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Abstract
Background.To the best of our knowledge, no studies have evaluated the effects of inspiratory muscle training (IMT) on recovered
COVID-19 patients after weaning from mechanical ventilation. Therefore, this study assessed the efficacy of IMT on recovered
COVID-19 patients following mechanical ventilation.

Methods. Forty-two recovered COVID-19 patients (33 men and 9 women) weaned frommechanical ventilation with a mean age of
48.05±8.85years were enrolled in this pilot control clinical study. Twenty-one patients were equipped to 2-week IMT (IMT group)
and 21matched peers were recruited as a control (control group). Forced vital capacity (FVC%), forced expiratory volume in 1 second
(FEV1%), dyspnea severity index (DSI), quality of life (QOL), and six-minute walk test (6-MWT) were assessed initially before starting
the study intervention and immediately after intervention.

Results.Significant interaction effects were observed in the IMT when compared to control group, FVC% (F=5.31, P= .041, hP2=
0.13), FEV1% (F=4.91, P= .043, hP2=0.12), DSI (F=4.56, P= .032, hP2=0.15), QOL (F=6.14, P= .021, hP2=0.17), and 6-MWT
(F=9.34, P= .028, hP2=0.16). Within-group analysis showed a significant improvement in the IMT group (FVC%, P= .047, FEV1%,
P= .039, DSI,P= .001, QOL,P< .001, and 6-MWT, P< .001), whereas the control group displayed nonsignificant changes (P> .05).

Conclusions. A 2-week IMT improves pulmonary functions, dyspnea, functional performance, and QOL in recovered intensive
care unit (ICU) COVID-19 patients after consecutive weaning from mechanical ventilation. IMT program should be encouraged in the
COVID-19 management protocol, specifically with ICU patients.

Abbreviations: COPD = chronic obstructive pulmonary disease, DSI = dyspnea severity index, EQ-5D-3L = EuroQuality-5-
dimensions-3-levels, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, ICU = intensive care unit, IMT =
inspiratory muscle training, MIP = maximal inspiratory pressure, 6-MWT = six-minute walk test, QOL = quality of life.
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1. Introduction

Recently, in December 2019, a novel pandemic viral disease is
known as a coronavirus (COVID-19), which has been occurred
in China[1] and widespread worldwide to become a global
pandemic disease.[2] Generally, COVID-19 is identified as an
acute discovered disorder and could be fatal. The onset of severe
diseases may lead to death because of substantial damage to lung
alveoli and a massive failure of the respiratory system to conduct
its functional gas exchange.[3]

Xu et al,[4] 2020 have reported the pathological characters of a
dead patient of severe respiratory failure and severe infection
through carrying out biopsy postmortem with aiming to find safe
and efficient clinical approaches to prevent the progression of this
disease. They have documented that the dead patient was
suffering from fever, cough, chills, severe inflammation with a
progressive infiltrating and diffusing grid shadows in the lungs
followed by severe hypoxia, shortness of breathing, and cardiac
arrest ending by death. Regrettably, this case continually
repudiated to conduct a ventilator tool in the intensive care unit
(ICU) as he experienced claustrophobia.[4]

COVID-19 patients are suffering from a severe pneumonia,
developed ARDS, and markedly require admission to ICU and
oxygen support. A very short time was observed between
hospitalization and ARDS.[5]

Mechanical ventilation is considered the commonest modality
of saving lives in the ICU and is the cornerstone of the traditional
intervention of respiratory failure. Although it provides many
benefits, it could lead to several respiratory and systemic
complications[6] that cause prolonged hospitalization, increased
morbidity, and mortality rates.[7]

Respiratory muscle dysfunction is an important issue following a
long duration of mechanical ventilation. Respiratory muscle
weakness is approximately 2-fold of extremity muscles weakness
following 1 day of mechanical ventilation.[8] In addition, myo-
trauma could occur subsequent to under assistance mode of
mechanical ventilation,[9] whereas respiratory muscle weakness
could occur subsequent to over assistance mode of mechanical
ventilation.[10] Consequently, weakness of inspiratory muscles
occurs followingmechanical ventilation, irrespective to the provided
mechanical ventilation mode. In addition, sepsis, muscle immobili-
zation, and steroids contribute to ICU acquired weakness.[11]

Several previous studies explained that inspiratory muscle
training (IMT) is a feasible and safe modality in ICU
patients.[12,13] In addition, a recent study approved that IMT
may enhance respiratory muscle strength and improves aerobic
capacity among patients with respiratory muscle weakness.[14] In
addition, previous systematic reviews documented that IMTmay
improve inspiratory muscle strength and endurance, and
diminishes dyspnea.[15–17]

Rare studies evaluated the effects of IMT on COVID-19
subsequent to mechanically ventilated patients. Therefore, our
present study aims to assess the efficacy of IMT on COVID-19
following mechanical ventilation hypothesizing that IMT could
improve pulmonary functions, dyspnea index, and quality of life
(QOL) in COVID patients after mechanical ventilation.
2. Materials and methods

2.1. Study design and ethics

This study was a prospective pilot clinical study. It was ethically
approved by the local Ethics Committee of the Department of
2

Health and Rehabilitation Sciences at Prince Sattam bin
Abdulaziz University (RHPT/020/050) consistent with ethical
guidelines and standards of the Helsinki Declaration 1964.
2.2. Subjects

Forty-two recovered COVID-19 patients (33 men and 9 women)
weaned from mechanical ventilation with a mean age of 48.05±
8.85yearswere enrolled in the study. Theywere recruited in the ICU
at King Khalid Hospital, Al-Kharj, Saudi Arabia. Twenty-one
patients were equipped to 2-week IMT (study group) and 21 age-
matched peers were recruited as a control (control group) as
demonstrated in theflowdiagramof the study (Fig. 1). The inclusion
criteria of the studywere negativeCOVID, hemodynamically stable,
respiratory rate <25breath/min, negative inspiratory force <�25
cm H2O, minute ventilation <10L/min, oxygen tension (PO2)/
fraction of inspired oxygen (FIO2) >200.[18] The patients were
excluded from the study if they have neurological, neuromuscular,
andmusculoskeletal limitations, cognitive dysfunction, end-stage of
chronic diseases, and body mass index (BMI) >35kg/m2. All
patients were instructed to sign a written informed consent after
explanation about the details of the study procedures.

2.3. Intervention

Both IMT and control groups have conducted an incentive
spirometer exercise. After weaning from MV, each patient was
instructed to perform incentive breathing exercise in a relaxed
sitting position 2 times daily for 2 following weeks.
The IMT group has received a program of IMT using a

threshold inspiratory muscle trainer (Respironics, Cedar Grove,
NJ), 2 sessions daily, 5days a week for 2 consecutive weeks. Each
session has consisted of 6 inspiratory cycles; each cycle has
remained around 5min of resisted inspiration, followed by 60-
second rest time intending to improve inspiratory muscle
strength. At the fifth and sixth cycle, each patient was instructed
to breath regularly as much as possible in tending to improve
inspiratory muscle fitness. The inspiratory threshold was
controlled by a device loading valve that provided a threshold
load with 50% of the maximal inspiratory pressure (MIP).
2.4. Outcome measures

Pulmonary function test (PFT), dyspnea severity index (DSI),
QOL questionnaire, and functional performance were assessed
initially before starting the study intervention and immediately
after 2-week IMT by a blinded experienced examiner who was
not included in the study intervention.
2.5. Assessment pulmonary function test

PFT was conducted by a blind well-trained technician for
assessing the predicted values of forced vital capacity (FVC) and
forced expiratory volume in 1second (FEV1) using A Portable
Digital Spirometer (Contec Medical Systems Co., Ltd., China).
Each patient has conducted the PFT in a standing position and
has been instructed to tightly close their lips on the mouthpiece,
use a malleable nose caliper, and normally breathe in and out a
number of times. Subsequently, each patient has been instructed
to slowly breathe-in as deep as possible and followed by vigorous
breathe out. The PFT has been repeated 3 times and the highest
predicted value was recorded.[19]



Assessed for eligibility (n= 55)

Excluded (n=13)
♦ Not meeting inclusion criteria (n=6)
♦ Declined to participate (n=7)
♦ Other reasons (n=0)

Analysed (n=21)
♦ Excluded from analysis (n=0)

Lost to follow-up (n=0)

Discontinued IMT (n=0)

Allocated to IMT (n= 21)
♦ Received allocated IMT (n=21)
♦ Did not receive allocated IMT (n=0)

Lost to follow-up (n=0)

Discontinued Controls (n=0)

Allocated to Controls (n=21)
♦ Received allocated Controls (n=21)
♦ Did not receive allocated Controls (n=0)

Analysed (n=21)
♦ Excluded from analysis (n=0)

Allocation

Analysis

2-wk Follow-Up

Assigned (n=42)

Enrollment

Figure 1. The CONSORT flow diagram of the study.
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2.6. Dyspnea severity index

A validated and reliable Arabic 12-item DSI questionnaire was
used to assess dyspnea. Each item is scored 0 to 3; 0=none
and3= severe and total score ranged from 0 to 36; 0 means no
breathlessness and 36 means maximum severity.[20,21]

2.7. Quality of life

QOL was assessed utilizing a valid and reliable EuroQuality-
5Dimensions-3Levels (EQ-5D-3L) questionnaire.[22] It is a valid
instrument to assess different QOL domains involving self-care,
mobility, anxiety/depression, pain/discomfort, and usual activity.
Each domain represents 3-level scores; no problems, mild/moderate
problems, and severe problems. The EQ-5D-3L responses were
represented as a score ranged from 0 to 100, 0 represents the worst
intelligible health status and 100 represent the best intelligible health
status. Each patient was instructed to provide the score based on the
health status during the assessment.[23]

2.8. Assessment of functional capacity

The functional capacity was assessed by a six-minute walk test (6-
MWT). It is a valid and simple tool that objectively used to assess
3

the physical functional capacity in patients experiencing
respiratory disorders.[24]
2.9. Statistical analysis

All data were analyzed using Stata V. 15.1 software (Stata Corp.,
College Station, TX) in form of mean ± standard deviation (SD).
The data were checked for normal distribution by the Shapiro-
Wilk test. Data were analyzed based on a 2-way repeated analysis
of variance (ANOVA) “F-test” analysis method to determine the
differences between the 2 groups with group � time interactions.
The partial eta-squared (h2P

2
) effect size was calculated to assess

the differences between and within IMT and control groups. The
pre-post changes within groups were calculated using paired t-
test where ANOVAwas significant. The significance level was set
at P< .05 for all outcome measures.
3. Results

Between July and October 2020, of 55 recovered COVID-19
patients after weaning from mechanical ventilation, 42 have
completed the study program. Six patients did not meet the

http://www.md-journal.com


Table 2

Before and after-intervention changeswithin and between groups.

Group � time interaction

Measures
IMT group
(n=21)

Control group
(n=21) P hP2

FVC, % predicted
Before 78.7±13.5 77.2±12.6 .041 0.13
After 84.2±10.3 76.8±11.7
P .047 .754

FEV1, % predicted
Before 76.2±12.7 75.4±12.2 .043 0.12
After 83.7±10.5 75.1±12.4
P .039 .871

DSI
Before 18.5±4.3 17.8±5.1 .032 0.15
After 14.2±3.5 17.1±4.8
P .001 .621

Eq-5D-3L, total score
Before 38.6±5.8 40.7±6.2 .021 0.17
After 59.4±8.3 43.3±6.5
P <.001 .173

6-MWT, min
Before 332.6±34.5 329.7±37.8 .028 0.16
After 376.5±39.4 334.8±38.2
P <.001 .624

6-MWT= six-minute walk test, DSI=dyspnea severity index, EQ-5D-3L=EuroQuality–5-dimensions-
3-levels, FEV1= forced expiratory volume in 1 second, FVC= forced vital capacity, IMT= inspiratory
muscle training. hP2=0.01 considered “small,” 0.09 “medium,” and 0.25 “large” effect-sized
differences between groups.
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inclusion criteria and 7 patients refused to participate in the
study. This pilot control clinical study has included 2 groups of
recovered COVID-19 patients; the IMT group (n=21), com-
prised 17 men and 4 women, and same number of age-matched
peers regarding sex, BMI, mechanical ventilation duration,
severity of the disease, and medications as a control group (n=
21, 16 men and 5 women). As displayed in Table 1, nonsignifi-
cant differences were detected between the 2 groups regarding the
initial characteristics (sex, P= .707, age, P= .856, BMI, P= .634,
duration of mechanical ventilation, P= .872, acute physiology
and chronic health evaluation II score, P= .614, oxygen tension
[PO2]/fraction of inspired oxygen [FIO2] ratio, P= .553, and
medications, P> .05).
As displayed in Table 2, the mixed ANOVA test showed

significant “group � time” interactions regarding predicted
values of PFT in favor of the IMT group, FVC% (F=5.31,
P= .041, hP2=0.13) and FEV1% (F=4.91, P= .043, hP2=
0.12). Analyzing the PFT within each group, the IMT group
displayed significant improvements in FVC% and FEV1%
(P= .047, P= .039, respectively); however, the control group
showed nonsignificant changes (FVC%, P= .754 and FEV1%,
P= .871). Regarding the DSI, there was a significant “group �
time” interaction supporting the favorable improvement in the
IMT group (F=4.56, P= .032, hP2=0.15), whereas, analysis
within groups demonstrated a significant reduction after
intervention in the IMT group (P= .001) and nonsignificant
changes in the controls (P= .621). Analysis of the total score of
the EQ-5D-3L showed a significant “group � time” interaction
with more advantageous to the IMT group (F=6.14, P= .021,
hP2=0.17), whereas within-group analysis showed a significant
improvement in the IMT group (P< .001) and statistical
nonsignificant changes in the controls (P= .173). For the 6-
MWT, a statistical analysis detected a significant group � time
interaction (F=9.34, P= .028, hP2=0.16) in favor of the IMT
group. Analyzing within-group changes, the IMT group showed
a significant increase after the intervention (P< .001), whereas
controls showed nonsignificant changes (P= .624).
Table 1

Initial characteristics of the participants.

Characteristics
IMT group
(n=21)

Control group
(n=21) P

Sex, M/F 17 (80.9)/4 (19.1) 16 (76.2)/5 (23.8) .707
Age, yr 48.3±8.5 47.8±9.2 .856
BMI, kg/m2 28.5±3.8 27.9±4.3 .634
Respiratory rate breaths/min 22.2±2.3 21.7±1.9 .447
Duration of MV, d 13.3±7.6 12.9±8.4 .872
APACHE II score at ICU admission 8.2±2.4 8.6±2.7 .614
P/F ratio n (%) before MV
Mild 0 (0) 0 (0) .553
Moderate 10 (47.6) 8 (38.1)
Severe 11 (52.4) 13 (61.9)

Medications n (%)
Corticosteroids 14 (66.6) 16 (76.2) .494
Muscle relaxant 21 (100) 21 (100) 1.000
Sedatives 21 (100) 21 (100) 1.000

Continuous variables are presented as mean± standard deviation; categorical variables are presented
as frequency (percentage).
APACHE=acute physiology and chronic health evaluation, BMI=body mass index, F= females,
ICU= intensive care unit, IMT= inspiratory muscle training, M=males, MV=Mechanical ventilation,
P/F= oxygen tension (PO2)/ fraction of inspired oxygen (FIO2).
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4. Discussion

Themain objective of the current study was to examine the effects
of IMT on COVID-19 after mechanical ventilation hypothesizing
that IMT could improve pulmonary functions, dyspnea, and
QOL in COVID patients following the weaning from mechanical
ventilation. The main findings of the study showed that FVC,
FEV1, DSI, and QOL have improved significantly following 2-
week IMT that confirm our hypothesis.
During mechanical ventilation, diaphragm muscle is being

limited in mobility that leads to prompt onset of impaired
functions of respiratory muscles[10] and could be aggravated by
other elements including the patient’s age, controlled mode of the
ventilator, prolonged mechanical ventilation, malnutrition, and
some medical interventions such as muscle relaxants and
corticosteroids.[25] Therefore, new conservative strategies are
required to promote and restore respiratory muscle functions.
Clinically, IMT has displayed valuable and significant

improvements in impaired inspiratory muscle functions in
patients suffering from asthma, chronic obstructive pulmonary
disease (COPD),[26] and impaired diaphragmatic function.[27]

The current study results showed significant improvements in the
assessed variables following a 2-week IMT following the weaning
from mechanical ventilation.
This is consistent with prior researches on the IMT in patients

during mechanical ventilation and reported that IMT improved
an MIP and reduced the time of weaning.[28,29] It is likely that
some of the seeming improvements might be associated with
learning influences assumed likeness of the IMT program and
maximum inspiratory pressure Assessment maneuver. Patients
admitted in ICU are liable to brisk skeletal and respiratory muscle
wasting after short period and improved within few days
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following a proper IMT protocol despite few patients responds
more to the intervention than others.[29]

Like our current study results previous study reported that
pulmonary functions have improved following IMT exercise.
Patients examined in this document have been admitted to ICU.
Similar medications to this prior study, COVID-19 patients have
received corticosteroid in their management.[30] In addition, El-
Deen et al,[31] 2018 found that IMT is a beneficial interventional
modality to improve FVC% and FEV1% in hemodialytic
patients. Furthermore, Leelarungrayub et al,[32] 2017 docu-
mented that IMT improves FVC%, FEV1%, QOL, and dyspnea
score in patients with COPD. Moreover, a recent systematic
review by Wang et al,[33] has demonstrated that IMT may
enhance pulmonary functions, respiratory muscle performance in
patients with spinal cord injuries.
EQ-5D-3L has significantly improved following 2-week IMT

in recovered COVID-19 patients after weaning from mechanical
ventilation compared with control group. It is a valuable clinical
outcome in those patients who fights with a low score of QOL
after weaning. The Euro-QOL has been accepted to assess the
QOL in ICU patients.[34] Similarly, Bisset et al,[12] 2016
concluded that IMT after consecutive weaning from mechanical
ventilation improves QOL using a validated and reliable EQ-5D-
3L tool.
It was observed that 6-MWT and DSI have significantly

improved following IMT. These results were supported by a prior
review which explained that IMT could improve respiratory
muscle function, functional performance, dyspnea, and QOL in
patients experiencing COPD.[35]

This pilot current study provides important strength points. It
is the first study to assess the therapeutic value of 2-week IMT
after weaning mechanical ventilated COVID-19 patients. We
observed that the IMT group was strongly satisfied to complete
IMT sessions regularly as they were feeling better status from
session to session. This study has assessed various clinical
measures including pulmonary functions, DSI, QOL, and 6-
MWT in recovered ICU COVID-19 patients after consecutive
weaning from mechanical ventilation.
In contrast, there are some limitations have been included in

the study. This study selected the study patients depending on
their availability rather than the calculation of the sample size
and power analysis. Also, the 2-week IMT was a short period to
provide complete results; however, the given outcomes indicate
the safe and valuable effects of the IMT in recovered COVID-19
patients. One more limitation, the study is not a randomized
controlled group for ethical considerations. Finally, the study
has limited follow-up observation. Randomized controlled
studies are needed with a larger number of patients and longer
duration with follow-up observation. In addition, IMT should
be started early during mechanical ventilation to avoid the
complication of interventional medications and mechanical
ventilation.
5. Conclusions

Along with the outcomes of the stud, 2-week IMT improves
pulmonary functions, dyspnea, functional performance, and
QOL in recovered ICU COVID-19 patients after consecutive
weaning from mechanical ventilation. IMT program should be
encouraged to be included in the COVID-19 management
protocol, specifically with ICU patients.
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