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Background: In patients who are ventilator-dependent in the intensive care unit, inspiratory muscle
training may improve inspiratory muscle strength and accelerate liberation from the ventilator, but
optimal training parameters are yet to be established, and little is known about the impact of inspiratory
muscle training on quality of life or dyspnoea. Thus, we sought to ascertain whether inspiratory muscle
training, commenced while ventilator-dependent, would improve outcomes for patients invasively
ventilated for 7 days or longer.
Methods: In this randomised trial with assessor blinding and intention-to-treat analysis, 70 participants
(mechanically ventilated 7 days) were randomised to receive once-daily supervised high-intensity inspiratory
muscle training with a mechanical threshold device in addition to usual care or to receive usual care (control).
Primary outcomes were inspiratory muscle strength (maximum inspiratory pressure % predicted) and
endurance (fatigue resistance index) at ventilator liberation and 1 week later. Secondary outcomes included
quality of life (SF-36v2, EQ-5D), dyspnoea, physical function, duration of ventilation, and in-hospital mortality.
Results: Thirty-three participants were randomly allocated to the training group, and 37 to the control
group. There were no statistically signiﬁcant differences in strength (maximum inspiratory pressure)
(95% conﬁdence interval [CI]: 7.4 to 14.0) or endurance (fatigue resistance index) (95% CI: 0.003 to
0.436). Quality of life improved signiﬁcantly more in the training group than in the control group (EQ-5D:
17.2; 95% CI: 1.3e33.0) (SF-36-PCS: 6.97; 95% CI: 1.96e12.00). Only the training group demonstrated
signiﬁcant reductions in dyspnoea (1.5 at rest, 1.9 during exercise). There were no between-group
differences in duration of ventilation or other measures. In-hospital mortality was higher in the control group than in the training group (9 vs 4, 24% vs 12%, p ¼ 0.23).
Conclusions: In patients who are ventilator-dependent, mechanical threshold loading inspiratory muscle
training improves quality of life and dyspnoea, even in the absence of strength improvements or acceleration of ventilator liberation.
© 2022 Australian College of Critical Care Nurses Ltd. Published by Elsevier Ltd. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
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Respiratory muscle rehabilitation is an important element of
recovery for patients in the intensive care unit (ICU) who have
experienced prolonged invasive mechanical ventilation.1 At the
point of ventilator liberation, inspiratory muscle weakness is twice
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as prevalent as peripheral ICU-acquired weakness.2 However, with
a multidisciplinary approach involving nursing, medical, and
physiotherapy staff, speciﬁc inspiratory muscle training (IMT) is
both safe and feasible for patients in the ICU.3 Although yet to be
conﬁrmed in critically unwell patients, the likely mechanisms of
improvement with IMT include enhanced efﬁciency of both the
diaphragm4 and intercostal muscles,5 as well as modulation of the
metaboreﬂex associated with diaphragm fatigue,6 whereby with
training, perfusion is redistributed peripherally to facilitate more
exercise tolerance.7 A recent systematic review and meta-analysis
concluded that IMT accelerates liberation from mechanical ventilation more so than conventional physical therapy.8 However, there
remains considerable heterogeneity in approaches to IMT in the
ICU.1,9 While a multidisciplinary approach appears crucial, the ideal
training parameters and techniques are yet to be established.1
Mechanical spring-loaded threshold devices have been used to
strengthen inspiratory muscles in patients recently weaned from
mechanical ventilation. A supervised daily high-intensity strengthening regimen (30 breaths at a minimum 50% maximum inspiratory
pressure) improved patients’ inspiratory muscle strength and
quality of life within 2 weeks.10 While this high-intensity approach
to IMT is safe in selected ventilator-dependent patients (i.e., those
who are alert and able to participate in training, with positive endexpiratory pressure (PEEP) <15 cmH2O, FiO2<0.60),11 it is not yet
clear whether these patients would gain similar beneﬁts from
commencing training prior to ventilator liberation.
Previous studies of threshold-based IMT in ventilatordependent patients have been limited by restrictive sampling
(e.g., excluding patients younger than 70 years or those with a
tracheostomy;12 only targeting patients with chronic obstructive
pulmonary disease (COPD),13 or insufﬁcient loading (e.g., 30%14 or
40%15 maximum inspiratory pressure). One recent randomised trial
of high-intensity threshold-based IMT failed to detect improvements in inspiratory muscle strength or ventilation duration;16
however, this study did not measure the effect of training on
other patient-centred outcomes such as quality of life or dyspnoea.
Given the previous signiﬁcant improvements in quality of life in
patients in the ICU with just 2 weeks of IMT,10 and the need to shift
focus to a more patient-centred approach in ICU research, the
impact of IMT on quality of life requires further investigation in
ventilator-dependent patients.
Thus, the objectives of our study were to establish if highintensity IMT, using a mechanical threshold loading device,
would improve not just inspiratory muscle strength but also
patient-centred outcomes (including quality of life, dyspnoea, and
physical function) in a heterogeneous sample of patients who were
ventilator-dependent for 7 days or longer.
2. Methods
2.1. Study design
In accordance with our prepublished protocol,17 we conducted
this investigator-initiated single-centre randomised controlled trial
using concealed allocation, assessor blinding, and intention-totreat analysis to compare IMT with usual care in patients who
were ventilator-dependent in the ICU for at least 7 days. The study
was approved by the Australian Capital Territory Health Human
Research Ethics Committee (ETH.10.10.370) and the University of
Queensland Medical Research Ethics Committee (2010001498). The
published protocol17 (trial registration ACTRN12610001089022)
complied with the CONSORT guidelines for clinical trials.18
Patients were eligible for inclusion if they had been invasively
mechanically ventilated (via endotracheal tube or tracheostomy)
for at least 7 days, were aged 16 years, and were sufﬁciently alert

to provide informed consent and participate actively in training
(Riker SedationeAgitation Scale19 score of 4). Exclusion criteria
included pregnancy, signiﬁcant pain or distress affecting breathing,
medical instability (e.g., new cardiac arrhythmia, acutely septic)
where the treating team considered that interference with ventilatory support could compromise the patient's recovery,17 or
anticipated death within weeks. All participants provided written
consent to participate in the study.
The study was conducted in a 31-bed Australian mixed-medical/
surgical/trauma ICU where minimal sedation and early rehabilitation20 are well established. The medical ofﬁcers making ventilator
liberation decisions were blinded to group allocation. Training was
conducted by physiotherapists in line with our previously published protocol, which is safe and feasible in ventilator-dependent
patients.11 Due to the nature of the supervised training, therapists
could not be blinded to group allocation.
2.2. Intervention
Using a computer-generated random number sequence (with
concealed allocation), participants were randomised to usual care
(control group) or IMT in addition to usual care (IMT group). Usual
care included secretion clearance techniques (e.g., percussion, hyperinﬂation, suction) but did not include inspiratory resisted
breathing of any kind.
The IMT device used was the Threshold inspiratory muscle
trainer (Threshold IMT device HS730, Respironics NJ, USA). This
spring-loaded one-way valve provides titratable inspiratory resistance in a range of 9e41 cmH2O and can readily be connected to an
endotracheal tube or tracheostomy (Fig. 1).
For training, a high-intensity low-repetition method was used as
previously described.1,3,10 Intensity was prescribed at a minimum of
50% of maximal inspiratory pressure (MIP) at the highest tolerable
intensity where the participant could just complete the sixth breath
in a set of six breaths. One treatment session consisted of ﬁve sets of
six breaths, where resistance was increased between sets as
appropriate. Participants were returned to the ventilator between
sets, where they typically required only a few minutes’ rest.
Training commenced following randomisation and continued
once daily (weekdays only) until 1 week following successful
liberation from mechanical ventilation (deﬁned as 24 h without
positive pressure). We did not use a sham device for comparison
due to the risk of a sham device providing a training stimulus in
participants with very low inspiratory muscle strength.21
2.3. Measures
2.3.1. Primary outcomes
Primary outcomes were measured by speciﬁcally trained
research nurses blinded to group allocation. Initial measurements
were conducted following enrolment and prior to randomisation;
interim measurements were obtained following successful liberation from the ventilator (24 h spontaneously breathing without
positive pressure); and ﬁnal measurements were recorded 1 week
following liberation. Inspiratory muscle strength (MIP) was
measured from residual volume using a portable MicroRPM Respiratory Pressure meter (CareFusion, San Diego, USA) in accordance
with the protocol described by the American Thoracic Society and
European Respiratory Society.22 This device has excellent reliability
(intraclass correlation: 0.83e0.90).23
Following successful ventilator liberation, inspiratory muscle
fatigue was measured using the fatigue resistance index (FRI)
previously described in ICU survivors.24 This technique, based on
the maximum incremental threshold loading test,25 requires participants to breathe against 30% resistance for 2 min, and MIP
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previous studies of ICU survivors.24,31 Raw MIP scores were normalised32 to account for variations of MIP with age and gender.
Paired t-tests were used to compare within-group differences.
Mixed linear models were used to assess the between-group difference of the changes between enrolment and follow-up measures, including age, gender, APACHE II scores, and ‘ventilation time
prior to randomisation’ as covariates. Diagnostic plots (predicted
means versus Pearson's residuals) were generated to assess model
assumptions. Mortality and reintubation data were analysed using
Fisher's exact test. Post-ICU length of stay was analysed using a
Wilcoxon rank-sum test, with exclusion of patients who died in
hospital. Statistical signiﬁcance was set as p < 0.05. All analyses
were completed using R 3.6.1.1
3. Results
Fig. 1. Attachment of threshold inspiratory muscle trainer to endotracheal tube.

measures before and after the loading test are compared. The FRI
was also measured 1 week following successful ventilator
liberation.
2.3.2. Secondary outcomes
Participants’ quality of life was measured on enrolment and
completion (1 week following ventilator liberation) by research
nurses blinded to group allocation. Quality of life was measured
using both the SF-36v2 tool (acute 1 week time frame) (under
licence QualityMetric, USA) and the EQ-5D-3L tool (under licence
EuroQol International). The SF-36 is reliable, is responsive, and has
both construct and criterion validity in intensive care patients.26
The EQ-5D-3L tool has been used extensively in follow-up of patients who survived the ICU27 and gives a more general measure of
health-related quality of life than the SF-36.
Dyspnoea was measured using a Modiﬁed Borg Dyspnoea Scale,
where dyspnoea is a patient-reported categorical score out of 10.
This scale has acceptable reliability and validity in patients undergoing mechanical ventilation.28 Dyspnoea was recorded both at rest
(sitting comfortably in the chair or bed) and during exercise (the
peak exercise activity experienced in the previous 24 h) by research
nurses blinded to group allocation, at both enrolment and study
completion.
Physical function was assessed using the Acute Care Index of
Function (ACIF).29 This tool captures mental status, bed mobility,
transfers, and mobility and has excellent inter-rater reliability in
patients in the ICU (intraclass correlation ¼ 0.94).30 On enrolment,
ACIF scores were completed by ICU physiotherapists prior to randomisation (thus blinded to group allocation); however, follow-up
ACIF scores were recorded by the ward physiotherapist who was
not blinded.
Other outcomes extracted from the hospital databases included
the number of training sessions (intended and completed), any
requirement for reintubation, duration of mechanical ventilation,
duration of pressure support ventilation, ICU length of stay, postICU hospital length of stay, and in-hospital mortality.
2.4. Data analysis
The sample size was calculated a priori for the primary outcome
measures (MIP). To detect a 10% change in MIP with a power of 0.80,
70 participants were required (inﬂating group size by 15% due to
anticipated mortality of 12.8%17). In the absence of an established
minimal clinically important difference in MIP in patients in the
ICU, the 10% level was selected to facilitate comparison with

The ﬂow of participants is presented in Fig. 2. Between February
2011 and June 2019, 70 participants were recruited to participate in
the study, with 33 allocated to the IMT group and 37 to the control
group.
The most frequent reason for exclusion from the study was low
neurological status (low Glasgow Coma Score) with inability to
provide consent. Five participants were lost to follow-up in the IMT
group, and 10 in the control group, most commonly due to death
(either during the ICU admission or following discharge on the
ward). The total ICU mortality for the cohort was 10% (7/70), while
the total in-hospital mortality was 18.5% (13/70). Where patients
were lost to follow-up regarding the primary outcome measures,
but for reasons other than death, secondary measures were obtained through hospital databases and telephone interviews where
possible.
Groups were generally comparable at baseline, and participant
characteristics on enrolment are presented in Table 1.
3.1. Compliance with trial protocol
In the IMT group, the 33 participants completed a median of
eight sessions of IMT during the study (range: 2e67). Participants
completed 71% of all intended IMT sessions (range: 27%e100%).
While 19 (58%) participants completed more than 70% of the prescribed IMT sessions, two (6%) participants completed 30% or less of
the prescribed IMT sessions. The most frequent reason for lack of
completion was participant refusal due to generalised fatigue, followed by confusion or drowsiness rendering them temporarily
unable to participate. IMT was generally well tolerated, and no
adverse effects were reported during or immediately after training
in any participant. No participants in the control group inadvertently received IMT.
3.2. Effect of intervention
Changes in outcome measures within and between groups are
summarised in Table E1 and Table 2, respectively. Both the IMT
group and the control group had signiﬁcantly increased MIP scores
(% of predicted) across the study period (14.7 and 11.4%, respectively) (Fig. 3a and Table 2); however, the IMT group failed to
demonstrate a signiﬁcant increase from baseline to ventilator
liberation, indicating that the majority of their improvements
occurred in the ﬁnal week between liberation and completion
(10.1%). There was no statistically signiﬁcant difference between

1
R Core Team (2022). R: A language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria. URL: https://www.R-project.
org/.
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Fig. 2. Flow of participants through the study. ICU, intensive care unit; GCS ¼ Glasgow Coma Score.

groups for changes in MIP from baseline to completion (95% conﬁdence interval [CI]: 7.4 to 14.0).
While the FRI was relatively preserved in the IMT group between ventilator liberation and study completion, the control
group had a statistically signiﬁcant decrease in the FRI between
these timepoints (0.15) (Fig. 3b). There was no statistically signiﬁcant difference between groups for changes in the FRI across the
study period (95% CI: 0.003 to 0.436).
With regards to quality of life (Fig. 4), the IMT group had
signiﬁcantly increased EQ-5D scores (23/100), while the control
group's increase was not signiﬁcant (6/100), where the minimal
clinically important difference was 8.33 The IMT group's improvement in EQ-5D scores was statistically signiﬁcant relative to the
control group (17.2, 95% CI: 1.3e33.0). Using the SF-36 tool for
quality of life, neither the mental component score nor the total
(SF6D) scores showed signiﬁcant within-group changes; however,

the physical component score signiﬁcantly increased in the IMT
group (6.4), while there was a nonsigniﬁcant decrease in the control group (0.70). The between-group difference in change in the
PCS (6.97) was statistically signiﬁcant (96% CI: 1.96e12.00).
Changes in secondary outcome measures are detailed in
Table E1 and Table 2. Physical function (ACIF) signiﬁcantly
increased in the control group only (0.14), but there was no signiﬁcant difference between groups (95% CI: 0.20 to 0.08). Both
groups showed improvements in dyspnoea scores at rest and
during exercise; however, only the IMT group's reductions were
statistically signiﬁcant (1.5 at rest, 1.9 during exercise). These
improvements exceed the minimal clinically important difference
for the Borg dyspnoea scale (1 unit).34
Reintubation occurred in almost twice as many patients in the
control group than the IMT group (28 vs 15 patients experienced
reintubation) (Table 3); however, this difference was not
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Table 1
Characteristics of participants at enrolment.
Characteristic

Age (yr), mean (SD)
[Min, Max]
Gender, n males (%)
Diagnosis, n (%)
Sepsis
Pneumonia
Multitrauma
Cerebrovascular accident
Guillain-Barre syndrome
Respiratory failure
Cardiothoracic surgery
Abdominal surgery
Necrotising pancreatitis
Encephalopathy/seizures
Cardiac arrest
Other
APACHE II scores
Median [Min, Max]
(25, 75% quartiles)
Highest SOFA score
Median [Min, Max]
(25, 75% quartiles)

Randomised (n ¼ 70)

Lost to follow-up (n ¼ 17)

IMT (n ¼ 33)

Control (n ¼ 37)

Total (n ¼ 70)

IMT (n ¼ 7)

Control (n ¼ 10)

60 (17)
[18,82]
18 (55)

59 (15)
[19,83]
23 (62)

60 (16)
[18,83]
41 (59)

62 (11)
[45,77]
4 (57)

60 (8)
[46,71]
8 (80)

5
1
3
4
4
2
2
4
1
2
2
3

5 (14)
6 (16)
5 (14)
e
3 (8)
4 (11)
3 (8)
1 (3)
5 (14)
e
e
5 (14)

10 (14)
7 (10)
8 (11)
4 (6)
7 (10)
6 (9)
5 (7)
5 (7)
6 (9)
2 (3)
2 (3)
3 (4)

3 (43)
e
1 (14)
1 (14)
1 (14)
e
e
1 (14)
e
e
e
e

3 (30)
1 (10)
e
e
e
1 (10)
2 (20)
e
2 (20)
e
1 (10)
e

19 [7,40]
(16.25)

18 [8, 34]
(14,24)

19 [7,40]
(15,24)

21 [15,27]

20 [11,34]

8 [0,15]
(5,10)

8 [1,35]
(5,10)

8 [0,35]
(5,10)

9 [3,15]

9 [2,17]

(15)
(3)
(9)
(12)
(12)
(6)
(6)
(12)
(3)
(6)
(6)
(9)

APACHE II ¼ Acute Physiology and Chronic Health Evaluation; CVA ¼ cerebrovascular accident; IMT ¼ inspiratory muscle training; SD ¼ standard deviation; SOFA ¼ Sequential
Organ Failure Assessment.

statistically signiﬁcant. Despite a higher median length of hospital
stay in the IMT group (32 vs 21 days) (ﬁgure E1), neither post-ICU
length of stay nor mortality was signiﬁcantly different between
the two groups. Details of patients who died during their hospital
admission are included in Table E2 (online supplement).
4. Discussion
In this randomised trial of mechanical threshold-based IMT
commenced in the ICU while patients were ventilator-dependent,
the main ﬁndings were that despite no difference between
groups with respect to inspiratory muscle strength (MIP) or
endurance (FRI), the IMT group showed signiﬁcantly greater

improvements in quality of life. These quality of life improvements
were detected across two separate validated measures, the SF-36
(physical component score) and the EQ-5D.
The lack of improvement in MIP is somewhat surprising, given
that our previous study in recently weaned patients, using a mechanical IMT device and high-intensity protocol, showed signiﬁcant
improvement in MIP within 2 weeks of training.10 However, our
ﬁndings are consistent with the recent study by Moreno et al16
which found no signiﬁcant difference in MIP between groups using a high-intensity protocol with a threshold device. In contrast, a
small pilot study by Tonella et al,35 using a tapered ﬂow resistive
electronic device, found signiﬁcant improvements in both MIP and
time to ventilator liberation. A possible explanation is that simple

Table 2
Differences within and between groups for each outcome measure comparing enrolment and completion values.
Outcome

MIP % predicted
Baseline to completion
MIP % predicted
Baseline to liberation
MIP % predicted
Liberation to completion
Fatigue resistance index/1.00
QOL: SF-36 PCS (Physical)
QOL: SF-36 MCS (Mental)
QOL: SF-36 SF6D (Total)
QOL: EQ-5D/100
ACIF/1.00
Dyspnoea at rest/10
Dyspnoea during exercise/10

Differences within groups

Differences between groups across study period (mixed-model
analysis)

Difference between timepoints (baseline &
completion unless otherwise speciﬁed)
Mean (SEM)

Difference between groups

95% conﬁdence interval

IMT (n ¼ 33)

Control (n ¼ 37)

14.7 (3.80)***

11.4 (3.83)*

3.3

7.4e14.0

4.6 (3.74)

11.0 (3.91)*

6.3

17.1e4.4

10.1 (3.79)*

0.4 (3.98)

9.7

1.2e20.5

þ0.07 (0.08)
þ6.3 (1.81)***
1.0 (3.25)
0.046 (0.0352)
23.0 (5.93)***
0.08 (0.053)
1.5 (0.67)*
1.9 (0.81)*

¡0.15 (0.07)*
0.6 (1.72)
þ2.7 (3.08)
0.024 (0.0338)
5.8 (5.26)
0.14 (0.050)**
0.9 (0.60)
0.4 (0.72)

0.21
6.97*
3.76
0.022
17.2*
0.06
0.5
1.6

0.003e0.426
1.96e12.00
12.7e5.2
0.08e0.12
1.3e33.0
0.20e0.08
2.33e1.28
3.77e0.55

ACIF ¼ Acute Care Index of Function; IMT ¼ inspiratory muscle training; MCS ¼ mental component score; PCS ¼ physical component score; QOL ¼ quality of life (SF-36 or EQ5D tools); SEM ¼ standard error of the mean.
* ¼ p < 0.05. ** ¼ p < 0.01. *** ¼ p < 0.001.
All analyses are intention to treat.
Bold numbers were statistically signiﬁcant.
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Fig. 3. a) Changes in MIP (%predicted) between baseline, ventilator liberation, and study completion. b) Changes in the FRI between ventilator liberation and study completion. FRI,
fatigue resistance index; IMT, inspiratory muscle training; MIP, maximal inspiratory pressure.

mechanical threshold devices do not allow optimised training parameters due to their limited training range (9e41 cm H2O),
whereas electronic IMT devices can train patients at a broader
range of intensities (i.e., from 2 cmH2O to 200 cmH2O) which may
be more suitable for the spectrum of ICU ventilator-dependent
patients.1 Future studies should determine whether electronic

IMT devices are superior to mechanical threshold devices in
ventilator-dependent patients in terms of recovering inspiratory
muscle strength.
The improvements in quality of life, in the absence of strength or
endurance improvements, are intriguing but consistent with our
previous study of IMT in patients in the ICU.10 The fact that the
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Fig. 4. Changes from enrolment to completion in a) EQ-5D (visual analogue scale) scores and b) SF-36 Physical Component Score changes. IMT, inspiratory muscle training.

physical component score of the SF-36 showed improvement indicates a perceived sense of physical progress associated with IMT.
The reduction in dyspnoea, unique to the IMT group in our study,
would also be consistent with improvements in quality of life. In

broader patient groups, dyspnoea has been described as a highly
complex experience, unique to the individual, encompassing
physical, cognitive, and emotional dimensions.36 In ventilatordependent patients, we do not yet have a clear understanding of
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Table 3
Comparisons between groups for ventilation, length of stay, and mortality outcome measures.
Outcome

Duration of mechanical ventilation (days)
Median [Min, Max]
(25, 75% quartiles)
Duration of pressure support ventilation (days)
Median [Min, Max]
(25, 75% quartiles)
Length of ICU stay (days)
Median [Min, Max]
(25, 75% quartiles)
Post-ICU hospital stay - hospital survivors (days)
Median [Min, Max]
(25, 75% quartiles)
Reintubation: number patients reintubated (%)
(Range of reintubation frequency per patient)
In-hospital mortality n (%)

Randomised (n ¼ 70)

Between-group analysis

IMT (n ¼ 33)

Control (n ¼ 37)

21 [7205]
(14, 42)

19 [8e184]
(12, 41)

15 [0e168]
(9, 34)

13 [1e184]
(8, 33)

30 [11e212]
(19, 52)

27 [9e138]
(15, 44)

32 [0e268]
(16, 70)
15 (45%)
(0e1)
4 (12%)

21 [1e277]
(11, 52)
28 (76%)
(0e4)
9 (24%)

p ¼ 0.57a

p ¼ 0.56a

p ¼ 0.33a

p ¼ 0.23a

OR 0.603
95% CI 0.25e1.40
OR 0.434
95% CI 0.09e1.78

CI, conﬁdence interval; IMT, inspiratory muscle training; ICU, intensive care unit; OR, odds ratio.
a
Wilcoxon rank-sum test analysis.

the relationship between breathing and dyspnoea associated with
ventilator liberation and its impact on quality of life. It is possible
that IMT trains the psychological aspects of dyspnoea even more
than the physical aspects in ventilator-dependent patients. Future
studies should explore these links as they may be key to successful
ventilator liberation.
The failure of IMT to hasten ventilator liberation in this study was
disappointing, given the known association between diaphragm
dysfunction and difﬁculty weaning37 and the favourable results
described in previous studies of patients in ICU;9,35,38 however, this
may be related to an inadequate training stimulus (as reﬂected in
lack of MIP improvements), or our study could be underpowered for
this outcome. It is also possible that the beneﬁts of IMT could be
placebo in nature, perhaps associated with the sense of mastery that
accompanies strength training more broadly. This deserves further
exploration. In contrast to our previous study of IMT in patients in
the ICU,10 the control group had higher in-hospital mortality than
the IMT group; however, this difference was not statistically signiﬁcant. Based on the current data, we do not believe there should
be any concerns about the mortality risk of IMT in patients in the
ICU, so long as patients are selected appropriately.11
The strengths of this study include the randomised controlled
trial design with blinded outcome assessors, the recruitment of a
heterogenous sample of patients of all ages and a broad range of
pathologies (including those with tracheostomies), and the inclusion of patient-centred outcomes including quality of life and
perception of dyspnoea. However, the short time frame for followup beyond the ICU (1 week) is a major limitation which may have
hampered our understanding of the evolution of these important
outcomes in the early recovery trajectory. Other limitations include
the exclusion of patients who could potentially beneﬁt from
training if sufﬁciently cooperative (e.g., people with brain injuries,
developmental delay, or delirium); the limitation of the mechanical
training device (a ﬂoor of 9 cmH2O and a ceiling of 41 cmH2O),
which may have hampered training efﬁcacy; and the fact that
neither therapists nor patients could be blinded to the intervention.
Furthermore, it is likely that this study was inadequately powered
for some secondary outcomes (e.g., physical function, time to
ventilator liberation, length of stay). Another limitation is that this
was a single-centre study, which took 8 years to recruit 70 participants, and the utility of the ﬁndings should be viewed in this
context. Extrapolation of our results is also limited to ICUs which
practice minimal sedation, early rehabilitation, and mobilisation as
this is our standard of care.39

5. Conclusions
In patients who have been ventilator-dependent for 7 days or
longer and are alert and able to participate in training, supervised
IMT with a mechanical threshold device and a high-intensity protocol may improve quality of life and dyspnoea. However, inspiratory muscle strength and endurance may not improve with this
training approach, and liberation from ventilation may not be
accelerated.
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