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Abstract

Background: The early institution of inspiratory muscle training on hospitalised patients with no established
respiratory deficits could prevent in-hospital adverse outcomes that are directly or indirectly associated to the loss
of respiratory muscle mass inherent to a prolonged hospital stay. The objective of the clinical trial is to assess the
impact of inspiratory muscle training on hospital inpatient complications.

Methods: This is a double-blind randomised controlled trial. Subjects in the intervention group underwent an
inspiratory muscle training loaded with 50% maximum inspiratory pressure twice daily for 4 weeks from study
enrolment. Patients were randomly assigned to an inspiratory muscle training group or a sham inspiratory muscle
training group. All patients received conventional physiotherapy interventions. Baseline and post-intervention
respiratory and peripheral muscle strength, functionality (performance of activities of daily living), length of hospital
stay, and death were evaluated. Clinical outcomes were assessed until hospital discharge. This study was approved
by the Institutional Hospital Ethics Committee (03/2014).

Results: Thirty-one patients assigned to the inspiratory muscle training group and 34 to the sham inspiratory
muscle training group were analysed. Patients in the inspiratory muscle training group had a shorter mean length
of hospital stay (35.3 ± 2.7 vs. 41.8 ± 3.5 days, p < 0.01) and a lower risk of endotracheal intubation (relative risk (RR)
= 0.36; 95% confidence interval (CI) 0.27–0.97; p = 0.03) as well as muscle weakness (RR = 0.36; 95% CI 0.19–0.98; p =
0.02) and mortality (RR = 0.23; 95% CI 0.2–0.94; p = 0.04). The risk of adverse events did not differ significantly
between groups.

Conclusion: Inspiratory muscle training was a protective factor against endotracheal intubation, muscle weakness,
and mortality.

Trial registration: ClinicalTrials.gov, ID: NCT02459444. Registered on 19 May 2015.
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Background
A prolonged hospital stay is an independent factor of
the development of adverse outcomes during the hospi-
talisation period [1, 2], and it is already known that its
devastating functional impacts persist for a 5-year period
after hospital discharge [1–3]. Previous studies have
demonstrated that decreased mobility, bed confinement,
and mechanical ventilation for > 12 h lead to respiratory
muscle atrophy and functional deterioration [4]. Decreased
mobility makes patients more vulnerable to complications,
such as respiratory and peripheral muscle weakness, car-
diorespiratory deconditioning, and a decline in physical
functionality, all of which are deeply related to increased
morbidity and mortality [5–8]. A lack of early mobility was
identified by Morris et al. as a predictor of readmission or
death within the first year after hospital discharge [9].
Kayambu et al. conducted a systematic review and

concluded that physiotherapy in the intensive care unit
appears to confer significant benefits including improv-
ing quality of life, physical function, and peripheral and
respiratory muscle strength; increasing ventilator-free
days; and shortening hospital stay. However, none of the
included studies used inspiratory muscle training [10].
Inspiratory muscle training is a therapeutic modality

that aims to increase inspiratory muscle conditioning
via respiratory muscle overload [11, 12]. In a recent
systematic review, Gomes-Neto et al. [13] concluded that
preoperative inspiratory muscle training significantly im-
proved pulmonary function, shortened length of postoper-
ative hospital stay, and reduced the risk of pulmonary
complications. However, postoperative inspiratory muscle
training showed significant improvements in pulmonary
function only.
Few studies have reported on the effects of the

early addition of inspiratory muscle training [14–17],
and no published data prove the preventive effect of
inspiratory muscle training on prolonged hospitalisa-
tion complications. Our hypothesis is that the early
institution of inspiratory muscle training on hospita-
lised patients with no established respiratory deficits
could prevent in-hospital adverse outcomes that are
directly or indirectly associated to the loss of respira-
tory muscle mass inherent to a prolonged hospital
stay. Thus, the objective of this study was to evaluate
the safety and efficacy of inspiratory muscle training
for preventing adverse outcomes in patients at risk of
prolonged hospitalisation.
The primary objective of the clinical trial is to as-

sess the impact of inspiratory muscle training on hos-
pital inpatient complications. It also aims to describe
the safety of early respiratory training in hospitalised
patients and to measure inspiratory muscle training
responses at respiratory muscle strength, peripheral
strength, and functionality of hospitalised patients.

Methods
This prospective, double-blind (patient and evaluator) ran-
domised controlled trial compared the efficacy of
inspiratory muscle training and inspiratory muscle train-
ing. The study protocol for this trial was described else-
where [18]. This study was conducted in accordance with
Consolidated Standards of Reporting Trials recommenda-
tions [19]. The trial was registered at ClinicalTrials.gov in
May 2015 (NCT02459444). The trial was performed at
the Roberto Santos General Hospital in Salvador, Bahia,
Brazil. This study was approved by the Institutional Hos-
pital Ethics Committee (approval reference number 03/
2014). Before enrolment, written informed consent was
obtained from participants or their legal guardians.
A sample size of 54 participants was calculated based

on a statistical power of 80% to detect a difference of
10% [1, 6] of in-hospital mortality rates between the
inspiratory muscle training and sham intervention
groups, standard deviation of 3% [6], α level of 0.05, and
estimated loss of 20%.
The study included every patient admitted to the gen-

eral ward who met the inclusion criteria. The inclusion
criteria were age 18–60 years; admission to the hospital
ward; and at least two of the following risk factors for
prolonged hospitalisation: two or more comorbidities;
sepsis; liver, lung, or kidney diseases; neoplasia; mechan-
ical ventilation; and use of vasopressor or dialysis ther-
apy. Patients with a cognitive disability that made them
unable to perform the respiratory training; uncontrolled
cardiac arrhythmias; circulatory shock; acute ischaemic
heart disease; acute respiratory failure (characterised by
a partial pressure of arterial oxygen < 60 mmHg or a par-
tial pressure of arterial carbon dioxide > 50 mmHg);
neuromuscular disease or myopathies; or diaphragmatic
paresis or paralysis were excluded from the protocol.
After the initial assessment, the patients were randomly

assigned to the inspiratory muscle training or sham in-
spiratory muscle training group in a 1:1 ratio by a blinded
investigator with no participant contact. The simple ran-
domisation was performed using RandList® software, in
which the participants were allotted to groups by num-
bered and opaque, sealed envelopes that were opened after
the initial assessment of those who met the inclusion cri-
teria. All holding sessions were supervised by a member of
a team trained exclusively for a daily intervention. Only
this team had access to group allocation and the devices
used by each patient. All evaluations were carried out by
an evaluator, trained exclusively to evaluate the variables
of interest of this research, being the same blind to the al-
location in the intervention groups and not participating
in the training sessions. As well as no being informed of
his allocation in research, the patients only had contact
with the device in the moments of sessions, always super-
vised by the staff trained for interventions.
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Training method
Patients in the inspiratory muscle training group per-
formed 4 weeks of inspiratory muscle training using a
Powerbreathe® Plus model linear inspiratory resistor
device (Fig. 1) loaded with 50% maximal inspiratory
pressure. The participants performed one set of 30
breaths twice a day for four consecutive weeks (56 total
sessions), according to the protocol used in previous
studies [20–24]. The filtre was not used since the devices
are for individual use. Heart rate, peripheral oxygen sat-
uration, and the Borg Rating of Perceived Exertion were
measured before each session as a safety precaution.
Criteria for discontinuation of the exercise included the
occurrence of dyspnoea, headache, pain, tachycardia
(>20% of the initial heart rate), hypertension (> 20% of
the initial blood pressure systolic or diastolic), broncho-
spasm, dizziness, syncope, or epistaxis [11, 17, 25].
Those receiving the sham inspiratory muscle training
performed unloaded exercises with the same training
device and method at the same frequency and duration
as the inspiratory muscle training group. Both groups
performed daily standard physiotherapy that comprised
exercises, such as unloaded exercises, muscle stretching,
posture, and ambulation, which was instituted as sub-
jects could tolerate it.

Measurements
The sample characterisation relied on demographical (sex,
age), clinical, and functional data. The clinical and func-
tional data comprised cause of hospital admission and ill-
ness severity measured by the Acute Physiology and
Chronic Health Evaluation (APACHE) score [4]. The
Barthel Index and Functional Independence Measure
(FIM) were used to assess functional status. The modified
Barthel Index is an ordinal scale that provides a total score
of 0–100, where higher scores indicate greater independ-
ence [26]. The FIM is a scale with an 18-item, seven-level
ordinal scale, with 1 indicating dependence and 7
indicating independence [27]. Before the study, each

measuring instrument was calibrated according to tech-
nical standards.
Peripheral muscle strength was measured according to

the Medical Research Council score. The sum score in-
cludes strength testing of three arm and three leg muscle
groups and results in a score of 0–60 [28, 29]. Muscle
weakness was defined as a Medical Research Council
score < 48 [4]. Inspiratory muscle strength was assessed
by measuring the maximal respiratory pressure using a
Wika® CL 1.6 analogue manovacuometer attached to a
facial mask and a one-way valve. Five maximal inspira-
tory and expiratory effort manoeuvers were performed
without perioral air leakage and sustained for at least 2 s
with values close to each other (10%). The manoeuver
with the greatest value was used in the analysis [30, 31].
Respiratory muscle endurance was assessed by max-
imum voluntary ventilation using a Ferrari® ventilometer.
Maximum voluntary ventilation was the largest volume
that can be breathed into and out of the lungs during a
10–15-s interval with maximal voluntary effort. [31]
Frequencies of endotracheal intubation, muscle weak-

ness, and death during the intervention period until
hospital discharge were recorded. All enrolled patients
underwent an intervention protocol for 4 weeks after
study inclusion, and their in-hospital adverse outcomes
were monitored. All patients who dropped out of the
study after at least one intervention, were analysed,
considering the intention-to-treat. The occurrence of
adverse events, such as dyspnoea, headache, pain, tachy-
cardia, hypertension, bronchospasm, dizziness, syncope,
epistaxis, and respiratory failure, during the intervention
exercises was noted. Each adverse event was monitored
in each intervention session and patients may have pre-
sented more than one of these signs or symptoms. [32]

Data analysis
Continuous variables included mean central tendency and
dispersion values, while categorical variables were expressed
as absolute and relative frequencies. The Shapiro-Wilk test
and central tendency measures were used to determine
whether the variables were normally distributed. The ana-
lysis of variance test was used to compare mean differences
between groups. The statistical analysis was performed
using the X2 test for categorical variables. Survival was ana-
lysed using a Kaplan-Meier survival curve. To assess inter-
vention safety, endotracheal intubation need, muscle
weakness, adverse events, and death were assessed by the
relative risk (RR) and number needed to treat. P values <
0.05 were considered statistically significant. SPSS 21.0 for
Windows was used in the data analysis.

Results
Of 133 patients admitted to the hospital, 65 were eligible
for, and were randomised in, the study (31 in the

Fig. 1 Powerbreathe® Plus calibrated to a high load to the
inspiratory muscle training group and unloaded for sham inspiratory
muscle training group
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inspiratory muscle training group, 34 in the sham in-
spiratory muscle training group. There was a loss of
follow-up of five patients for the IMT group and six for
the sham group, as shown in Fig. 2. All the randomised
patients were included in the final analysis, respecting
intention-to-treat.
The sociodemographic and clinical characteristics of

the two groups are shown in Table 1. The baseline char-
acteristics were similar in the two groups. The protocol
attendance rates did not differ between the two groups
(49.4 ± 2.2 vs. 48.9 ± 2.0 sessions; p = 0.39).
Table 2 depicts the patient’s functional status and

respiratory variables. The intra-group analysis showed
statistically significant improvement in all respiratory
and functional parameters for the inspiratory muscle
training group only. An intergroup comparative analysis
showed significant improvement in the maximal respira-
tory pressure and functional status for the inspiratory
muscle training group (Table 2).
The inspiratory muscle training group had a signifi-

cantly shorter mean length of hospital stay than the

sham inspiratory muscle training group (35.3 ± 2.7 vs.
41.8 ± 3.5 days; p < 0.01). Furthermore, the inspiratory
muscle training protocol was a demonstrated protective
factor against endotracheal intubation, muscle weakness,
and in-hospital mortality. The prevalence of adverse
events during interventions was not significantly differ-
ent between the two groups (Table 3).

Discussion
The addition of inspiratory muscle training to physio-
therapy was demonstrated safe and resulted in improved
inspiratory muscle strength and functional status as well
as a shortened length of hospital stay. The inspiratory
muscle training was revealed as a protective factor
against adverse outcomes.
This randomised controlled trial is relevant because it

analyses inspiratory muscle training used as a potential
co-adjuvant option for the non-pharmacological preven-
tion and treatment of hospitalised patients. In addition,
the eligibility of outcomes, such as hospitalisation com-
plications, endotracheal intubation need, and in-hospital

Fig. 2 Flow diagram of patient recruitment and follow-up
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mortality rates, are essential factors for health care and
assistance cost evaluations, and these outcomes are
potential markers of public health management effect-
iveness. Beyond its physical and functional benefits, the
addition of inspiratory muscle training to standard
physiotherapy was a demonstrated protective factor
against muscle weakness, promoting a 64% risk reduction
for this complication. We calculated that the inspiratory
muscle training group must include eight patients to pre-
vent one case of muscle weakness in patients at risk for
prolonged hospitalisation. To our knowledge, no other
studies in the academic literature have addressed the effi-
cacy of inspiratory muscle training.

Inspiratory muscle training also reduced the need for
endotracheal intubation by 64%, resulting in a sample size
of four to prevent one intubation. The in-hospital mortal-
ity rate was higher in patients in the sham intervention
group than in those in the inspiratory muscle training
group, with an average of nine required patients to pre-
vent one death. In a recent clinical trial, Wiskemann et al.
[33] reported a required six treated patients to prevent
one death among oncologic patients who underwent an
exercise program from in-hospital admission to 6–8 weeks
after discharge. In a case-control study exploring the im-
pact of organised care (including physiotherapy based on
early mobilisation) on patients with ischemic stroke
assisted at specialised units, Saposnik et al. [34] found that
organised care required eight treated patients to prevent
7-day stroke fatality.
The significant increase of 52.4% of maximal inspira-

tory pressure restates the positive effect of this thera-
peutic technique on respiratory muscle strengthening of
patients with prolonged hospitalisation. The clinical
significance of this finding is not restricted to the benefit
of the maximal inspiratory pressure increase to near-
normal levels, it also reverses the trend for maximal in-
spiratory pressure decreasing observed in the sham
group [6, 29]. Kulkarni et al. [14] evaluated the use of
different linear training devices for inspiratory muscle
training during 2 weeks before major abdominal surgery
and noticed that the same linear resistor used in the
present study was the only one to show a significant and
lasting increase in maximal inspiratory pressure, from
51.5 cmH2O to 68.5 cmH2O, with no significant
reduction in postoperative maximal inspiratory pressure
(p = 0.36).
De Jonghe et al. [29] identified a strong correlation

between decreased maximal inspiratory pressure and re-
duced peripheral muscle strength. Relying on the
principle of muscle reversibility, muscle training benefits
the target muscles and their synergists. This theory is
supported by Chiang et al. [35] who detected a signifi-
cant increase in maximal inspiratory pressure from 46.0

Table 1 Distribution of demographic and clinical characteristics
by group of intervention in 65 followed patients

IMT group
(N = 31)

Sham IMT group
(N = 34)

Gender:

Female [n (%)] 15 (53.5) = 18 (58.1) 17 (65.3) = 22 (64.7)

Male [n (%)] 11 (46.5) = 13 (41.9) 5 (34.7) = 12 (35.3)

Age [mean ± SD] 45.1 ± 1.5 44.0 ± 1.5

Diagnosis [n (%)]

Stroke 5 (19.3) = 5 (16.1) 6 (21.4) = 6 (17.6)

Brain tumour 4 (15.4) = 4 (12.9) 4 (14.3) = 4 (11.8)

Sepsis 4 (15.4) = 4 (12.9) 5 (17.9) = 5 (14.7)

Pneumonia 3 (11.5) = 3 (9.7) 2 (7.1) = 2 (5.8)

Abdominal surgery 3 (11.5) = 3 (9.7) 4 (14.3) = 4 (11.8)

Spinal cord tumour 2 (7.7) = 2 (6.5) 3 (10.7) = 3 (8.8)

Endovascular
revascularisation

2 (7.7) = 2 (6.5) 2 (7.1) = 2 (5.8)

Othersa 3 (11.5) = 3 (9.7) 2 (7.1) = 2 (5.8)

APACHE II [mean ± SD] 21.6 ± 0.4 20.8 ± 0.6

Assiduity to the protocol
[mean ± SD]

49.4 ± 2.2 48.9 ± 2.0

APACHE II Acute Physiology And Chronic Health Evaluation IMT group
inspiratory muscle training group, Sham IMT group sham inspiratory muscle
training group, SD standard deviation
aDiagnostics with frequency lower than 5% were grouped in Others

Table 2 Baseline and post-intervention data (mean ± SD) on functional and respiratory variables by intervention group in 65
followed patients

IMT group (N = 31) Sham IMT group (N = 34) p valueb

Baseline Fourth week Baseline Fourth week

MIP (cmH2O) − 57.3 ± 27.1 − 87.3 ± 28.2a − 67.6 ± 34.7 − 60.3 ± 25.4 < 0.01

MVV (litres) 11.9 ± 5.2 27.1 ± 15.5a 12.3 ± 6.3 12.9 ± 7.6 0.15

MRC 50.0 ± 10.8 55.1 ± 8.0a 51.1 ± 9.9 51.3 ± 8.9 0.11

BI 76.5 ± 24.0 87.5 ± 16.5a 74.8 ± 22.2 76.2 ± 19.2 0.02

FIM 4.7 ± 2.0 6.0 ± 1.7a 4.6 ± 2.0 5.0 ± 1.9 0.06

IMT group inspiratory muscle training group, Sham IMT group sham inspiratory muscle training group, MIP maximal inspiratory pressure, MVV maximum voluntary
ventilation, MRC Medical Research Council, BI Barthel Index, FIM Functional Independence Measure
aIntra-group analysis of baseline and fourth week data (p value < 0.05);
bComparing baseline- with fourth-week data between groups
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to 60.0 cmH2O and improved peripheral muscle
strength from 50.0 ± 10.8 to 55.1 ± 8.0 kg after a 6-week
rehabilitation protocol comprising early mobilisation
and inspiratory exercises five times per week.
Previous studies have also reported the association

between early rehabilitation, a decreased mechanical
ventilation duration and number of hospital readmis-
sions, and shorter hospital length stay, leading to cost
savings [36–38]. Although we have not assessed hospi-
talisation costs, the early inspiratory muscle training
addition was demonstrated to be a protective factor
against intubation, muscle weakness, and death, which
may reduce hospital costs. The results of this study are
in accordance with the findings of previous studies on
physiotherapy and respiratory exercises in critically ill
patients [10, 36, 39]. These findings reinforce the early
addition of inspiratory muscle training to standard
physiotherapy as a potential tool for fighting complica-
tions of prolonged hospitalisation, which can be insti-
tuted as routine treatment for patients who fit the
profile.
The inspiratory muscle training protocol of our study

used a high-intensity load equivalent to 50–60% of the
maximal inspiratory pressure. In a published systematic
review, Moodie et al. [39] showed that inspiratory
muscle training at higher-intensity loads were more ef-
fective at improving muscle strength.
This study is a pioneer in the early institution of an

inspiratory muscle training protocol for patients at risk
of prolonged hospitalisation. The inspiratory muscle
training device used herein is a low-cost apparatus that
displays a graduated inspiratory resistance, features that
facilitate the reproducibility of inspiratory muscle train-
ing. In addition, the training protocol used was of rela-
tively short duration, which makes the training a
realistic and feasible treatment in the hospital setting.

The promising results presented here encourage the
conduction of further investigations in populations with
homogeneous clinical characteristics for longer training
periods. Nevertheless, study limitations must be stated.
Our study was conducted in a single centre, limiting the
extrapolation of results for hospital units with different
or specialised profiles. However, the use of a representa-
tive sample suggests that the benefits identified here
may extend to patients who experience prolonged ward
hospitalisations in other facilities. In addition, the lack of
electrocardiographic monitoring during inspiratory
muscle training sessions is a possible limitation because
arrhythmia is an adverse event reported in the academic
literature for such therapeutic exercises, albeit with low
frequency. However, other cardiorespiratory parameters
were measured for safety purposes. The chosen parame-
ters presented good reproducibly, low cost, and adequate
applicability to patients with conditions of diverse com-
plexity in the hospital environment.

Conclusion
The early institution of inspiratory muscle training with
a loaded linear resistor, associated with standard physio-
therapy, is effective at preventing complications due to
prolonged hospitalisation and reducing associated in-
hospital mortality rates. Its therapeutic use is safe and
well-tolerated in the hospital environment, providing
respiratory gain and improving functional capacity.
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