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Impaired respiratory function secondary to acute or chronic respiratory disease poses a signi¯cant clinical and
healthcare burden. Intrapulmonary percussive ventilation (IPV) is used in various clinical settings to treat
excessive airway secretions, pulmonary atelectasis, and impaired gas exchange. Despite IPV's wide use, there
is a lack of clinical guidance on IPV application which may lead to inconsistency in clinical practice. This
scoping review aimed to summarise the clinical application methods and dosage of IPV used by clinicians and
researchers to provide guidance. A two-staged systematic search was conducted to retrieve studies that used
IPV in inpatient and outpatient settings. MEDLINE, EMBASE, CINAHL, Scopus, and Google scholar were
searched from January 1979 till 2022. Studies with patients aged �16 years and published in any language
were included. Two reviewers independently screened the title and abstract, reviewed full text articles,
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and extracted data. Search yielded 514 studies. After removing duplicates and irrelevant studies, 25 studies
with 905 participants met the inclusion criteria. This is the ¯rst scoping review to summarise IPV application
methods and dosages from the available studies in intensive care unit (ICU), acute inpatient (non-ICU), and
outpatient settings. Some variations in clinical applications and prescribed dosages of IPV were noted.
Despite variations, common trends in clinical application and prescription of IPV dosages were observed and
summarised to assist clinicians with IPV intervention. Although an evidence-based clinical guideline could
not be provided, this review provides detailed information on IPV application and dosages in order to provide
clinical guidance and lays a foundation towards developing a clinical practice guideline in the future.

Keywords: Airway clearance; intrapulmonary percussive ventilation; IPV; percussive ventilation.

Introduction

Impaired respiratory function secondary to acute
or chronic underlying respiratory disease poses a
signi¯cant clinical and healthcare burden.1,2

Patients with impaired respiratory function often
require hospital admission, and patients with sta-
ble respiratory conditions continue to require
interventions in outpatient settings. Further, the
incidence of pulmonary complications such as
pulmonary atelectasis, pneumonia, and respiratory
failure are common in hospitalised patients and are
associated with increased morbidity and mortali-
ty.3–5 In addition to medical management, multi-
modal respiratory physiotherapy interventions
have been used to treat patients with these pul-
monary complications.6–8 These multimodal
respiratory physiotherapy interventions aim to
promote airway clearance and increase alveolar
recruitment, thereby improving ventilation and
gas exchange.9,10

Intrapulmonary percussive ventilation (IPV) is
an intervention used by physiotherapists as an
adjunct or as an alternate respiratory physiother-
apy treatment. IPV has been used in various clin-
ical settings in patients with various pulmonary
conditions to promote airway clearance, treat or
prevent pulmonary atelectasis, improve gas
exchange and/or respiratory failure.11–15 IPV is
provided via a pneumatic device that delivers high-
frequency sub-physiological tidal breaths that are
superimposed on a patient's or the mechanical
ventilator's breathing cycle.12,16 The proposed
mechanisms of action of IPV are that the high-
frequency breaths cause mucolysis17,18 and the
asymmetrical (higher peak expiratory °ow) wave
°ow pattern propels the mucus towards the prox-
imal airways.19–21 Furthermore, the positive pres-
sure breaths increase alveolar recruitment.11,22

IPV has been used in ICU, acute inpatient
(non-ICU), and outpatient settings for several
decades in various pulmonary conditions such as
COPD,13 post-thoracic and abdominal surgery,23

bronchiectasis,24 cystic ¯brosis,25 neuromuscular
conditions,16 and inhalation injuries.26 Despite its
wide use, there is a lack of evidence-based guide-
lines for clinicians in the use of IPV. Recent sys-
tematic reviews have reported some inconsistencies
in the methods of application and dosage of IPV,
such as patient–machine interface, airway pres-
sure, frequency, duration, and patient positioning
during IPV treatment.27,28 This scoping review
aims to summarise the application methods and
dosages of IPV used by clinicians and researchers
in order to provide guidance in the use of IPV.

Methods

The review protocol was registered in open science
framework (doi.org/10.17605/OSF.IO/SEFN5).
Recommendations from the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR)
were followed.29

Search strategy

A two-staged literature search was conducted to
identify all the studies that met the search criteria.
The ¯rst stage included a search on MEDLINE
(via Ovid), EMBASE (via Ovid), CINAHL, Scopus
and Google Scholar from January 1979 (when IPV
was ¯rst introduced) to 2022. The second stage
search included a supplemental approach by
searching the reference list of the relevant studies.
The databases were searched using keywords and
search terms for IPV, relevant clinical conditions,
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and clinical settings. The details of the search
strategy are presented in Table S1.

Inclusion criteria

Study type

Studies considered for this scoping review
included experimental designs such as randomised
controlled trials (RCT), quasi-randomised trials,
randomised cross-over studies, comparative stud-
ies, experimental studies which used random allo-
cation, prospective or retrospective cohort studies,
case-control studies, and case studies. Studies
published in all languages between 1979 and
January 2022 were considered for review. Study
abstracts, conference proceedings with incomplete
data and descriptions of IPV intervention were
excluded.

Types of participants

Studies included stable or acutely ill adults aged
�16 who received invasive mechanical ventilation
via an endotracheal or tracheostomy tube, treated
with non-invasive mechanical ventilation, sponta-
neously breathing, and presenting with acute or
acute-on-chronic respiratory impairment were
considered. Studies on human subjects only were
included in this review.

Types of interventions

All the studies that used IPV,percussiveventilation,
and high-frequency oscillation, where these inter-
ventions were mainly used for therapeutic purposes,
were included. We included studies using any pneu-
matic devices delivering oscillating or high-frequency
bursts of air into the airways/lungs, synonymous
with IPV therapy. This included Percussionatorr,
IPV-1r, IPV-2r, Percussionairer, Impulsatorr,
MetaNebr or IMP2r system. The studies which
used these interventions for continuous mechanical
ventilation were excluded.

Settings

Studies that used IPV intervention in acute care,
such as inpatient (non-ICU) and ICU settings and
studies in outpatient settings, such as hospital-
based outpatients or community-based healthcare
settings, were included.

Study selection and data extraction

Covidencer software was used for study screening
and data extraction. After removing duplicate
studies, the remaining studies were screened inde-
pendently by two authors (AH and ST) by
reviewing the study titles and abstracts, followed
by data extraction of the included studies. In case
of disagreement with study inclusion/exclusion
and data extraction, a third reviewer (SO) was
consulted to reach a consensus. Authors of eligible
studies with incomplete or unavailable data or
where clari¯cation of data was needed were con-
tacted by email for further details and clari¯ca-
tions; if no response was obtained, the study was
excluded.

Data extraction and management

Data were extracted from the included studies that
met the inclusion criteria. Data charting included
study design, clinical setting, IPV application
(indications, contraindications, device set-up, in-
terface, and patient position), and IPV dosage
(IPV frequency, applied pressure, I: E ratio,
treatment duration, and treatment frequency),
and outcome measures used by the studies
(Table 1).

Results

A total of 514 studies were obtained from the da-
tabase search, of which 190 were duplicates. After
screening 324 remaining articles, 269 irrelevant
studies were removed. A full-text article review was
conducted on 55 studies, where 30 studies were
excluded with reasons (Fig. 1). The remaining 25
studies with 905 patients met the review criteria
for data extraction (Fig. 1).

Study characteristics

Among 25 included studies, 14 were conducted in
critical care settings, ¯ve in the acute inpatient
(non-ICU) setting, and the remaining six in out-
patient settings (Table 1). There were ¯ve RCTs,
seven randomised cross-over studies, and two non-
RCT experimental studies. The remaining studies
were observational studies, quasi-experimental
trials, and case reports (Table 1).
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Patient characteristics

In the included studies, patients' age ranged from
17 years to 95 years, with approximately 40%
females. Three studies did not report patients' sex.
Common clinical conditions included COPD, pul-
monary atelectasis, post-abdominal and thoracic
surgeries, sepsis, pneumonia, pulmonary consoli-
dation, cystic ¯brosis, bronchiectasis, burns (in-
halation injury), and Duchenne muscular
dystrophy (DMD). Acutely ill patients in the
studies were either admitted to the ward (non-
ICU) or ICU (spontaneously breathing or me-
chanically ventilated). In contrast, studies in
outpatient settings included clinically stable
patients mostly with hypersecretory airway dis-
eases. Acute exacerbation of COPD and pulmonary
atelectasis (secondary to surgery, inhalation injury,
and mechanical ventilation) were the most treated
conditions in acute inpatients (non-ICU) and ICU,
whereas patients with stable cystic ¯brosis and
bronchiectasis were treated in outpatient settings.

IPV application

Indications: The indications for IPV use in the
studies were poor gas exchange, retained airway
secretions, pulmonary atelectasis, and impaired
lung function. Studies in acute inpatient (non-ICU)
and ICU used IPV to promote airway clearance,

improve gas exchange, and/or recruit atelectatic
lung regions. In outpatient settings, patients re-
ceived IPV mainly to aid airway clearance.

Contraindications: Contraindications to IPV
treatment cited in the included studies were
pneumothorax, hemodynamic instability (systolic
blood pressure �80mm Hg, severe cardiac ar-
rhythmia, acute myocardial infarction), fractured
ribs, pneumonectomy, esophagectomy, hemopty-
sis, pulmonary haemorrhage, gastro-intestinal
bleed, facial injuries, uncooperative patient, and
patients with a Glasgow coma scale �8. Additional
contraindications and precautions to positive
pressure therapy should also be considered prior to
IPV application.

IPV device: The IPV device used by the studies
were Percussionatorr, IPV-1r, Percussionairer,
MetaNebr, and IMP2r system. A nebuliser was
inbuilt into all the IPV devices for aerosolisation.
Normal saline (0.9% NaCl) was used in 11 studies.
In contrast, only one study used hypertonic saline
(3% NaCl) in patients with stable COPD,30 and six
studies used bronchodilators with or without nor-
mal saline (0.9% NaCl). One study used mucoly-
tics,31 whereas another study in ICU used sterile
water for nebulisation.32

The studies used various types of interfaces to
deliver IPV. The face mask was the most used

Fig. 1. PRISMA °ow chart.
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interface, followed by the mouthpiece (Table 1).
For tracheostomised patients, a tracheostomy tube
connector was used,16,33,34 whereas, for patients
with endotracheal tubes, IPV was connected to the
inspiratory limb of the mechanical ventilator cir-
cuit.12,23,35 In most studies, IPV was delivered by
physiotherapists and respiratory therapists, except
for two studies where IPV was delivered by nurse
specialists31 and medical professionals.36

Patient position

Patient position during IPV was reported by 11
out of 25 studies.12,14–17,24,30,37–40 In studies
that described patient position, seven studies,
mostly in outpatient settings, positioned patients
in an upright sitting position for airway clear-
ance,15–17,24,30,37,40 while the remaining studies
from ICU used a 45� long-sitting position,14,38

side-lying39 or supine position12 (Table 1).

IPV treatment dosage

IPV dosages, such as the frequency of IPV, airway
pressure, inspiratory to expiratory ratio (I:E ratio),
treatment duration, and the length of IPV treat-
ment (in days), varied among the included studies.
The components of the dose are summarised below.

IPV frequency: A total of 19 studies reported on
IPV frequency cycle (Table 1). Most studies, es-
pecially from ICU, used a frequency range of 200–
300 cycles per minute (cpm) mainly for airway
clearance and/or to treat pulmonary atelectasis
and improve gas exchange (Tables 1 and 2). Some
variations in IPV frequency cycles were observed
where one study used 400 cpm to reduce bacterial
colonisation and improve lung function in hospi-
talised (non-ICU) CF patients,41 and another case
study in an outpatient setting used a lower fre-
quency (100 cpm) to treat loculated pneu-
mothoraces31 (Table 1).

IPV pressure: Studies also reported the pressure
applied during the IPV intervention; however, out
of 25 studies, only 12 studies reported applied
pressure, of which seven were ICU-based studies,
three were conducted in the outpatient setting, and
only two were from inpatient (non-ICU) settings
(Table 1). Some variations were noted in three
studies from ICU where the lowest pressure applied
was 6 cm H2O to treat patients with inhalation

injury to reverse atelectasis and aid airway clear-
ance,42 whereas two ICU-based studies, one in-
cluding patients with COPD and the other in
tracheostomised patients with hypersecretory
lungs, used airway pressure of up to 40 cm H2O to
treat atelectasis, improve gas exchange, and pre-
vent the incidence of pneumonia.13,34 The most
common range of airway pressure reported in ICU
ranged between 10 cm H2O and 20 cm H2O to
promote airway clearance, improve gas exchange,
and treat atelectasis, whereas, in studies in
the outpatient setting, IPV pressure ranged from
10–30 cm H2O mainly for airway clearance
(Table 2).14,23,25,26,31,38,39,43

I:E ratio: I:E ratio was underreported as only four
studies mentioned the I:E ratio, out of which three
studies used a 1:2.5 ratio to treat critically ill
patients with respiratory failure secondary to
COPD14,36,38 and one study used 1:1.2 ratio in
tracheostomised patients with increased airway
secretions.34

Duration: Twenty-two studies reported the dura-
tion of IPV sessions (Table 1). A study in DMD
patients delivered IPV for 5min in a single session to
promote airway clearance.16 In contrast, six studies
used IPV for 30min to facilitate airway clearance in
patients with COPD,13,14,38 bronchiectasis,24 cystic
¯brosis,41 and smoke inhalation injury42 in ICU,
inpatient (non-ICU) and outpatient settings. In the
remaining studies, the duration of IPV varied be-
tween 10 and 25min. Overall, the duration ranged
from 10 to 20min in ICU, 15–20min in inpatient
(non-ICU) and 15–20min in outpatient settings
were the most common (Tables 1 and 2).

Session frequency: Treatment frequency was
reported by 22 studies. Treatment frequency var-
ied between the studies from once every second day
in patients with chronic loculated pneumothorax in
an outpatient setting31 to 2nd hourly in two studies
in patients with inhalation injury to promote air-
way clearance and treat atelectasis.26,44 Eight
studies in ICU and inpatient (non-ICU) used IPV
twice a day to improve gas exchange, aid airway
clearance, reverse pulmonary atelectasis and pre-
vent incidence of pneumonia, and seven studies
mainly in outpatient settings used IPV once a day
for airway clearance (Table 1). Two studies, one
with a large sample size including 419 post-opera-
tive patients in ICU23 and another case report in-
cluding two acutely ill patients with
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neuromuscular disease,43 applied IPV intervention
up to 4–6 times a day (Table 1).

Treatment length (days): The length of IPV
application (in days) ranged from one day in single-
intervention studies36,38 to up to 22 days of IPV
intervention in an outpatient setting.31 Another
ICU-based study applied IPV until discharged
from ICU.32 The treatment length between 2–5
days was the most common among studies in in-
patient (non-ICU) and ICU settings (Tables 1
and 2).13,16,23,24,26,35,37,39,43,44

Measurements used to evaluate
outcomes

The commonly reported outcomes included change
in oxygenation and carbon dioxide (CO2) levels,
airway clearance, resolution of pulmonary atelec-
tasis, resolution of pulmonary consolidation,
reduced postoperative pulmonary complications,
respiratory rate, ICU length of stay (ICU-LOS),
and hospital length of stay (LOS) (Table 1).

Airway clearance

Twelve studies used IPV for airway clearance
in ICU, inpatient (non-ICU) and outpatient
settings (Table 1)14–16,24–26,30,37,38,40,44,45 only six
studies measured sputum weight (wet or
dry).16,24,25,37,38,40

Resolution of pulmonary atelectasis

Changes in pulmonary atelectasis were assessed
and reported by eight studies, seven from
ICU12,26,33–35,39,44 and one from an inpatient (non-
ICU) setting.43 Chest radiographs were used for
assessment by six studies; one used a radiological
atelectasis score,39 and another used CT scans.12

Oxygenation

Change in oxygenation was measured by the par-
tial pressure of arterial oxygen (PaO2), a satura-
tion of peripheral oxygen (SpO2), a ratio of PaO2,
and a fraction of inspired oxygen (P/F ratio).
Eighteen studies measured oxygenation, of which
11 were conducted in ICU,12–14,16,26,32–34,36,38,39

four in outpatient settings24,25,31,37 and the
remaining three in the inpatient (non-ICU)
setting.17,43,45

CO2 elimination

Eight studies, all based in ICU, reported
CO2 elimination.12–14,16,32,34,36,38 Three studies
included patients with an acute exacerbation
of COPD.13,14,38 The remaining ¯ve studies in-
cluded patients with hypersecretory airways, sep-
sis, hypoxemic respiratory failure, pulmonary
atelectasis, DMD and patients at risk of
reintubation.12,16,32,34,36

Pneumonia

Five studies assessed pneumonia incidence, of
which four studies were conducted in ICU set-
tings13,23,34,35 and one in an inpatient (non-ICU)
setting.43

Respiratory rate

Change in respiratory rate was assessed and
reported by nine studies in acute setting. Of which,
¯ve studies were conducted in ICU13,14,32,36,38 and
remaining four in an inpatient (non-ICU)
setting.16,17,24,30

Length of stay

A total of eight studies measured the LOS. ICU-
LOS was reported by ¯ve studies.13,23,32,35,39 Three
studies measured hospital LOS.14,23,43

Adverse events

Only two studies reported minor events. An ICU-
based study reported two episodes of tachycardia
(HR > 150) and one episode of a drop in
SpO2 < 90%.39 Another study, including 22 hos-
pitalised patients with bronchiectasis, reported
nausea, dry throat, and fatigue in 27% of patients
during IPV and CPT intervention. The authors
stated that the adverse events were too minor to
warrant discontinuation of treatment.24

Discussion

This is the ¯rst scoping review to summarise clin-
ical application methods and dosages of IPV
interventions in various clinical settings which en-
abled the provision of clinical guidance. The ¯nd-
ings of this review addressed the existing gap in
the current clinical practice to aid clinicians'
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knowledge of IPV prescription and application.
Due to the broader clinical use of IPV in various
clinical scenarios, heterogeneities in the clinical
application of IPV were noted. Two recently pub-
lished systematic reviews also reported some var-
iations in IPV applications.27,28 In our review,
despite some variations in clinical practice, com-
mon IPV applications and dosages were observed,
which are summarised in order to assist clinicians
in IPV prescription and application.

Airway clearance is one of the main indications
of IPV. The shearing force from the high-frequency
IPV breaths is theorised to alter sputum rheology
by reducing viscosity,14,46,47 and the larger expi-
ratory °ow waves propel secretions proximal-
ly.19,21,48 In addition, sustained positive pressure
during the inspiratory and expiratory cycle
increases collateral ventilation and promotes air-
way clearance.49,50 In this review, the included
studies showed variations in the use of IPV cycle
frequency and pressures. An experimental study in
normal subjects showed that the application of
high-frequency breaths (500 cpm) led to increased
airway clearance.51 Similar ¯ndings were reported
by another study where an IPV frequency of
400 cpm was more e®ective in reducing bacterial
colonisation and improving lung function in
acutely ill cystic ¯brosis patients compared to
200 cpm.41 In contrast, a study of eight hospitalised
DMD patients reported improved airway clearance
in patients with hypersecretory lungs with a lower
frequency of 120 cpm.16 These variations in applied
breath cycle frequency could be attributed to a lack
of evidence and guidance on the most e®ective
frequency to aid airway clearance. Although in-
vitro studies have shown that high-frequency
breath cycles have increased percussive e®ects
which may increase airway clearance, there is little
evidence to establish an association between IPV
frequency and its e®ect on airway clearance and
improved lung function in human subjects.52 In
addition to the e®ectiveness, a study in stable
COPD patients reported that a frequency of
250 cpm was better tolerated than 350 cpm.53 In
this review, besides a small number of studies with
variations in IPV frequency, we found that IPV
frequency between 200–300 cpm was used more
consistently across all the clinical settings
(Table 1). Future studies to assess the e®ect of IPV
frequency on airway clearance would further add to
the current knowledge.

Summary statement: IPV frequency of 200–
300 cpm was commonly used for airway clearance.

Positive airway pressure delivered by IPV has
increased lung volumes and reversed pulmonary
atelectasis.12,54 During IPV application, the lungs
are held in a state of partial inspiration, which
splints the airways, augments tidal volume, and
increases functional residual capacity.12,53 A study
by Nava and colleagues in patients with stable
COPD postulated that a higher airway pressure
was more e®ective in increasing lung volumes and
alveolar ventilation compared to lower airway
pressure when IPV frequency was kept constant at
250 cpm.53 The IPV pressure used by the studies in
this review varied. Studies in critically ill COPD
and tracheostomised patients with hypersecretory
airways used airway pressures up to 40 cm H2O to
improve gas exchange and enhance airway clear-
ance.13,34 In contrast, the application of pressures
as low as 6 cm H2O also improved airway clearance,
oxygenation, and pulmonary atelectasis in patients
with inhalation injuries in ICU.26 The observed
inconsistencies make it di±cult to establish a cor-
relation between the applied airway pressure and
its e®ect on airway clearance and the reversal of
pulmonary atelectasis.

Summary statement: Pressure settings in the range
of 10–20 cm H2O were commonly prescribed in
acute settings, whereas pressures in the range of
15–20 cm H2O were used in outpatient settings.

There is a lack of guidance in the literature
about the duration of IPV treatment sessions in
di®erent clinical conditions. Session length was
found to vary across all the clinical areas in the
included studies with treatment duration ranging
from ¯ve minutes to 30 minutes.16,24,41 From the
included studies, it was di±cult to establish any
association between treatment duration and clini-
cal condition or acuity of clinical condition.
Patients in acute inpatient (non-ICU) and outpa-
tient settings generally received slightly longer IPV
sessions (10–20min) than those in ICU (15–
20min). Although shorter treatment duration in
critically ill patients is seemingly more achievable
and realistic due to issues with patient fatigue,
more studies are required to establish the treat-
ment duration that is most e®ective.

Summary statement: IPV treatment sessions of
10–20 minutes were used most frequently in ICU
with slightly longer treatment duration (15–20min)

Clinical application of intrapulmonary percussive ventilation 51



in both inpatient (non-ICU) and outpatient
population.

The frequency of IPV sessions in a day also was
inconsistent across the studies, especially in ICU,
varying from two treatments daily14 up to six times
daily.23 In a study including critically ill patients
with inhalation injury who received IPV second
hourly, improved airway clearance and resolution
of atelectasis were reported.26 Similarly, post-tho-
racic and abdominal surgery patients admitted to
intensive care were treated six times daily with
IPV.23 It is unclear how the authors determined
the frequency of IPV sessions for these study pro-
tocols. Since the higher-frequency of IPV sessions
were mostly reported in critical care studies, it is
possible that the clinical acuity and shorter treat-
ment duration might be a signi¯cant contributor to
a high number of treatment sessions; however, the
scarce number of available studies render the es-
tablishment of a correlation between the number of
sessions per day and clinical bene¯t di±cult. Since
critically ill patients do not often tolerate longer
treatment sessions, it would be interesting to
compare if multiple short sessions are feasible and
as e®ective as fewer long IPV sessions. Besides
these few ICU-based studies23,26 that applied IPV
several times per day, most studies in ICU used
two IPV sessions a day whereas one IPV session a
day was used in most studies conducted in outpa-
tient settings (Table 1).

Summary statement: Two IPV sessions per day was
used commonly for acutely ill patients, whereas
patients with chronic, stable conditions received
one session per day.

IPV was delivered via di®erent interfaces, such
as facemasks or tracheostomy mouthpieces, tra-
cheostomy connector33,34 or the ventilator circuit
using an in-line connector.12,23 In spontaneously
breathing critically ill patients, using a mouthpiece
requires maintaining a tight seal around the lips,
which can be di±cult due to reasons such as
drowsiness, fatigue, and the presence of ICU-ac-
quired weakness, leaving a facemask as the most
appropriate interface. Most studies included in this
review used facemasks in non-ventilated ICU
patients, whereas a mouthpiece was used in outpa-
tient settings.25,31,37

Summary statement: A facemask was commonly
used for acutely ill patients, and a mouthpiece was
used for patients with stable chronic conditions.

The patient position plays an important role
during respiratory physiotherapy interventions,
with the position chosen speci¯cally aiming to fa-
cilitate airway clearance, improve gas exchange, or
treat atelectasis.55,56 Surprisingly, patient position
during IPV was underreported in ICU and inpa-
tient-based studies. Despite some physiological
evidence that a supine position can reduce chest
wall and lung compliance and functional residual
capacity leading to poor gas exchange,48,57,59 a
small observational study positioned patients in
the supine to treat pulmonary atelectasis and
reported resolution.12 IPV devices are position in-
dependent and, therefore, it can be used in a po-
sition that maximises therapeutic e®ects, such as
upright sitting, side-lying, or modi¯ed postural
drainage positions.

The types of patient outcomes reported varied
widely across the studies. Depending on the pur-
poses and objectives of the studies, some studies
reported short-term outcomes such as oxygenation
or elimination of CO2, while other studies reported
longer-term outcomes such as the resolution of
atelectasis, incidences of pneumonia or length of
ICU and hospital stay. Although one of the advan-
tages of using short-term outcomes is that the cli-
nician can get immediate feedback on treatment
e±cacy, the correlation between these short-term
outcomes and actual medium to long-term clinical
outcomes is unknown, including the impact of IPV
on morbidity and mortality in these patients.

There are some limitations to this scoping re-
view. Although the database search was extensive,
covering ¯ve databases from 1979 to 2022 to re-
trieve all the studies that used IPV for therapeutic
purposes, it is possible that we may have missed
some studies. The included studies provided in-
su±cient evidence to synthesise a guideline due to
heterogeneity. However, the IPV application and
dosage summary provided in this review may be
useful in guiding clinicians in treating patients with
IPV intervention and will contribute to developing
clinical practice guidelines in future.

Conclusions

In conclusion, this is the ¯rst scoping review to
summarise the current literature on the therapeu-
tic application methods and dosages of IPV across
various clinical settings for patients with di®erent
diseases and respiratory pathophysiology. We
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found variations and inconsistencies in clinical
application and prescribed dosages of IPV. Some
common applications and dosages of IPV were
summarised in this review which may assist clin-
icians in the application of IPV and contribute
towards developing a guideline in future once more
studies of patient groups of similar acuity and
pathophysiology are available. Until such evidence
is available, the ¯ndings of this review can be uti-
lised for guidance in the application and dosage of
IPV as long as the treatment is individually tai-
lored based on the pathophysiology and the
patient's response to treatment.
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Supplementary Material

Table S1.

Search strategy

1. intrapulmonary percussive ventilation.mp.
2. intrapulmonary percussive ventilator.mp.
3. continuous high frequency oscillation.mp.
4. CHFO.mp.
5. Percussionator.mp.
6. IPV-1.mp.
7. Percussionaire.mp.
8. Metaneb.mp.
9. Metan*.mp.
10. Impulsator.mp.
11. IMP2.mp.
12. pneumonia/or pneumonia.mp.
13. bronchiectasis.mp. or Bronchiectasis/
14. COPD.tw.
15. chronic obstructive pulmonary disease.mp. or Pulmonary Disease, Chronic Obstructive/
16. chronic obstructive airway disease.mp.
17. cystic ¯brosis.mp. or Cystic Fibrosis/
18. ciliary dyskinesia.mp.
19. asthma/ or asthma.mp.
20. bronchitis.mp. or Bronchitis/
21. ¯brotic lung disease.mp.
22. pulmonary ¯brosis.mp. or Pulmonary Fibrosis/
23. respiratory failure.mp. or Respiratory Insu±ciency/
24. hypoxemi*.mp.
25. hypercapnia/or hypercapn*.mp.
26. neuromuscular disease.mp. or Neuromuscular Diseases/
27. muscular dystrophy, Duchenne/ or muscular dystroph*.mp.
28. pulmonary atelectasis.mp. or Pulmonary Atelectasis/
29. atelectasis.mp.
30. pulmonary consolidation.mp.
31. hypersecretion.mp.
32. burn*.mp. or Burns/
33. smoke Inhalation Injury/ or smoke inhalation injur*.mp.
34. postoperative.mp.
35. surgery.mp.
36. post surg*.mp.
37. tracheostomy/ or tracheostom*.mp.
38. airway clearance.mp.
39. intensive care units/ or critical Illness/ or critical* ill*.mp.
40. critical care.mp. or critical care/
41. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11
42. 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28

or 29 or 30 or 31 or 32 or 33 or 34 or 35, or 36 or 37 or 38 or 39 or 40
43. 41 and 42
44. limit 43 to (humans and yr¼ \1979–2022")
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