listed in Supplementary Table B.

Study characteristics
The characteristics of the included studies are summarized in Table 1. The 
studies were published between 1998 (29) and 2025 (30) for a total of 1,884 
participants. The studies covered the following WHO regions: 14 studies from 
the Eastern Pacific Region, 3 from the Eastern Mediterranean Region (EMR), 
23 from the Region of the Americas, 3 from the European Region, and 3 
studies from the South-East Asia Region. The studies covered countries from 
different income levels: high-income countries (HIC) were represented in 16 
studies (11, 29, 31-44), upper-middle income countries in 25 studies (45) (6, 
38, 46-67), and lower-middle income countries in 5 studies (30, 68-71) None 
from low-income countries, according to the 2024 World Bank Classification. 
Among the eligible studies, 11 were RCTs (6, 29, 30, 39, 48, 52-55, 63, 69), 
29 randomized crossover trials (31-36, 38, 40, 43-47, 49-51, 56-58, 60-62, 64-
67, 70-72), 3 prospective studies (42, 59, 68), 1 non-randomized controlled 
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trial (37), 1 retrospective study (11), and 1 case series (41). Four of the 
studies were multicentric (35, 38, 39, 67), while 42 were conducted in a single 
center.
Population
Sample sizes ranged from 10 to 180; reported mean or median ages ranged 
from 28 to 73 years, and 56% of participants were male (1,053/1,884). 
Comorbidities were reported in 16 out of 46 studies, most commonly 
including COPD, diabetes mellitus, hypertension, and chronic heart disease. 
Seven studies involved tracheostomized patients (104/1884; 5.5%). Most 
studies included patients described as clinically stable, generally defined by 
relatively low ventilatory support requirements (PEEP ≤ 10 cmH₂O, FiO₂ ≤ 
0.40) and adequate oxygenation (SpO₂ > 90%). Common exclusions included 
elevated intracranial pressure, undrained pneumothorax, rib fractures, chest 
drains, and severe bronchospasm. The included populations were a 
heterogeneous ICU case mix, predominantly patients with respiratory or 
neurological/neurosurgical diagnoses, and often also postoperative 
(abdominal, thoracic, or cardiac surgery) or with sepsis/septic shock.
The main characteristics of patients included in the systematic review are 
extracted in Table 2.
Critical appraisal
Findings from the critical appraisal are summarized in Supplementary 
Table C and Supplementary Figures 1 and 2. The single case series and 
non-randomized controlled trial were assessed as having low risk of bias, as 
most items on the JBI checklists received positive evaluations. Among the 
other observational studies, the main methodological limitations were the 
lack of clear management of confounding factors and missing data. Finally, 
the risk of bias assessment of the included RCTs indicated a high risk of 
performance and detection bias due to the absence of blinding of study 
participants and personnel, which also affected subjective outcome 
assessment. Unclear risk of selection and other biases was observed due to 
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insufficient information on allocation concealment and on the appropriate 
management of the crossover study design.
Evidence synthesis
Due to substantial clinical and methodological heterogeneity, meta-analysis 
was not considered appropriate. Studies differed considerably in intervention 
protocols, ventilatory settings, co-interventions, comparator groups, outcome 
definitions, and timing of assessment. Furthermore, many randomized 
studies used crossover designs but did not report the paired data required 
for valid quantitative synthesis. As a result, unit-of-analysis considerations 
and the inability to appropriately account for within-subject correlations and 
potential carryover effects precluded reliable pooling of results, including for 
commonly reported outcomes such as secretion weight or volume. Therefore, 
findings were synthesized narratively (Figure 2). Across the selected ACTs, 
secretion clearance was the most infrequently reported and inconsistently 
defined. Across the selected ACTs, secretion clearance was the most 
consistently reported outcome, although assessment methods and timing 
varied considerably across studies. Respiratory physiological parameters, 
including respiratory mechanics and gas exchange, were predominantly 
evaluated immediately after intervention, whereas patient-centred outcomes 
were infrequently reported and inconsistently defined. Safety outcomes were 
reported inconsistently across studies. When reported, adverse events mainly 
included transient haemodynamic, respiratory, or ventilatory changes during 
or after the intervention. No major adverse events, including barotrauma, 
accidental extubation, or sustained haemodynamic instability, were reported 
in the included studies. Definitions of adverse events, monitoring windows, 
and reporting methods varied across studies.
Overall certainty of evidence, as summarised in the Summary of Findings 
table (Table 3), was low to very low across outcomes (see also 
Supplementary Table D).
Interventions
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Most studies (31/46) reported both the invasive MV mode and the clinical 
setting in which airway clearance interventions were delivered. In the 
majority of cases, techniques were applied in patients receiving invasive MV, 
most commonly during pressure support ventilation, and were delivered by 
physiotherapy staff and/or nursing teams. The distribution of ventilation 
modes and settings is summarized in Supplementary Table E.
ERCC
Ten studies (n=529) (30, 37, 43, 48, 52, 53, 55, 58, 70, 71) examined ERCC 
alone or combined with suctioning/standard care. Secretion clearance was 
assessed in several studies, with higher sputum yield reported when ERCC 
preceded suctioning compared with suctioning alone in some investigations 
(43, 70, 71), whereas others reported no significant difference. Effects on 
oxygenation were generally modest and short-term (55, 70). In a multimodal 
chest physiotherapy protocol including ERCC, the study showed a significant 
reduction in VAP in the intervention group compared with controls (p=0.01). 
Duration of MV and ICU LOS did not differ significantly between groups. No 
serious adverse events directly attributable to ERCC were reported. Key 
study characteristics are summarized in Table 4.
MI-E
Eight studies (11, 36, 40, 41, 51, 54, 64, 72) (n=476) evaluated MI-E, either 
alone (41) or combined with conventional physiotherapy. Comparator 
interventions included positioning with suctioning (36, 40, 51, 54, 64), ERCC 
with suctioning (72) or standard chest physiotherapy (11). Across studies, MI-
E was generally associated with increased secretion clearance and short-term 
improvements in respiratory mechanics, particularly when higher 
insufflation–exsufflation pressures were applied.
In two studies using pressures of ± 40 cmH₂O, MI-E (alone or combined with 
manually assisted techniques) resulted in significantly greater secretion yield 
compared with comparator interventions (both p<0.001) (54, 72). One 
pressure-level comparison study reported improved static compliance 
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(p=0.005) and reduced airway resistance with higher pressure settings 
(−50/+50 cmH₂O)(64).
Clinical outcomes were inconsistently reported. One study observed lower 
VAP incidence or reduced antibiotic use with MI-E compared with 
conventional chest physiotherapy (11), whereas another reported no 
significant difference in ventilator-free days (36). Overall, MI-E was well 
tolerated, with no reports of barotrauma or sustained haemodynamic 
instability (40, 41). Key study characteristics are summarized in Table 5.
PEEP-ZEEP
Seven studies (46, 49, 56, 59, 61, 65, 67) (n=122) evaluated PEEP–ZEEP 
maneuvers, predominantly in physiologically stable mechanically ventilated 
patients (Table 6). Most studies focused on exipiratory flow bias and 
respiratory mechanics rather than patient-centred outcomes.
Studies assessing expiratory flow bias consistently demonstrated increased 
PEF–PIF gradients during the ZEEP phase, particularly when manual chest 
compression or volume-controlled ventilation strategies were applied (46, 
65). One study reported significantly higher expiratory flow bias indices 
during volume-controlled ventilation compared with pressure support 
ventilation (p<0.001) (46). Static compliance improved significantly after the 
PEEP–ZEEP manoeuvre in one study (p=0.007) (49).
Findings regarding secretion clearance were less consistent. Two studies 
comparing PEEP–ZEEP with bag squeezing reported no significant 
differences in sputum weight between groups (56, 61). Hemodynamic 
variables remained generally stable across studies evaluating safety 
outcomes (49, 56, 59, 61, 67).
VHI-MHI
Twenty-one randomized crossover trials (n=757) evaluated VHI, MHI, or 
variants combined with adjuctive maneuvers (Table 7). Five trials directly 
compared VHI and MHI, using secretion clearance as the primary outcome. 
Results were generally comparable, although one study reported significantly 
greater secretions removal with VHI (p < 0.001) (31-33, 44, 69).
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Compared with suctioning alone, VHI/MHI more consistently increased 
secretion clearance, with higher sputum weight or volume reported in most 
studies (35, 47, 60, 62, 63). Improvements in respiratory mechanics were also 
observed in some investigations, including higher respiratory compliance 
(35, 38, 47, 50, 62) and increased tidal volume after hyperinflation (47, 62). 
Among studies comparing MHI with standard care (6, 29, 39) clinical 
outcomes generally favored MHI across the reported outcome. One study 
reported significant higher rates of successful weaning (p < 0.05) and ICU 
discharge (p < 0.01) in the MHI group (6). Studies evalutating adjunctive 
manoeuvres in combination with VHI/MHI yielded inconsistent findings, 
although some suggested that positioning or ERCC may further enhance 
secretion clearance (34, 63). Two studies comparing ventilator delivery 
modes reported that volume-controlled strategies more consistently achieved 
expiratory flow-bias targets than pressure-support ventilation (42, 66).
Discussion
In this systematic review, we synthesised evidence from 46 studies evaluating 
airway clearance techniques in 1,884 invasively mechanically ventilated 
adults. The main finding is that selected ACTs may improve short-term 
physiological measures of airway clearance, particularly secretion weight or 
volume, but evidence for clinically meaningful outcomes remains limited, 
heterogeneous, and uncertain. This distinction is important: secretion 
mobilisation represents a plausible mechanistic target in mechanically 
ventilated patients with impaired cough and mucociliary clearance, but it 
should not be interpreted as direct evidence that ACTs reduce ventilator-
associated pneumonia, shorten mechanical ventilation, improve weaning 
success, reduce ICU length of stay, or affect mortality. The available 
literature was characterised by marked variability in intervention protocols, 
ventilatory settings, patient populations, timing of assessment, and outcome 
definitions. Most studies assessed immediate or short-term physiological 
responses, whereas patient-centred outcomes were either not reported or 
reported in studies with limited power. These factors limited comparability 
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across studies and precluded robust quantitative synthesis for most 
outcomes.
Risk-of-bias assessment consistently indicated high or unclear risk across 
most randomized studies, largely due to lack of blinding, incomplete 
reporting of allocation and crossover procedures, and potential performance 
bias. These methodological limitations likely contributed to variability in 
effect estimates and may have inflated short-term physiological effects, 
particularly for operator-dependent outcomes such as secretion clearance. 
Ventilatory mode and ventilator settings appeared particularly relevant. 
Studies evaluating PEEP–ZEEP and ventilator hyperinflation suggested that 
volume-controlled strategies may more consistently generate expiratory flow 
bias compared with pressure-support ventilation. Similarly, inspiratory 
pressures, inspiratory time, and baseline PEEP varied substantially across 
studies and may have influenced secretion mobilisation and respiratory 
mechanics. Although no major adverse events were reported, safety cannot 
be inferred with confidence because adverse-event reporting was 
inconsistent, and most studies were not powered to detect uncommon harms. 
These findings extend previous reviews by providing a clinically oriented 
synthesis across different modes of ACT delivery and highlighting key sources 
of heterogeneity affecting comparability (73). ACTs are widely implemented 
in the respiratory management of critically ill patients. Their physiological 
rationale is based on the generation of an expiratory flow bias, facilitating 
mucus transport in conditions characterized by impaired cough effectiveness 
and altered mucociliary clearance (74, 75). Across the available studies, the 
most frequently reported effect was increased secretion mobilization, 
typically quantified by aspirate or sputum weight. Across techniques, shared 
mechanisms include transient increases in expiratory airflow, modulation of 
lung volumes, and reduction of mucus adhesion through shear forces.
Peripheral-oriented strategies generally aim to increase lung volume and 
promote collateral ventilation, whereas proximal-oriented approaches aim to 
optimize expiratory flow bias (PEF > PIF) (76, 77). However, this distinction 
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should be interpreted cautiously, as mucus transport depends on the 
interaction between airflow dynamics, regional lung mechanics, and airway 
geometry (37, 78). Secretion clearance should be interpreted as a surrogate 
physiological outcome rather than direct evidence of clinical benefit. This 
kind of outcome is also operator-dependent and particularly vulnerable to 
performance and detection bias in unblinded studies. Although increased 
sputum weight or volume is mechanistically relevant, especially in patients 
with secretion retention or impaired cough, the available evidence does not 
establish that these short-term effects translate into improved patient-
centred outcomes. In particular, effects on ventilator-associated pneumonia, 
duration of mechanical ventilation, ICU length of stay, weaning success, and 
mortality remain uncertain because these outcomes were inconsistently 
reported and generally underpowered. From a clinical perspective, the 
available evidence suggests that ACTs may be most applicable in 
mechanically ventilated patients with suspected secretion retention, 
impaired cough effectiveness, or atelectasis-related respiratory impairment. 
However, most included studies enrolled relatively clinically stable patients 
with moderate ventilatory support requirements, limiting extrapolation to 
patients with severe hypoxaemia or haemodynamic instability. Ventilatory 
mode, inspiratory settings, baseline PEEP, patient–ventilator interaction, and 
sedation level may also influence the feasibility and physiological response to 
these interventions. Therefore, ACTs should be considered adjunctive 
interventions integrated within a broader respiratory management strategy 
rather than stand-alone therapies.The current evidence base is characterised 
by substantial variability across patient populations, intervention protocols, 
outcome definitions, and timing of assessment, as consistently reported by 
Battalian et al (79). Geographical variability contributed to differences in ACT 
application. Ventilator-based strategies (e.g., ventilator hyperinflation, 
PEEP–ZEEP) predominated in studies from Brazil, whereas manual 
techniques were more commonly reported in Australia and other regions. 
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Device-assisted approaches, such as mechanical insufflation–exsufflation, 
were mainly reported in Japan and parts of Europe.
These observations support the identification of three broad models of ACT 
delivery, ventilator-based, manual, and device-assisted, reflecting local 
expertise and resource availability, and potentially limiting comparability 
across studies.
Among specific techniques, MI-E appears particularly promising in patients 
at high risk of extubation failure (80, 81). Although recent expert 
recommendations have suggested asymmetric pressure settings, all studies 
included in this review used symmetric insufflation–exsufflation pressures, 
typically ranging from ± 40–50 cmH₂O. This highlights a gap between current 
recommendations and available clinical evidence.
Consistent with previous literature (9, 82), current evidence supports 
physiological effects without clear evidence of outcome modification. ACTs 
should therefore be considered adjunctive interventions within a 
comprehensive ICU strategy rather than stand-alone therapies expected to 
directly modify major clinical outcomes. The included studies involved 
heterogeneous populations with mixed diagnoses and variable illness 
severity, and interventions were predominantly applied to clinically and 
haemodynamically stable patients, in line with current consensus 
recommendations (19). Some commonly reported exclusion criteria, such as 
rib fractures or the presence of chest drains, may represent relative rather 
than absolute contraindications to certain airway clearance techniques, 
depending on clinical context and technique selection, thereby potentially 
limiting the generalizability of these findings.
ACTs were applied across different ventilatory modes and disease categories, 
without evidence of disease-specific superiority. Airway anatomy and 
artificial airway configuration may further influence treatment response. In 
particular, the presence of a tracheostomy modifies upper airway resistance 
and expiratory flow dynamics, potentially affecting the generation of 
expiratory flow bias and the effectiveness of cough-augmenting strategies. 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



Emerging evidence suggests that airway configuration and ventilatory 
interface should be considered when selecting and titrating ACTs (83). In the 
absence of standardized algorithms, ACTs selection remains largely 
individualized. These interventions may be most appropriate in patients with 
evidence of secretion retention or impaired airway clearance, particularly 
when integrated with careful monitoring of ventilatory parameters and 
patient response.
Differences in operational parameters and treatment dose further limit 
reproducibility and comparability, with ventilator hyperinflation representing 
a clear example in which heterogeneous application complicates 
interpretation of comparative effectiveness.
ACTs are delivered within a multidisciplinary context involving 
physiotherapists, nurses, and intensivists. Effects on respiratory mechanics 
were inconsistently reported and appeared dependent on technique intensity, 
ventilatory settings, and underlying pathophysiology (76). Higher-pressure or 
volume-oriented strategies were occasionally associated with transient 
improvements in compliance, whereas lower-intensity interventions 
generally produced minimal or short-lived effects. These context-dependent 
responses may explain both the variability observed across studies and the 
limited translation of short-term physiological improvements into clinically 
relevant outcomes. In clinical practice, treatment effectiveness is assessed 
through multimodal evaluation that integrates ventilator parameters, 
respiratory patterns, patient–ventilator interactions, and secretion 
characteristics. Within this framework, compliance should be interpreted as 
an integrative physiological marker rather than an isolated indicator of 
treatment success (84).
Although physiotherapists and nurses perform ACTs, the safety and 
effectiveness of these interventions are strongly influenced by ventilatory 
settings and sedation strategies managed by intensivists. Among the 
evaluated techniques, ventilator hyperinflation was the most extensively 
studied. It demonstrated clearance of secretions and short-term physiological 
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effects comparable to those of manual hyperinflation while maintaining PEEP 
and circuit integrity (32). Mechanical insufflation–exsufflation and PEEP–
ZEEP manoeuvres were investigated in smaller and more selected 
populations, without evidence of superiority.
In summary, current evidence suggests that selected ACTs may facilitate 
short-term secretion mobilisation and produce transient physiological effects 
in carefully monitored, clinically stable mechanically ventilated ICU patients. 
However, these findings largely concern surrogate outcomes, and the 
certainty of evidence (assessed using GRADE domains) for clinically relevant 
outcomes remains low or very low. No consistent safety signal emerged, but 
adverse events were not uniformly defined or systematically collected across 
studies. The impact of ACTs on ventilator-associated pneumonia, duration of 
mechanical ventilation, ICU length of stay, weaning success, and mortality 
therefore remains uncertain.
(85). Future trials should distinguish physiological efficacy from clinical 
effectiveness, use standardised intervention protocols, and be adequately 
powered for patient-centred outcomes.
Clinical implications
ACTs should be considered part of multimodal respiratory management in 
invasively ventilated patients with retained secretions, primarily targeting 
short-term physiological optimisation rather than major clinical outcomes. 
Their use should be guided by clear clinical indications, appropriate patient 
selection, and integration with ventilatory and sedation strategies. Close 
collaboration among intensivists, physiotherapists, and nurses is essential to 
ensure safe application and consistency with lung-protective ventilation 
principles.
Implications for future research
Future studies should adopt standardized outcome definitions and include 
clinically relevant endpoints such as ventilator-associated pneumonia, 
duration of mechanical ventilation, and ICU LOS. Adequately powered 
randomized trials are needed to evaluate both individual ACTs and 
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combinations of techniques within structured respiratory care pathways, and 
to identify patient subgroups most likely to benefit from targeted airway 
clearance interventions.
Limitations and strengths
This review has some limitations. The restriction to English-language 
publications may have introduced a potential language bias and limited the 
generalisability of the findings to non-English-speaking settings. The 
predominance of crossover designs with short washout periods further 
complicates interpretation, particularly for outcomes with potential 
carryover effects. These design characteristics also limited the feasibility of 
quantitative synthesis. Several studies were at high or unclear risk of bias, 
further limiting certainty in the observed effects. In addition, many studies 
focused primarily on surrogate physiological endpoints and were 
underpowered to detect differences in clinically meaningful outcomes. 
Inconsistent reporting of illness severity, comorbidities, and tracheostomy 
status further limits comparability across studies. Finally, heterogeneity in 
outcome definitions and reporting required refinement of the outcome 
framework during the review process, and some prespecified outcomes (e.g., 
atelectasis and re-intubation) were either not reported or had limited 
applicability to the final review population.
This review also has important strengths. It provides a comprehensive 
synthesis of the available evidence on airway clearance techniques in 
invasively ventilated adults, integrating data across different techniques and 
ventilatory settings. The systematic approach allows a structured appraisal 
of both physiological and clinical outcomes and highlights the current gaps 
in evidence regarding clinically meaningful endpoints.
Conclusion
In invasively ventilated adult ICU patients, selected ACTs may improve short-
term secretion mobilisation, but the evidence remains heterogeneous largely 
based on surrogate physiological outcomes, and of low or very low certaintly. 
There is currently insufficient evidence to support a consistent effect on 
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patient-centred clinical outcomes. ACTs should therefore be integrated 
within individualised multidisciplinary respiratory care rather than 
considered stand-alone interventions expected to improve ICU outcomes. 
Further well-designed studies are needed to define optimal techniques, 
ventilatory settings, timing, and patient selection.
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Table 1. Characteristics of the included studies.

Study Study 
design

Coun
try

Sam
ple 
size

Age 
(years)

Sex 
(mal

e) 
(%)

Airway clearance 
technique Main outcome

Ahmed 
(2010) RCT India 30 28.4 (7.4)

12 
(40%

)
MHI PaO2/FiO2, 

Cdyn
Amaral 
(2020) RXT Brazi

l 19 61 (34-
64)

13(6
8%) PEEP-ZEEP PEF/PIF

Assmann 
(2016) RXT Brazi

l 50 44.7 
(21.6)

31 
(62%

)
VHI

Weighing the 
sputum
Cdyn
Vte
PIP

Berney 
(2002) RXT Austr

alia 30 45.2 (16-
86) 

17 
(57%

)
MHI

Weighing the 
sputum

Cst
Berney 
(2004) RXT Austr

alia 20 51.3 (23-
82)

18 
(90%

)
MHI + positioning Weighing the 

sputum

Berti (2012) RCT Brazi
l 35 56.6 

(15.6)
13 

(37%
)

MHI ICU LOS
Weaning

Biarzi (2022) RCT Brazi
l 105 62.3 

(17.8)
73 

(70%
)

ERCC Vt

Cardozo 
(2018) RXT Brazi

l 10 48.8 
(23.5)

6 
(60%

)
PEEP-ZEEP

HR, MAP, 
SpO₂, PPeak, 

Pplat, Cst
Chicayban 

(2019) RXT Brazi
l 38 59.4 

(15.3)
18 

(47%
)

VHI Cst
Vt

Choi (2005) RXT Cina 15 60 (16.8)
8 

(53%
)

MHI PIP, VT, Pplat, 
Cst,
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Coutinho 
(2018) RXT Brazi

l 43 51.4 
(21.2)

30 
(70%

)
MI-E Weighing the 

sputum

da Silva 
(2023) RCT Brazi

l 51 67.2 
(14.9)

27 
(53%

)
ERCC Cst

da Silva 
Naue (2011) RCT Brazi

l 66 64.5 
(17.1)

28 
(42%

)
ERCC Weighing the 

sputum
de Camillis 

(2018) RCT Brazi
l 180 72.7 

(16.9)
92(5
1%) MI-E Weighing the 

sputum
De Miranda 

Avena (2008) RCT Brazi
l 16 56.6 

(15.2)
12 

(75%
)

ERCC PIP, Pplat, Rst, 
Cdyn, Cst

De Oliveira 
(2023) RXT Brazi

l 36 70.3 
(10.6)

21 
(58%

)
PEEP-ZEEP

Weighing the 
sputum, VT, 
PPeak, Pplat, 
DP, Cst, Cdyn

Dennis 
(2012) RXT Austr

alia 46 57 (18.9)
33 

(72%
)

MHI + chest wall 
vibration

Weighing the 
sputum

Dias (2011) RXT Brazi
l 20 56 (24)

11 
(55%

)
MHI + ERCC 

HR, MAP, 
SpO2, VT, 
Pplat, Cst, 

Weighing the 
sputum

Genc (2011) RXT Turk
ey 22 59.9 

(17.7)
16 

(73%
)

MHI + ERCC + 
positioning 

Cst, VT,
Weighing the 

sputum, 
PaO2/FiO2

Guimarães 
(2014)

RXT Brazi
l

20 65 (13) 9 
(45%

)

ERCC Weighing the 
sputum

Herbst-
Rodrigues 

(2011)
Prospect

ive
Brazi

l 15 60 (9)
11 

(73%
)

PEEP-ZEEP HR, MAP

Hodgson 
(2000) RXT Austr

alia 18 64.5
13 

(72%
)

MHI + sidelying Cst, Weighing 
the sputum

Jacob (2021) RXT Austr
alia 48 55 (17.3)

29 
(60%

)
MHI + chest wall 

vibration
Weighing the 

sputum

Kohan (2014) RXT Iran 70 51.3 
(15.8)

35 
(50%

)
ERCC PO2/FiO2, 

PaCO2, SpO2

Kubota 
(2024) RXT Japan 48 73 (58–

86)
39 

(81%
)

MI-E
Number of 

ventilator-free 
days on day 28

Kuroiwa 
(2021)

Retrosp
ective Japan 30 56 (10–

87)
21 

(70%
)

MI-E Incidence of 
VAP

Lemes (2009) RXT Brazi
l 30 61 (16)

19 
(63%

)
VHI Weighing the 

sputum

Lobo (2010) RXT Brazi
l 20 63 (20)

6 
(30%

)
PEEP-ZEEP Feasibility of 

technique

Maa (2005) RCT Taiw
an 23 NR

17 
(74%

)
MHI 

Chest 
radiography

Vt
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f/Vt, 
PaO2/FiO2

Airway 
secretions

Martinez 
(2021) RXT Fran

ce 26 61.1 
(19.2)

8 
(31%

)
ERCC + MI-E Weighing the 

sputum

Naue (2014) RXT Brazi
l 34 64.2 

(14.6)
19 

(56%
)

VHI + ERCC
Weighing the 

sputum
Vte

Cdyn

Naue (2019) RCT Brazi
l 93 64.1 

(12.6)
41 

(44%
)

VHI

Weighing the 
sputum, MV 

days, mortality, 
Reintubation 
within 48h

Ntoumenopo
ulos (1998) RCT Austr

alia 46 40.12 
(18.4) NR MHI +postural 

drainage

Incidence of 
nosocomial 
pneumonia
PaO2/FiO2

Ntoumenopo
ulos

(2002)
NCT Austr

alia 60 65.1 
(14.5)

34 
(57%

)
ERCC Prevalence of 

VAP

Nunes (2019) RXT Brazi
l 16 57.6 

(19.1)
6 

(37.5
)

MI-E
Airway 

resistance, 
PPeak, Pplat, 

Cst
Oliveira 
(2019) RXT Brazi

l 10 63 (14)
6 

(60%
)

PEEP-ZEEP PEF/PIF, PEF-
PIF

Pattanshetty 
(2010)

Prospect
ive India 101 49.8 

(19.1)
77 

(76%
)

MHI + chest wall 
vibration

VAP, Mortality, 
weaning, MV 
duration, ICU 

LOS

Ribeiro 
(2019) RXT Brazi

l 30 61.5 
(19.8)

12 
(40%

)
VHI in six 

ventilatory modes

Expiratory flow 
bias

Adverse events
Cst, Rrs

Sánchez-
García (2024) RXT Spain 30 62.9 

(15.4)
20 

(67%
)

MI-E Adverse events

Sánchez-
García (2018)

Case 
series Spain 13 62.6 (20)

7 
(54%

)
MI-E

Safety and 
tolerability of 

MI-E

Santos 
(2009) RXT Brazi

l 12 54.9 
(19.3)

6 
(50%

)
PEEP-ZEEP

PEEP, iPEEP 
controlled 

pressure (CP), 
SpO2, VT, 

PPeak, Pplat
Savian 
(2006) RXT Austr

alia 14 62.3 (23-
83)

9 
(64%

)
MHI

Weighing the 
sputum, PEFR, 
Cst, VCO2, Vt

Thenmozhi 
(2025) RCT India 60 NR

35 
(58.3

%)
ERCC Weighing the 

sputum

Thomas 
(2023)

Prospect
ive

Austr
alia 24 60.5 (48–

68.5)
17 

(71%
)

Low vs High 
PEEP: comparison 
in VCV, PCV, PSV

PIFR/PEFR
PEFR-PIFR
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Unoki (2005) RXT Japan 31 56.7 
(17.6)

24 
(87%

)
ERCC Weighing the 

sputum
Yousefnia-

Darzi (2016) RXT Iran 50 NR NR ERCC Weighing the 
sputum

Note: Data are expressed as mean (SD);  median (IQR) or count and 
percentage (%); (*) mean (range).

Abbreviations: RCT=randomized controlled trials, RXT=randomized 
crossover trials, NCT=non-randomized controlled trial, MHI-VHI = manual 
hyperinflation and ventilator hyperinflation, PEEP-ZEEP = Positive End-
Expiratory Pressure – Zero End-Expiratory, ERCC = Expiratory rib-cage 
compression, MI-E= Mechanical insufflation–exsufflation, MAC= manual 
assisted coughing, PIFR/PEFR = peak inspiratory flow rate and peak 
expiratory flow rates, PEF/PIF= peak expiratory flow/peak inspiratory flow 
(PIF) ratio, PaO2/FiO2= Vt= tidal volume, Ppeak= Peak pressure, Pplat 
=plateau pressure, PIP=Peak inspiratory pressure, Raw =airway resistance, 
VAP=ventilator-associated pneumonia, Cst= Static Compliance, Cdyn= 
Dynamic Compliance; Rrs= Respiratory System Resistance.

Table 2. Characteristics of the participants enrolled in the included studies.

Score Comorbiditie
s Baseline

Study
Type of 

participant
s

Interv
entio
ns/

Comp
ariso

n

Sa
m
pl
e 

siz
e

SA
PS 
II

APA
CH
E II

Charls
on 

Comor
biditie

s 
Index

COP
D

MV 
(da
ys) PCO

2

P
E
F 
L/
m
in

PaO2/
FiO2 Vt

Cdyn
(mL/
cmH

2)

MHI 15 NR NR NR NR NR 34 
(1.8)

N
R

509 
(67.3)

N
R

35.1 
(8.7)Ahmed 

(2010)
Cardiothora
cic surgery VHI 15 NR NR NR NR NR 34.9 

(4.0)
N
R

467 
(56.1)

N
R

33.2 
(7.4)

PEEP-
ZEEP
+MCCAmaral 

(2020)
Mix 

population
PEEP-
ZEEP

19 NR NR NR 0
11 
(2 - 
16)

NR

4
1.
1 
(1
2.
5)

NR

45
8 
(1
01
)

NR

VHI NR NR NR NR NR NR N
R NR

44
8 
(1
05
)

30 
(11.5

)Assmann 
(2016)

Traumatic 
brain 

injury/Other
s suctio

ning

50

NR NR NR NR NR NR N
R NR

49
8 
(6
2)

31.4 
(6.5)

MHI
46.2
(41.5 

– 
50.9)Berney 

(2002)
Trauma/
medical

VHI

20 NR
13.9 
(3.6

)
NR 0 NR NR N

R
289.2 
(97.3)

N
R 44.9

(40.5 
- 

49.3)
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MHI+ 
tilt + 
SL

NR NR NR NR NR NR N
R NR N

R
47.5 
(13.9

)Berney 
(2004)

Mix 
population MHI+ 

SL

20
NR NR NR NR NR NR N

R NR N
R

41.9 
(9.5)

MHI+
ERCC 

+ 
percus

sion

16 NR
15.8 
(4.3

)
NR NR NR NR N

R NR N
R NR

Berti (2012) Mix 
population

suctio
ning 19 NR

17.2 
(7.5

)
NR NR NR NR N

R NR N
R NR

Biarzi 
(2022)

Mix 
population ERCC 10

5 NR
24.3 
(7.5

)
NR 23 

(%)
3.6 
(2.9

)
NR N

R NR

54
0 
(1
14
.4)

39 
(10.3

)

PEEP-
ZEEP NR NR NR NR NR NR 20.7 

(6.2)
Cardozo 
(2018)

Neurologica
l injury MCC

10
NR NR NR NR

3.6 
(3.3

) NR

4
4.
8 
(1
7.
7)

NR

39
9 
(6
6)

20.6 
(5.7)

VHI NR NR

3
2.
0 
(1
6.
0)

N
R

46.2 
(14.8

)
Chicayban 

(2019)
Mix 

population

suctio
ning

38 NR 11 NR
6 

(16
%)

NR NR

3
2.
9 
(1
5.
8)

301.9 
(112.7

)
N
R

46.8 
(12.8

)

MHI+ 
suctio

n
35.2 
(4.9)Choi (2005) Mix 

population suctio
n

15 NR NR NR NR NR NR N
R NR N

R 36.0 
(4.9)

MI-E

Coutinho 
(2018)

Traumatic 
brain injury suctio

ning
43 NR NR NR NR 9.8 

(15) NR N
R NR

52
5.
2 
(9
7.
9)

38 
(11)

ERCC 25 NR NR NR NR
11 

(6.5 
- 

23)

45.6 
(9.6)

N
R NR

38
8 

(0.
7)

NR

da Silva 
(2023)

Mix 
population Contr

ol 
group

26 NR NR NR NR

12 
(7.5 

- 
20.
3)

48.9 
(11.4

)
N
R NR

38
5 

(0.
8)

NR

ERCC 34 26 
(7) NR

7 
(21
%)

8 
(5) NR N

R NR
46
5 
(8
8)

32 
(9)

da Silva 
Naue (2011)

Mix 
population Contr

ol 
group

32

NR
23 
(7) NR

5 
(16
%)

8 
(6) NR N

R NR

52
2 
(1
19
)

36 
(11)

MI-E 90
52.
9 

(13
.3)

NR 2.5 
(1.9)

14 
(15.
5%)

NR NR N
R NR N

R NR
de Camillis 

(2018)
Medical/
surgical 

population Suctio
ning + 
compr
ession 

90
54.
3 

(15
.1)

NR 2.8 
(2.4)

14 
(15.
5%)

NR NR N
R NR N

R NR
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and 
vibrati

on
De Miranda 

Avena 
(2008)

Surgical 
patients ERCC 16 NR NR NR NR NR NR N

R NR N
R

20.4 
(4.0)

PEEP -
ZEEP 

+ 
MCC

29 NR NR NR NR N
R NR

41
0.
7 
(1
1.
7)

30.3 
(3.6)

De Oliveira 
(2023)

Mix 
population

bag 
squee
zing + 
MCC

27

NR

NR NR NR

5.3 
(3.1

)

NR N
R NR

42
5.
2 
(1
1.
9)

26.9 
(1.9)

MHI + 
Chest 
wall 

vibrati
on

37.4 
(6.4)

273 
(85.4)

58
7 
(8
5.
4)

61.3 
(32.1

)
Dennis 
(2012)

Mix 
population VHI + 

Chest 
wall 

vibrati
on

46 NR
18.5 
(5 - 
42)

NR NR
4 

(1-
13)

37.9 
(6.2)

N
R

268 
(6.2)

55
1 
(1
25
)

39.3 
(28.4

)

MHI 
+ERC

CDias (2011) Mix 
population suctio

n

20 NR NR NR NR
6.5 
(4 - 
15.
3)

NR N
R NR N

R NR

MHI + 
ERCC

44.2 
(36.5 

- 
52.4)Genc (2011) Medical/

Surgical MHI + 
positio
ning

22 NR NR NR NR NR NR N
R NR

50
4 
(4
49 
- 

54
0)

46.8 
(40.8

-
62.5)

ERCC 
+ VHI

Guimarães 
(2014)

Pulmonary 
infection Contr

ol 
group

20 NR 19 
(7) NR NR

11.
2 

(4.5
)

NR

4
5.
0 
(1
6.
4)

322 
(74)

N
R

34 
(10)

Herbst-
Rodrigues 

(2011)

Cardiothora
cic   

surgery

PEEP-
ZEEP 
+ERC

C
15 NR NR NR 0 NR NR N

R NR N
R

46 
(11)

MHI + 
SL NR NR NR NR NR 45.1 

(1.7)
N
R

215.8 
(14.8)

36.5 
(3.7)Hodgson 

(2000)
Mix 

population SL
18

NR NR NR NR NR 44.8 
(1.6)

N
R

214.9 
(16.5)

58
5.
5 38.3 

(3.3)

MHI + 
chest 
wall 

vibrati
on

36.5 
(35.1 

- 
37.9)

307.7
(283.5 

- 
331.9)

54
4.
4 
(5
16 
- 

57
2.
4)

55.7
(48 - 
63.4)

Jacob (2021) Mix 
population

VHI+ 
chest 
wall 

vibrati
on

48 NR NR NR NR NR

37.1 
(35.7 

- 
38.5)

N
R

296.2 
(272 - 
320)

53
3.
2 
(5
05
.2 
- 

56

55.6 
(47.9 

- 
63.3)
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1.
1)

Suctio
ning 
with

ERCCKohan 
(2014)

Mix 
population Suctio

ning 
witho

ut 
ERCC

70 NR NR NR NR NR 38.9 
(5.4)

N
R NR

19
8 
(3
9)

NR

MI-E 27 NR
19 
(14 

- 
27)

NR NR 6 (3 
- 9) NR N

R < 200 N
R NR

Kubota 
(2024)

Mix 
population

suctio
ning 21 NR

16 
(13 

- 
23)

NR NR
8 (4 

- 
14)

NR N
R < 200 N

R NR

MI-E 11 NR
23.3 
(8.4

)
NR NR

15 
(7 – 
180

)
NR N

R
198 
(80 – 
517)

N
R NR

Kuroiwa 
(2021)

Medical/Sur
gical/Traum

a
CPT 19 NR 29.9 

(9) NR NR
15 
(8 – 
108

)
NR N

R
185 
(47 – 
503)

N
R NR

VHI 
SL 

Lemes 
(2009)

Mix 
population SL

30 NR
13.7 
(6.2

)
NR NR NR NR N

R
322 

(105)

55
7 
(8
8.
5 - 
75
0)

NR

PEEP-
ZEEP 

+ 
MCC 
(VB)

NR NR NR NR N
R NR N

R NR

Lobo (2010) Mix 
population Bag 

squee
zing + 
MCC 
(VB)

20

NR NR NR

9 
(45
%)

35 
(48)

NR N
R NR N

R NR

MHI+ 
percus
sion + 
positio
ning 

10 NR NR NR
4 

(40
%)

NR NR N
R

222 
(93.9)

19
6.
3 
(8
0.
9)

NR

Maa (2005) Mix 
population

Percus
sion + 
positio
ning 

13 NR NR NR
2 

(15
%)

NR NR N
R

228.6 
(131.8

)

22
8.
6 
(1
31
.8)

NR

Martinez 
(2021)

Mix 
population

ERCC 
+ MI-
E/ERC

C
26 NR

21.1 
(19.
6)

NR NR NR 36 
(5.3)

N
R

243.9 
(53)

N
R NR

ERCC 
+ PS NR NR NR N

R
465 
(88)

N
R

31.9 
(9.2)

Naue (2014) Mix 
population suctio

ning
34

NR

25.5 
(6.6

) NR

7 
(20.
6%)

8.2 
(4.9

) NR N
R

478 
(147)

N
R

34 
(10.3

)

Naue (2019) Mix 
population

HMV+ 
VB 

group
32 NR

23.9 
(6.6

)
NR 10.8

%
5 (1 

- 
16)

NR N
R NR

49
0 
(4
50 
- 

58
0)

36 
(27 - 
46)
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HMV 32 NR
24.9 
(8.6

)
NR 9.4

%
4.5 
(2 - 
30)

NR N
R NR

55
5 
(4
83 
- 

66
4)

36 
(31 - 
54)

VB 
group 29 NR

24.1 
(7.1

)
NR 10.3

%
6 (2 

- 
38)

NR N
R NR

51
2 
(4
67 
- 

61
3)

34 
(29 - 
44)

MHI 22 NR
12.3 
(3.8

)
NR NR

6.1 
(5.4

)
NR N

R
253.2 
(119.2

)
N
R NR

Ntoumenop
oulos (1998)

Mix 
population Contr

ol 
group

24 NR
14.1 
(7.4

)
NR NR

5.2 
(3.5

)
NR N

R
317.9 
(117.8

)
N
R NR

CPT 24 NR
20.7 
(6.9

)Ntoumenop
oulos (2002)

Mix 
population Sham 

treatm
ent

36 NR
18.8 
(5.4

)

NR NR NR NR N
R NR N

R NR

MI-E 
differe

nt 
pressu

res
Nunes 
(2019)

Sepsis/Septi
c 

shock/other
suctio
ning

16

42.
3 

(21
.6
%)

NR NR
4 

(25
%)

NR NR

4
3.
3 
(9
)

279 
(80)

47
3.
1

NR

MCC 
+PEE

P -
ZEEP

NR NR NR NR NR

7
9.
5 
(1
2.
7)

NR NR

Oliveira 
(2019)

Cardiopulm
onary 

arrest/Othe
rs

PEEP- 
ZEEP

10

NR NR NR NR

16 
(7)

NR

7
2.
2 
(1
2.
9)

NR

55
6 
(1
67
)

NR

MHI + 
positio
ning + 
vibrati

on

50 NR NR NR NR
8.7 
(5.6

)
NR N

R NR N
R NR

Pattanshetty 
(2010)

Mix 
population

MHI 51 NR NR NR NR
8.5 
(5.2

)
NR N

R NR N
R NR

Ribeiro 
(2019)

Mix 
population

VHI 
differe

nt 
settin

g

30 NR
24.6 
(7.2

)
NR NR

9.3 
(9.4

)
NR N

R
377 

(104)

49
0 
(9
1)

46.3 
(16.7

)

Sánchez-
García 
(2018)

Medical/Pos
top MI-E 12 NR

23.3 
(7.4

)
NR

1 
(8.3
%)

11.
5  

(6.2 
- 

25.
8)

37.5 
(12.6

)
N
R

239.8 
(96.8)

52
4.
1 
(1
06
.6)

17.7 
(9.5)

Sánchez-
García 
(2024)

Mix 
population MI-E 30 NR

23.3 
(9.0

)
NR

13 
(43.
3%)

19 
(10.
3 - 
37.
5)

42.2 
(6.8)

N
R

244 
(111)

49
0.
5 
(4
36 
- 

53
2)

33.7  
(26.8 

- 
42.6)
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MI-E 
+ HS-

HA
30 NR

21.2 
(6.7

)
NR

12 
(40
%)

19 
(8.7 

- 
40)

42.8 
(6.8)

N
R

253 
(67)

50
0 
(4
71 
-

60
1)

35.7 
(26.7 

- 
45.9)

Suctio
ning 30 NR

22.6 
(8.1

)
NR

13 
(43.
3%)

18.
5 

(2.2 
- 

36)

43.4 
(8.1)

N
R

264.4 
(111.0

)

50
3 
(4
15 
- 

57
5)

37.9 
(23.4 
- 50)

Suctio
ning + 

HS-
HA

30 NR
22.2 
(7.2

)
NR

17 
(56.
7%)

21 
(11.
5 - 
42)

40.2 
(7.1)

N
R

236.7 
(126)

54
9 
(4
84 
- 

63
0)

35.4 
(26.7 

- 
50.1)

PEEP-
ZEEP

56
1 
(3
36 
- 

66
1)

35 
(19 - 
46)

Santos 
(2009)

Acue 
respiratory 

failure

MRC

12 NR NR NR NR
6 

(2-
13)

NR N
R NR 54

7 
(3
80 
- 

70
5)

39.5 
(20 - 
47)

MHI

2
7.
8 
(8
.2
)Savian 

(2006)
Mix 

population

VHI

14 NR
17.5 
(6 - 
30)

NR NR NR NR 3
4.
3 
(6
.6
)

NR N
R NR

ERCC 30 NR NR NR NR NR NR N
R NR N

R NR
Thenmozhi 

(2025)

Respiratory
/

cardiac 
disease

Contr
ol 

group
30 NR NR NR NR NR NR N

R NR N
R NR

VHI 
Low 

PEEP
12 NR

52 
(48 

- 
100)

NR
8 

(5-
12)

NR N
R

243 
(212 - 
363)

N
R

49 
(41-
55)Thomas 

(2023)
Mix 

population VHI 
High 
PEEP

12 NR
62 
(48 

- 
95)

NR
9 

(3-
11)

NR N
R

219 
(163 - 
252)

N
R

52 
(35-
58)

ERCC
Suctio
ning

Unoki 
(2005)

Mix 
population 31

59.
4 

(10
.7)

NR NR NR 19 
(28)

39.3 
(6.4)

N
R

298.8 
(80.1)

N
R

39 
(12.6

)

ERCC NR NR NR NR NR NR N
R NR N

R NRYousefnia-
Darzi (2016)

Mix 
population suctio

ning
50

NR NR NR NR NR NR N
R NR N

R NR

Note: Data are expressed as mean (1 SD), median (IQR), or count and 
percentage (%); (*) information retrieved from the author.
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Abbreviations: APACHE II = Acute Physiology and Chronic Health Evaluation 
II; SAPS II. Simplified Acute Physiology Score II; Charlson index. Charlson 
Comorbidity Index; COPD. chronic obstructive pulmonary disease; MV. 
mechanical ventilation; ICU. intensive care unit; PCO2 (PaCO2). partial 
pressure of carbon dioxide; PEF. peak expiratory flow; PaO2/FiO2. arterial 
oxygen partial pressure to inspired oxygen fraction ratio; Vt. tidal volume; 
Cdyn. dynamic compliance of the respiratory system; MHI. manual 
hyperinflation; VHI. ventilator hyperinflation; PEEP. positive end-expiratory 
pressure; ZEEP. zero end-expiratory pressure; MCC. manual chest 
compression; ERCC. expiratory rib cage compression; MI-E. mechanical 
insufflation-exsufflation; CPT. chest physiotherapy; PS. Pressure support; SL. 
side-lying; HS-HA. hypertonic saline-hyaluronic acid; HMV. hyperinflation 
maneuver; VB. vibrocompression; MRC. manual rib cage compression; NR. 
not reported.

Table 3. Summary of findings table based on narrative synthesis.

Outcome Effect Number of 
participants (studies)

Certainty of 
evidence

Secretion 
celarance

 Several 
studies 
reported 
greater short-
term 
secretion 
clearance 
after the 
intervention

960 (5 RCTs; 17 
crossover trials)

VERY LOW†*‡
⊕OOO

Oxygenation

Some studies 
reported 
short-term 
improvements 
in PaO2/FiO2 
after the 
intervention, 
whereas 
others found 
no clear 
differences

223 (3 RCTs; 5 crossover 
trials)

VERY LOW†*‡
⊕OOO

Respiratory 
mechanics

Most studies 
showed small 
improvements 
immediatly 

804 (3 RCTs; 19 
crossover trials)

VERY LOW†*‡
⊕OOO

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



after the 
intervention

Ventilator-
associated 
pneumonia

Airway 
cleareance 
techniques 
may reduce 
the incidence 
of ventilator-
associated 
pneumonia

147 (2 RCTs)
LOW†‡
⊕⊕OO

Duration of 
mechanical 
ventilaltion

No consistent 
reduction in 
mechanical 
ventilation 
duration was 
observed

288 (3 RCTs; 1 crossover 
trials)

VERY LOW†*‡
⊕OOO

ICU lenght of stay

Some studies 
shorter ICU 
lenght of stay 
in 
intervention 
group and 
others 
reporting 
similar or 
longer staty

397 (4 RCTs; 2 crossover 
trials)

VERY LOW†*‡
⊕OOO

Mortality

One study 
reported a 
large 
reduction in 
ICU mortality 
during the 
intervention, 
whereas the 
orther found 
no difference

194 (2 RCTs)
VERY LOW†*‡
⊕OOO

Adverse events
No major 
adverse 
events were 
reported

453 (1 RCTs; 6 crossover 
trials)

VERY LOW†*‡
⊕OOO
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A single pooled effect estimate was not available for the outcomes, and only 
a narrative synthesis of the evidence was provided.
Symbols used to describe certainty in evidence in evidence profiles: high 
certainty ⊕⊕⊕⊕, moderate certainty ⊕⊕⊕O, low certainty ⊕⊕OO, and very 
low certainty ⊕OOO.
†Serious risk of bias across studies mainly because of unclear or inadequate 
blinding, sequence generation, and allocation concealment.
*Serious concerns about indirectness due to high heterogeneity of the 
populations studied in terms of population, intervention, comparison, 
outcome measures and setting.
‡Serious imprecision and inconsistency were considered together as there 
were small effects, or‘no effects’ reported in studies.
Table 4. Characteristics of studies on Expiratory Rib Cage Compression.

Study Intervention/dosing Description of the 
control group

Narrative synthesis

Biarzi
(2022)

30° in the bed
PCV: PC above the 
PEEP of 14 cm H2O, 
PEEP of 5 cm H2O, 
RR of 15 rpm, and 
inspiratory time of 1.1 
s.

No control group Inspiratory and expiratory 
tidal volumes and dynamic 
compliance increased 
during the manoeuvre but 
returned to baseline after 
10 min.

da Silva 
(2023)

Chest compression–
decompression 
manoeuvre and chest 
block manoeuvre, 
each applied for 5 min 
twice daily.

Usual care No significant differences 
were observed in static 
compliance compared with 
the control group. 

da Silva 
Naue
(2011)

ERCC with chest 
vibrations applied for 
5 min to each 
hemithorax. 
Inspiratory pressure 
support increased by 
10 cmH₂O during the 
manoeuvre.

Standard ventilatory 
management

 No significant difference 
in sputum wet weight 
between groups.

De 
Miranda 
Avena
(2008)

ERCC applied 10 
times with three 
respiratory cycles 
between 
compressions. 
Hyperoxygenation 
performed before 
suctioning.

No control group Airway resistance 
decreased after ERCC and 
suctioning, while airway 
pressures and compliance 
remained unchanged.
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Guimarães
(2014)

Bilateral ERCC 
applied for 5 min 
every 2 breaths 
during expiration. 
Hyperinflation 
manoeuvre 
performed after 
suctioning for 10 min 
with pressure support 
of 35 cmH₂O.

Normal ventilation + 
hyperinflation 
manoeuvre

ERCC significantly 
increased sputum wet 
weight compared with the 
control condition.

Kohan
(2014)

ERCC applied for 5 
min during VCM with 
rib-cage compression 
every two breaths.

Suctioning alone PaO2/FiO2: at 25 min 
ERCC 204.16 ± 40.58 vs 
control 200.13 ± 39.46.

Ntomenop
ulus 
(2005)

Four sets of six cycles 
of expiratory chest 
wall vibrations 
followed by 
suctioning, 
performed twice 
daily.

Sham physiotherapy The intervention 
significantly reduced the 
prevalence of ventilator-
associated pneumonia (OR 
0.14, 95% CI 0.03–0.56) 

Thenmozh
i (2025)

ERCC applied 10 
times per session (5 
per side), repeated 
four times. 
Hyperoxygenation for 
1 min before and after 
suctioning.

Routine care ERCC significantly 
increased airway secretion 
removal immediately and 
15 min after suctioning 
compared with routine 
care.

Unoki
(2005)

ERCC performed for 5 
min during volume-
controlled ventilation 
with rib-cage 
compression every 2 
breaths. No 
hyperoxygenation 
before suctioning.

 Suctioning alone ERCC did not significantly 
modify sputum weight or 
gas exchange parameters 
(PaO₂/FiO₂ and PaCO₂) 
compared with suctioning 
alone.

Yousefnia-
Darzi
(2016)

ERCC applied 10 
times with three 
respiratory cycles 
between 
compressions. 
Patients received 
100% oxygen before 
and after suctioning.

Suctioning alone ERCC significantly 
increased sputum secretion 
removal compared with 
suctioning alone.

Abbreviations: VCM=Volume-Controlled Mechanical ventilation; ERCC = 
Expiratory Rib Cage Compression; PaO₂/FiO₂ = Ratio of arterial oxygen 
partial pressure to inspired oxygen fraction; PaCO₂ = Arterial partial 
pressure of carbon dioxide; SaO₂ = Arterial oxygen saturation; VAP = 
ventilator-associated pneumonia ; Cst = Static pulmonary compliance; Cdyn 
= Dynamic pulmonary compliance; Vt = Tidal volume; iVt = Inspiratory tidal 
volume; eVt = Expiratory tidal volume; PIP= Peak inspiratory pressure; Pplat 
= Plateau pressure; Rpul = Pulmonary resistance; Rsr = Respiratory system 
resistance.
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Table 5. Characteristics of studies on mechanical insufflation–exsufflation

Study Intervention/dos
ing

Description of 
control group

Narrative synthesis

Coutinho 
(2018)

MI-E (Automatic 
mode +40/−40 
cmH2O via EOT) T 
insp 3sec, T esp 
3sec, no Pause
Hyperoxygenation 
(FiO2100%) was 
performed for 1 
min before 
applying each 
technique and a 
20 s interval was 
allowed between 
repetitions.

Endotracheal 
suctioning

MI-E did not significantly modify 
dynamic compliance or pulmonary 
vascular resistance compared with 
suctioning. Hemodynamic 
parameters and oxygen saturation 
remained stable, indicating good 
safety of the technique.
 

de 
Camillis 
(2018)

MI-E +chest 
physiotherapy. 
3 sets of 10 cycles; 
Ti 2 s, Te 3 s, 
pause 2 s; 
pressures 
+40/−40 cmH₂O 
(EOT).

CPT The combination of MI-E with chest 
physiotherapy increased secretion 
removal compared with chest 
physiotherapy alone and was 
associated with improvements in 
static lung compliance. No 
differences were observed in airway 
resistance or work of breathing, and 
no adverse hemodynamic or 
ventilatory events were reported. 

Kubota 
(2024)

MI-E (+40/−40 
cmH₂O); 10 cycles 
via EOT.

Endotracheal 
suctioning

Ventilator-free days by day 28: no 
difference between the MI-E and 
control groups (21 days, IQR, 13–24 
vs 18 days, IQR, 0–23)
MV (days) was 6 (IQR, 3-9) days in 
the MI-E and 8 (IQR, 6-15) in the 
control group.
28-day mortality rate was no 
significantly different between the 
two group.
Tracheostomy rate among surviving 
subjects did not significantly 
difference.
No new cases of hemodynamic 
instability or arrhythmia. No 
adverse events in MI-E group 
(barotrauma, oxygen desaturation, 
pnx, mucus plugging) 

Kuroiwa 
(2021)

MI-E (Automatic 
mode +15 to −40 
cmH₂O) via EOT 
or tracheostomy; 
5–10 cycles.

CPT Incidence of VAP: significantly 
different between the CPT and MI-E 
groups (84.2% [16/19] vs 26.4% 
[3/11]).
Antibiotic exposure: the duration of 
antibiotic use days/MV
was significantly lower in the MI-E 
group than in the CPT group.
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Martinez 
(2021)

MI-E + ERCC. 
Automatic mode 
+40/−40 cmH₂O; 
Ti 2 s, Te 3 s, 
pause 1 s; 4 series 
of 5 cycles.

ERCC alone The addition of MI-E to ERCC 
significantly increased secretion 
clearance compared with ERCC 
alone. Respiratory compliance 
improved in both groups but to a 
greater extent in the combined MI-
E intervention.

Nunes 
(2019)

The protocols 
were: 
a) 30S – MI-E with 
I/E pressures of 
−30/+30 cmH2O 
followed by 
endotracheal 
suctioning;
b) 50S – MI-E with 
I/E pressures of 
−50/+50 cmH2O 
followed by 
endotracheal 
suctioning;
and 
c) isolated 
endotracheal 
suctioning. 

Different settings Higher MI-E pressures (−50/+50 
cmH₂O) were associated with 
greater secretion clearance and 
improvements in lung compliance, 
whereas lower pressures showed 
limited physiological effects. Airway 
resistance decreased significantly 
only with the higher pressure 
protocol.

Sánchez-
García 
(2018)

MI-E (50/−45 
cmH₂O) 
via EOT or 
tracheostomy; 2 
cycles.

No control group MI-E was well tolerated, with no 
clinically relevant adverse events or 
need for treatment escalation. 
Hemodynamic and respiratory 
stability was maintained throughout 
the intervention.

Sánchez-
García 
(2024)

a) MI-E 
(+50/-50 cmH2O)
b) MI-E 
(+50/-50 cmH2O) 
+HS-HA

1)Suctioning
2)Suctioning after
HS-HA

MI-E was not associated with 
significant changes in respiratory or 
hemodynamic parameters 
compared with suctioning 
strategies. The incidence of adverse 
events 30/120 (25%) was similar 
across groups and no radiological 
complications were observed.
Follow up chest radiographs did not 
show complications
Hemodynamic and respiratory 
parameters: no significant 
differences at baseline, or at the 5-
minute and 60-minute evaluations 
across the four groups.
MI-E avoids pain and agitation. 

Abbreviations: MI-E = mechanical insufflation–exsufflation; CPT= Chest 
physiotherapy; MV= mechanical ventilation; VAP=Ventilator-associated 
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pneumonia; EOT= Endotracheal tube; HS-HA= Hypertonic saline with 
hyaluronic acid; ERCC=expiratory rib chest compression.

Table 6. Characteristics of studies on Positive End-Expiratory - Zero End-
Expiratory Pressure.

Study Intervention/dosi
ng

Description 
of the 

control 
group

Narrative synthesis

Amaral 
(2020)

PEEP-ZEEP in VCV
PEEP-ZEEP in PCV

PEEP increased 
to 15 cmH₂O for 5 
respiratory cycles, 
followed by rapid 
reduction to 0 
cmH₂O (ZEEP). PIP 
target 30–35 
cmH₂O 
(max 40 cmH₂O), Ti 
1.5 s. Total 10 
cycles

MCC Expiratory flow bias increased in VCV 
compared with PCV. 
PEF–PIF difference and PEF/PIF 
ratio were significantly higher in 
VCV, both with and without MCC.

Cardozo 
(2018)

Supine 
position, head 
elevated 30°. 
PEEP increased 
to 15 cmH₂O for 5 
cycles, then 
reduced to 0 
cmH₂O. 
Maneuver 
duration 10 min.

MCC Static and dynamic compliance 
improved after the maneuver. No 
significant changes in SBP, DBP, 
SpO₂ or airway resistance.

de 
Oliveira 
(2023)

PEEP-ZEEP + MCC

Patients in supine 
position, head 
elevated 30°. PEEP 
increased to 15 
cmH₂O for 5 cycles, 
then reduced to 0 
cmH₂Owith MCC. 
Maneuver repeated 
for 10 min with 2-
cycle rest intervals.
Different 
ventilatory mode 
(PCV, VCV, PSV, 
IPPV)

Maneuver repeated 
for 10 min with 2-
cycle rest intervals.

Bag-
squeezing + 
MCC

Small increases in MAP, DBP and 
RR in both groups. PIP 
decreased and dynamic compliance 
improved after intervention. No 
difference in aspirated secretion 
weight.
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dos 
Santos 
(2009)

PEEP increased 
to 15 cmH₂O, then 
reduced to 0 
cmH₂O, repeated 
cycles for 10 min.

MCC No significant changes in Vt, 
compliance or SpO₂ between 
techniques.

Herbst-
Rodrigue
s (2011)

PEEP increased 
to 15 cmH₂O for 5 
cycles, followed by 
reduction to 0 
cmH₂O, combined 
with MCC.

No CG No significant changes in MAP, HR or 
SpO₂ 

Lobo 
(2010)

PEEP–ZEEP 
maneuver 
combined 
with manual 
hyperinflation and 
vibrocompression i
n dorsal decubitus.

Bag-
squeezing 
+ MCC 
(vibrocompre
ssio)

No significant changes 
in hemodynamic variables or 
secretion volume.

Oliveira 
(2019)

PEEP–ZEEP 
maneuver 
in volume assist-
control ventilation. 
PEEP increased 
to 15 cmH₂O for 5 
cycles, then 
reduced to 0 
cmH₂O. PIP 30–35 
cmH₂O, Ti 1–1.5 s. 
Two maneuvers per 
step (10 cycles).

PEEP-ZEEP vs 
PEEP-ZEEP + 
MCC 
performed 
by RT1, RT2, 
RT3

PEF/PIF ratio significantly increased 
during ZEEP and further increased 
when MCC was applied. Similar 
results regardless of therapist.

Note: Data are expressed as mean (1 SD) or count and percentage (%); (*) 
information retrieved from the author.

Abbreviations: MCC = Manual Chest Compression; PEEP = Positive End-
Expiratory Pressure; ZEEP = Zero End-Expiratory Pressure; VCV = Volume-
Controlled Ventilation; PCV = Pressure-Controlled mode Ventilation; PIP = 
Peak Inspiratory Pressure; Ti = inspiratory Time; PEF = Peak Expiratory 
Flow; PIF = Peak Inspiratory Flow; RT1 = first respiratory therapist; RT2 = 
second respiratory therapist; RT3 = third respiratory therapist; VACV = 
Volume Assist-Control Ventilation; PSV = Pressure Support Ventilation; IPPV 
= Intermittent Positive Pressure Ventilation; CG = Control Group; IG = 
Intervention Group; Cdyn = dynamic pulmonary Compliance; MAP = Mean 
Arterial Pressure; HR = Heart Rate; SpO2 = peripheral Oxygen Saturation; 
SBP = Systolic Blood Pressure; DBP = Diastolic Blood Pressure; Cst = static 
pulmonary Compliance; Rrs = Respiratory system resistance; Vt = tidal 
Volume; RR = Respiratory Rate.

Table 7. Characteristics of studies on manual hyperinflation and ventilator 
hyperinflation.
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Study Intervention/dosi
ng

Description 
of the 
control 
group

Narrative synthesis

Ahmed
(2020)

MHI VHI PaO₂/FiO₂ improved after MHI 
at 1 and 20 min. PaO₂/FiO₂ 
increased after VHI only at 1 
min; Cdyn increased after VHI 
at 1 min.

Assman
(2016)

VHI + suctioning Suctioning Sputum wet weight increased 
with VHI compared with control 
(6.4 g vs 3.9 g). Cdyn improved to 
a greater extent with VHI (Δ −2.9 
vs −1.3 cmH₂O). Vte increased 
following VHI (Δ −54.1 vs −0.7 
mL). Peak inspiratory pressure 
decreased after VHI 
(Δ 2.5 vs 0.2 cmH₂O).

Berney 
(2002)

MHI + suctioning VHI + 
suctioning

No difference in sputum wet 
weight between MHI and VHI.
Cst increased with both MHI 
(+11.5% immediate) and VHI 
(+11.6% at 30 min).

Berney 
(2004)

MHI + Head-down 
tilt position 35°–
45° + suctioning

MHI + Flat 
side-lying 
position + 
suctioning

PEFR increased in the 
intervention group.
Sputum wet weight increased 
after treatment in both groups, 
with a greater increase in the 
intervention group. 

Berti 
(2012)

MHI + ERCC + 
percussion in syde-
lying

Standard care 
(positioning, 
suctioning, 
brief manual 
ventilation)

Successful weaning rates were 
higher in the MHI group 
compared with standard care 
(37.5%vs15.9%).
ICU discharge rates were also 
higher in the MHI group (31% vs 
0%).

Chycaiba
n (2019)

VHI + suctioning Positioning + 
suctioning

Cst increased after VHI.
Vt markedly increased with VHI 
(+118%), with a further increase 
after inspiratory time adjustment 
(+145%).

Choi 
(2005)

MHI + suctioning Suctioning Cst increased after MHI (22%).
Raw decreased at 30 min (21%).

Dennis 
(2012)

MHI + chest wall 
vibration + 
suctioning

VHI + chest 
wall + 
vibration + 
suctioning

Sputum wet weight: no 
difference MHI vs VHI.

Dias 
(2011)

MHI + ERCC + 
positioning + 
suctioning

Suctioning No difference in sputum wet 
weight between groups (5.95 g vs 
6.60 g).
No differences were observed in 
Vt, plateau pressure, or Cst.
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Genc 
(2011)

MHI + ERCC + 
positioning + 
suctioning

MHI + 
positioning + 
suctioning

Cst and Vt increased in both 
groups (transiently at 5 minutes 
for Vt), with no between-group 
differences. No differences were 
observed in gas exchange 
(PaO₂/FiO₂, PaCO₂) or sputum 
wet weight between groups.

Hodgson 
(2000)

MHI + side-lying + 
suctioning

Side-lying 
positioning + 
suctioning

Cst and sputum wet weight 
increased following MHI, with 
greater secretion clearance 
compared with control (5.5 g vs 
3.5 g).

Jacob 
(2021)

MHI + chest wall 
vibration+ 
suctioning

VHI + chest 
wall 
vibration+ 
suctioning

VHI resulted in greater sputum 
clearance compared with MHI 
(2.84 g vs 1.50 g).

Lemes 
(2009)

VHI + suctioning Side-lying 
position + 
suctioning 

VHI increased sputum clearance 
compared with sidelying alone 
(mean difference 1.3 mL, 95% CI 
0.5–2.2)

Maa 
(2005)

MHI + suctioning Standard care 
(positioning, 
percussion, 
suctioning)

MHI was associated with greater 
radiographic improvement (OR 
16.56) and increased Vt. A trend 
toward improvement was 
observed in f/VT and PaO₂/FiO₂, 
with no difference in airway 
secretions.

Naue 
(2014)

Increasing PS + 
ERCC + suctioning

Suctioning Increasing PS + ERCC 
significantly increased sputum 
clearance, Vte, and Cdyn 
compared with control

Naue 
(2019)

Between- and 
within-intervention 
comparisons of 
VHI, 
vibrocompression, 
and combined VHI 
+ 
vibrocompression

Suctioning Combined VHI and 
vibrocompression resulted in 
greater sputum clearance 
compared with aspiration alone 
(0.7 g vs 0.2 g), with no overall 
differences between techniques. 
No differences were observed in 
duration of mechanical 
ventilation or mortality; lower 
reintubation rates within 48 
hours were reported with 
vibrocompression-based 
approaches.

Ntomeno
pulus 
(1998)

MHI + postural 
drainage  + 
suctioning

Standard care 
(positioning, 
suctioning, 
musculoskelet
al 
physiotherapy
)

A trend toward higher VAP 
incidence was observed in the 
control group, particularly in 
patients with greater severity 
(APACHE II >15) or prolonged 
mechanical ventilation (>7days).
No differences were found in gas 
exchange, duration of MV, ICU 
length of stay, or ICU mortality.

Pattanshe
tty (2010)

MHI + suctioning + 
chest wall vibration 

MHI + 
suctioning

Intervention group showed a 
greater reduction in CPIS score 
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+ positioning + 
suctioning

(−3.4 vs −1.9), lower mortality 
(24% vs 49%), and higher 
successful weaning rates (62% vs 
31.4%) compared with control. 
No differences were observed in 
duration of mechanical 
ventilation or ICU length of stay.

Ribeiro 
(2019)

VHI in six 
ventilatory modes: 
VC-CMV20, VC-
CMV50, PC-CMV1, 
PC-CMV3, PSV10, 
PSV25.

Expiratory flow bias and lung 
expansion were achieved in all 
VHI modes; overall effectiveness 
increased in VC-CMV20, PSV 10, 
and PSV 25.

Savian 
(2006)

VHI + suctioning MHI + 
suctioning

Cst increased after VHI only at 30 
min +5.5 mL/cmH₂O. PEFR 
increased MHI 34.3 ± 6.6 L/min 
vs VHI 27.8 ± 8.2 L/min. 
VCO₂ increased MHI Δ+48 
mL/min (during), +66 mL/min 
(post), Vt increased VHI +105 
mL.

Thomas 
2022

VHI with low vs 
high
PEEP: comparison 
in VCV, PCV, PSV 

VCV-based VHI protocols 
achieved expiratory flow-bias 
criteria more consistently than 
PCV or PSV (PIFR/PEFR ≤ 0.9; 
PEFR–PIFR ≥ 33 L/min; PEFR ≥ 
40 L/min)

Note: Data are expressed as mean (1 SD) or count and percentage (%); (*) 
information retrieved from the author.

Abbreviations: MHI = manual hyperinflation; VHI = ventilator hyperinflation; 
PaO₂/FiO₂ = arterial oxygen partial pressure to inspired oxygen fraction ratio; 
Cdyn = dynamic pulmonary compliance; Vte = expiratory tidal volume; Cst = 
static pulmonary compliance; Vt = tidal volume; Raw = airway resistance; 
PaCO₂ = arterial carbon dioxide partial pressure; PS = pressure support; 
CPIS = Clinical Pulmonary Infection Score; OR = odds ratio; f/Vt = rapid 
shallow breathing index; APACHE II = Acute Physiology and Chronic Health 
Evaluation II; MV = mechanical ventilation; ICU = intensive care unit; VAP 
= ventilator-associated pneumonia; VCV = Volume-Controlled Ventilation; 
PCV = Pressure-Controlled Ventilation; PSV = Pressure Support Ventilation; 
PEEP = Positive End-Expiratory Pressure; PEFR = Peak Expiratory Flow 
Rate; PIFR = Peak Inspiratory Flow Rate; VCO₂ = carbon dioxide production.

Figure 1. PRISMA flow diagram.
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Figure 2. Graphical summary of the main findings from the different airway 
clearance techniques.
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