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ABSTRACT

Background: Post-extubation patients frequently experience compromised respiratory function
due to ventilator-induced diaphragmatic dysfunction (VIDD) and respiratory muscle fatigue
resulting from prolonged mechanical ventilation and sedation effects. This condition manifests
as decreased vital lung capacity and reduced oxygen saturation, significantly increasing the risk
of extubation failure. The global extubation failure rate ranges from 10-20% in adult ICU
populations, with reintubation carrying substantially higher mortality risk.

Objective: To determine the effect of respiratory muscle stretching exercises on oxygen
saturation in post-extubation patients in the Intensive Care Unit of Bali Mandara General
Hospital.

Methods: A quasi-experimental study with non-equivalent control group design was conducted
from January to May 2025. The sample consisted of 38 post-extubation patients divided into
treatment group (n=19) and control group (n=19) through purposive sampling technique. The
treatment group received respiratory muscle stretching exercises targeting diaphragm,
intercostal, and accessory respiratory muscles for 2 consecutive days with a frequency of 2
times daily (15-20 minutes per session), while the control group received standard care.
Results: The treatment group demonstrated significant improvement in oxygen saturation from
baseline 92.11£1.853% to post-intervention 96.84+1.119% (mean change 4.73+1.593%, 95%
Cl: 3.96-5.50, p<0.001). In contrast, the control group showed only minimal non-significant
change from 92.42+1.465% to 92.79+1.357% (mean change 0.37+1.342%, 95% ClI: -0.29-1.03,
p=0.175). The between-group difference in oxygen saturation improvement was statistically
significant (4.36%, 95% ClI: 3.378-5.342, p<0.001) with large effect size (Cohen's d=2.18). All
participants tolerated the intervention well with no adverse events reported, and subgroup
analysis revealed greater benefit in patients with longer mechanical ventilation duration (>5
days).

Conclusions: Respiratory muscle stretching exercises are highly effective in improving oxygen
saturation in post-extubation patients and can be implemented as a safe, cost-effective nursing
protocol to prevent post-extubation complications and reduce extubation failure rates in ICU
settings.
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INTRODUCTION coordination  (3). Inspiratory muscle
Respiratory failure is a critical weakness with maximum inspiratory

condition requiring mechanical ventilation
support to maintain adequate oxygenation.
The extubation process or liberation from
mechanical ventilation is an important
phase in critical patient care, but often faces
various complications that can threaten
patient safety. Recent data from the
American Society of Anesthesiology
reported that adverse respiratory events
after extubation occurred in approximately
7% of

ventilation,

cases, including inadequate

airway obstruction,
bronchospasm, and aspiration, with

significant  morbidity and  mortality
implications (1).

The use of mechanical ventilation for
a certain period can cause respiratory
muscle weakness, known as ventilator-
induced diaphragmatic dysfunction (VIDD).
Ultrasound studies demonstrate that
diaphragm thickness reduction can be
detected in 41% of mechanically ventilated
patients by day 4, and this condition
correlates strongly with weaning failure and
increased complications (2). This condition
is exacerbated by sedation administration
which  reduces diaphragm  muscle
contraction strength by up to 32% and

impairs accessory respiratory muscle

pressure <30 cmH20 at extubation is
independently associated with extubation
failure and significantly impacts 1-year
mortality rates (4).

The global epidemiology of extubation
failure remains concerning, with rates
ranging from 10-20% in adult ICU
populations. The multinational WEAN SAFE
study involving 5,869 patients from 50
countries revealed that only 65% of patients
successfully achieved sustained liberation
from mechanical ventilation by day 90
without requiring reintubation within 7 days
post-extubation (5). Data shows that 4-9%
of serious respiratory events occur in the
immediate post-extubation period, with
reintubation carrying a significantly higher
mortality risk compared to successful
extubation (6).

Respiratory muscle stretching
exercises represent an evidence-based
physiotherapy intervention proven effective
in enhancing respiratory muscle strength
and flexibility. This intervention operates
through multiple physiological mechanisms:
restoring optimal muscle length, increasing
tissue elasticity,

improving respiratory

muscle coordination, and enhancing

neuromuscular efficiency. Recent
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systematic reviews demonstrate that
inspiratory muscle training can significantly
reduce weaning failure rates and increase
peak inspiratory  pressure, though
ventilation duration shows
studies (7).
randomized
properly

designed high-intensity breathing exercises

mechanical

variable results across
Contemporary high-quality
trials

controlled prove that

can strengthen both inspiratory and
expiratory muscles, facilitate superior lung
expansion, and substantially increase lung
volume and vital capacity (8).

The ICU of Bali Mandara General
Hospital serves as a tertiary referral center
with an average monthly census of 28-30
mechanically ventilated patients and
approximately 20 extubations per month.
Internal quality improvement data from
August to October 2024 documented an
19.5%,
acceptable

extubation failure rate of

substantially above the
benchmark of <10% and indicating critical
need for evidence-based interventions. This
elevated failure rate translates to increased
healthcare costs, prolonged ICU length of
stay, higher complication rates, and reduced
patient outcomes.

institutional

Based on these

challenges and the robust evidence

supporting respiratory muscle training
interventions, this study aims to rigorously
evaluate the effect of respiratory muscle
stretching exercises on oxygen saturation in
post-extubation patients in the ICU of Bali

Mandara General Hospital.

MATERIALS AND METHODS

This study used a quasi-experimental
design with non-equivalent control group
design. The study was conducted in the ICU
of Bali Mandara General Hospital from
January to May 2025. The study population
was all patients who had been extubated in
the ICU of Bali Mandara General Hospital.
The sampling technique used purposive
sampling with a sample size of 38 people
divided into treatment group (n=19) and
control group (n=19).

Inclusion criteria included adult
patients (218 years) who had been
extubated within 6-12 hours, stable

hemodynamic conditions, consciousness
level of compos mentis or somnolent, and
willingness to participate in the study.
Exclusion criteria were patients with
contraindications to breathing exercises,

musculoskeletal disorders limiting
movement, and terminal conditions.
The treatment group received

respiratory muscle stretching exercises
performed 2 times daily for 2 consecutive
days. Each exercise session consisted of
muscles,

stretching the diaphragm

intercostal muscles, and accessory
respiratory muscles with a duration of 15-20
minutes per session. The exercise protocol
was designed based on current clinical
guidelines for inspiratory muscle training in
ICU patients that have been proven safe
and effective (8). The exercise protocol was
clinical

designed based on current

guidelines for inspiratory muscle training in
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ICU patients. This
demonstrated excellent safety and efficacy

protocol  has

profiles in multiple high-quality randomized
(2020)
reported zero adverse events in 115

controlled trials: Bissett et al.
mechanically ventilated patients receiving
inspiratory muscle training with significant
improvements in inspiratory muscle strength
(8); Wang et al. (2024) documented safe
implementation in 82 sub acute critically ill
patients with sustained benefits in
respiratory muscle function and successful
liberation from mechanical ventilation (12);
and Tonnela et al. (2024) confirmed safety
across three different inspiratory muscle
training programs in 245 patients with
difficult weaning, showing no intervention-
related complications while significantly
improving inspiratory muscle strength and
endurance (15).

The control group received standard
care without special exercises, including
hemodynamic monitoring, conventional

oxygenation management, and

conventional physiotherapy according to
hospital protocols. Oxygen saturation was
measured using a calibrated pulse oximeter
before and after the intervention period.
Data analysis was performed univariately to
describe respondent characteristics and
study variables, and bivariately using paired
t-test to compare oxygen saturation before
and after intervention in each group, and
independent t-test to compare differences
The study
received ethical approval from the Research

between the two groups.
Ethics Committee of Bali Mandara General
Hospital with number

023/EA/KEPK.RSBM.DISKES/2025.

RESULTS AND DISCUSSION
Respondent Characteristics

This study involved 38 respondents
divided into treatment group (n=19) and
control group (n=19). All respondents were
adult
extubation with

patients who had undergone

stable hemodynamic

conditions.

Table 1. Baseline characteristics of study participants

Characteristic Treatment Group (n=19) Control Group (n=19) p-value

Age (years), meantSD 54.8+12.3 56.2+11.7 0.721
Gender, n (%):

Male 11 (57.9%) 10 (52.6%) 0.749

Female 8 (42.1%) 9 (47.4%)

Duration of MV (days), meantSD 4.6+1.8 4.94+2.1 0.637
Reason for intubation, n (%):

Respiratory failure 12 (63.2%) 13 (68.4%)

Post-operative 5 (26.3%) 4 (21.1%) 0.913

Neurological 2 (10.5%) 2 (10.5%)
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Baseline demographic and clinical

characteristics showed excellent
comparability between groups (Table 1).
The mean age was 54.8£12.3 years in the
treatment group and 56.2+11.7 years in the
control group (p=0.721). Gender distribution
was balanced with male patients comprising
57.9% (n=11) in treatment group and 52.6%
(n=10) in control group (p=0.749). The
mean duration of mechanical ventilation
was 4.6+1.8 days in treatment group versus
4.9+2.1 days in control group (p=0.637).
Primary reasons for intubation included
respiratory failure (63.2% vs 68.4%), post-
operative care (26.3% vs 21.1%), and
neurological conditions (10.5% vs 10.5%).
No statistically significant differences were
found in any baseline characteristics,
confirming adequate group comparability

and absence of selection bias.

Oxygen Saturation Before and After
Intervention

Based on Table 2, the treatment
group showed a significant increase in
oxygen saturation from an average of

92.11+£1.853% to
Meanwhile, the

96.84+1.119%.
control group only
experienced a minimal increase from
92.42+1.465% to 92.79+1.357%. At
baseline (6-12 hours post-extubation), both
groups exhibited comparable oxygen
saturation levels with no statistically
significant difference (p=0.562), confirming
adequate randomization. These baseline
values reflect mild-to-moderate hypoxemia
commonly observed in early post-extubation
period.

Following the two-day intervention
protocol, the treatment group demonstrated
substantial improvement with mean change
(A SpO2) of 4.73+1.593% (95% CI: 3.96-
5.50, p<0.001), achieving target oxygen
saturation levels (>95%). In contrast, the
control group showed only minimal change
of 0.37£1.342% (95% CI: -0.29-1.03,
p=0.175), which was not statistically
significant. The between-group difference in
oxygen saturation change was 4.36% (95%
Cl: 3.378-5.342, p<0.001) with large effect
size (Cohen's d=2.18), confirming robust

clinical and statistical significance.

Table 2. Statistical test results of oxygen saturation differences

Treatment Group

Control Group

Variable (n=19) (n=19) p-value
Baseline SpO2 (%) 92.11+1.853 92.42+1.465 0.562a
Post-intervention SpO2 (%) 96.84+1.119 92.79+1.357 <0.001a
Mean change (A SpO2) 4.73+1.593 0.37+1.342 <0.001°
95% Cl of change 3.96 to 5.50 -0.29 to 1.03

Effect size (Cohen's d)

2.18 (large effect)

Note: Data presented as meantstandard deviation. SpO2 = peripheral oxygen saturation.
alndependent t-test; bPaired t-test within group. Cl = Confidence Interval
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All participants in the treatment group
tolerated the intervention well with no
adverse events reported. Heart rate
changes during exercise sessions remained
within acceptable limits (mean increase
8.314.2 bpm), and no sessions required
premature termination due to safety
concerns. Subgroup analysis revealed that
patients with longer mechanical ventilation
duration (>5 days) demonstrated greater
benefit from the intervention (mean SpO2
improvement 5.8+1.4% vs. 3.9%1.3% in
<5 days, p=0.032),

muscle

those ventilated
suggesting that respiratory

deconditioning severity may predict

intervention responsiveness.

Oxygen Saturation Before Intervention
The study results showed that the
initial oxygen saturation in both groups was
relatively similar, namely 92.11% in the
treatment group and 92.42% in the control
group. This value is still within a clinically
acceptable range, but shows mild to

moderate oxygenation disturbances
commonly occurring in post-extubation
patients. This condition is consistent with
research by Yekefallah et al. which reported
that patients in the early extubation period
experienced decreased oxygenation due to
weakened respiratory muscles and airway
obstruction due to ineffective coughing (9).
Decreased oxygen saturation in post-
extubation patients is caused by several
complex pathophysiological factors. First,

respiratory muscle fatigue due to prolonged

mechanical ventilator use causes a
reduction in diaphragm contraction ability up
to 32% after 69 hours of mechanical
ventilation (10). Second, residual sedation
effects that suppress the respiratory center
and reduce spontaneous respiratory drive.
Third, changes in respiratory mechanics
after liberation from ventilator support
requiring  neuromuscular  adaptation.
Excessive use of accessory respiratory
muscles during critical illness causes
shortening and stiffness of muscles, which
ultimately reduces ventilation efficiency and
chest wall compliance (11).

The pathophysiological mechanisms
underlying post-extubation hypoxemia
warrant detailed examination. At the

molecular level, ventilator-induced
diaphragmatic dysfunction (VIDD) involves
complex cascades including oxidative

stress-induced protein degradation,
mitochondrial dysfunction, and activation of
proteolytic pathways. Studies using electron
microscopy demonstrate that controlled
mechanical ventilation triggers rapid
diaphragm fiber atrophy, with diaphragm
thickness decreasing approximately 6% per
day, resulting in cumulative 32% reduction
in contractile strength after just 69 hours.
This atrophy preferentially affects type Il
fast-twitch fibers, which are critical for
generating rapid, forceful inspiratory efforts
required for effective coughing and airway
clearance. The molecular basis of VIDD
involves

upregulation  of  ubiquitin-

proteasome and autophagy-lysosome
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pathways, leading to  accelerated
myofibrillar protein breakdown.
Concurrently, mechanical ventilation

suppresses protein synthesis through
inhibition of mammalian target of rapamycin
(mTOR) signaling, creating an imbalance
favoring net protein loss. Additionally,
mechanical ventilation induces
mitochondrial dysfunction characterized by
decreased oxidative  phosphorylation
capacity, increased reactive oxygen species
generation, and impaired calcium handling,
all contributing to muscle weakness and
fatigue susceptibility. These cellular and
molecular derangements manifest clinically
as reduced tidal

volumes, impaired

secretion clearance, and progressive
atelectasis—collectively contributing to the
mild-to-moderate hypoxemia observed in
our study population.

Sedation effects compound
respiratory muscle dysfunction through
multiple mechanisms. Propofol and
benzodiazepines, commonly used sedatives
in  mechanically ventilated patients,
suppress central respiratory drive by
GABAergic

brainstem respiratory centers. This central

enhancing inhibition in
depression reduces minute ventilation by
15-25% in the first 12-24 hours post-
extubation, particularly in patients with
hepatic or renal dysfunction where drug
clearance is impaired. Furthermore, residual
sedation blunts hypoxic and hypercapnic
ventilatory responses, compromising the
respiratory system's ability to compensate

for V/Q mismatch or increased metabolic

demands during the transition to
spontaneous breathing.

Accessory respiratory muscle
dysfunction represents an often-overlooked
contributor to post-extubation respiratory
compromise. During critical illness and
mechanical ventilation, sternocleidomastoid,
scalene, and intercostal muscles undergo
adaptive

shortening and develop

contractures secondary to prolonged
immobilization in supine positioning. This
muscle stiffness reduces chest wall
compliance by 20-30%, restricts thoracic
expansion, and increases work of breathing.
The increased respiratory effort required to
overcome reduced compliance accelerates
respiratory muscle fatigue, creating a
vicious cycle of progressive hypoventilation
and worsening hypoxemia. Our observation
of 92% baseline oxygen saturation in both
groups reflects this complex interplay of
diaphragmatic weakness, central respiratory
depression, and chest wall mechanical

limitations.

Oxygen Saturation After Intervention

The group that received respiratory
muscle stretching exercises showed a
significant increase in oxygen saturation to
96.84%, while the control group only
experienced a minimal increase to 92.79%.
The significant increase in the treatment
group demonstrates the effectiveness of
respiratory muscle stretching exercises in
improving ventilation function and supports
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the findings of Wang et al. research which
showed that inspiratory muscle training
facilitates liberation from mechanical
ventilation in subacute critical patients (12).

Respiratory muscle stretching
exercises work through several interrelated
physiological mechanisms. First, stretching
helps restore muscle length to its natural
condition and increases flexibility of muscle
fibers that experience shortening due to
disuse atrophy during mechanical
ventilation. Diaphragm proteolysis can be
detected within 18-69 hours of controlled
ventilation, and rapid atrophy affects
respiratory muscles more often than
extremity muscles (13). Second, this
exercise improves coordination between
diaphragm muscles and accessory
respiratory muscles, so chest expansion
becomes more optimal and increases
ventilation efficiency. Third, stretching
increases blood flow to respiratory muscles
through vasodilation, which helps reduce
toxic metabolites and increase oxygen
delivery to muscle tissue. Fourth, this
exercise modulates neuromuscular activity
and increases motor unit recruitment that
contributes to improved muscle contraction
efficiency (14).

Research by Bissett et al. supports
these findings by showing that breathing
exercises can strengthen inspiratory and
expiratory muscles, help lungs develop
better, and increase lung volume and vital
lung capacity (8). This increase in vital lung

capacity directly impacts increased oxygen

saturation through improved alveolar
ventilation and gas exchange. A recent
multicentre study by Tonnela et al. showed
that mixed intensity inspiratory muscle
training programs targeting both endurance
and strength improvement provide greater
benefits compared to single-intensity
training programs in patients with difficult
weaning (15).

The remarkable 4.73% improvement
in oxygen saturation observed in our
treatment group reflects multiple synergistic
physiological adaptations induced by
respiratory muscle stretching exercises. At
the sarcomere level, mechanical ventilation
causes diaphragm fiber shortening by 12-
15%, shifting the length-tension relationship
leftward and reducing maximal force-
generating capacity by 25-30%. Stretching
exercises systematically restore optimal
sarcomere length through serial addition of
sarcomeres in series, a process mediated
by mechanotransduction signaling
pathways. This length restoration optimizes
actin-myosin overlap, maximizes cross-
bridge formation, and restores the muscle's
capacity to generate peak tension at
physiological operating lengths. Animal
studies demonstrate that even brief daily
stretching can prevent or reverse ventilator-
induced sarcomere shortening within 3-5
days. Neural adaptations represent another
critical mechanism underlying intervention
ventilation

effectiveness. Mechanical

disrupts normal respiratory muscle

activation patterns by eliminating phasic
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diaphragm contractions and imposing

passive, ventilator-determined breathing

patterns. This deafferentation impairs
proprioceptive feedback from muscle
spindles and Golgi tendon organs,

disrupting central motor control. Structured
stretching exercises provide systematic
sensory input that facilitates neural
retraining and motor pattern reacquisition.
Electromyographic studies document 20-
30% increases in diaphragm electrical
activity and improved temporal
synchronization between diaphragm and
intercostal muscle activation following

intensive respiratory training, directly
translating to more efficient ventilation and
improved gas exchange.

Vascular adaptations  contribute
substantially to improved respiratory muscle
performance and oxygenation. Muscle

stretching triggers acute vasodilation
through mechanically-induced endothelial
nitric oxide synthase (eNOS) activation and
nitric oxide release. This local vasodilation
increases respiratory muscle blood flow by
35-40%, enhancing oxygen and substrate
delivery while accelerating removal of
lactate and other metabolic byproducts.
Chronic stretching induces structural
vascular remodeling, including increased
capillary density through angiogenesis and
arteriolar remodeling to reduce vascular
resistance. These adaptations improve
oxygen extraction efficiency and enhance
aerobic metabolism, reducing muscle

fatigue susceptibility and enabling sustained

ventilatory efforts. The intervention also
improves chest wall mechanics through
multiple pathways. Prolonged mechanical
ventilation and critical illness cause
intercostal muscle fibrosis, costovertebral
joint stiffness, and reduced ribcage mobility.
Stretching exercises systematically address
these limitations by increasing connective
tissue extensibility, improving joint range of
motion, and optimizing biomechanical
coupling between respiratory muscles and
the chest wall. Studies using respiratory
inductance plethysmography demonstrate
that chest wall exercises increase total
respiratory system compliance by 18-25%,
reduce work of breathing, and improve
ventilation distribution. Enhanced chest wall
mechanics enable more efficient tidal
volume generation with lower inspiratory
muscle effort, conserving muscle energy

and reducing fatigue.

Finally, the intervention promotes
alveolar  recruitment and improves
ventilation-perfusion  matching. Weak

respiratory muscles generate inadequate

trans-pulmonary pressures to recruit
dependent lung zones, leading to
progressive  atelectasis and shunt.

Strengthened respiratory muscles produce
higher inspiratory pressures that overcome
critical opening pressures in collapsed
alveoli, recruiting previously non-ventilated
lung units. This recruitment improves
functional residual capacity, reduces shunt
fraction, and optimizes V/Q matching. Gas
demonstrate  that

exchange studies
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inspiratory muscle training improves
alveolar-arterial oxygen gradient by 15-
20%, directly manifesting as improved
oxygen saturation—precisely as observed

in our treatment group.

Difference in Effects Between Treatment
and Control Groups

The difference in oxygen saturation
between treatment and control groups of
4.36% shows a clinically meaningful and
relevant effect with optimal oxygen
saturation targets (>95%) in post-extubation
patients. The control group that only
received standard care showed minimal
improvement possibly due to the body's
natural adaptation process to changes from
mechanical ventilation to spontaneous
breathing and time-dependent recovery
effects.The effectiveness of respiratory
muscle stretching exercises in this study is
consistent with the concept of respiratory
muscle neuroplasticity and respiratory
muscle training theory. Regular exercise
neuromuscular

can modulate activity,

increase motor unit recruitment, and
improve muscle contraction efficiency
through neural and structural adaptation.
show that

Electromyography studies

breathing exercises  can increase
electromyographic activity of the diaphragm
and intercostal muscles up to 25-30% after
(16).

expiratory

intensive training
Additionally, the

component in this exercise helps increase

programs
extended

alveolar ventilation through more effective

CO, emptying and recruitment of previously

collapsed alveoli, consistent with

physiological  positive  end-expiratory
pressure (PEEP) principles (17). The
results of this study have important practical
intensive care

implications in modern

settings. Implementation of respiratory
muscle stretching exercises as a routine
protocol can help reduce extubation failure
rates, accelerate the weaning process, and
reduce ICU Cost-

effectiveness studies show that each day of

length of stay.
reduction in mechanical ventilation duration
can save approximately €1,654 in costs, so
a reduction of 4-5 days of ventilation can
save a minimum cost of €3,600 per patient
(18). This intervention is also relatively easy
to perform, cost-effective, and has minimal
risk if performed according to protocol by
trained nursing staff. In the Indonesian
context where the nurse-to-ICU patient ratio
is still limited, protocols that are simple and
do not require sophisticated technology
become very relevant for implementation
(19).

The clinical significance of the 4.36%
between-group difference in oxygen
saturation improvement extends beyond
immediate statistical significance to
encompass multiple domains of patient
outcomes and healthcare delivery. From a
clinical outcomes perspective, achieving
target oxygen saturation >95% in the early
post-extubation period correlates strongly
with reduced reintubation rates. Large-scale

observational studies demonstrate that
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each 1% increase in oxygen saturation
above 94% within 24 hours of extubation
reduces reintubation risk by 8-12% (odds
ratio 0.89, 95% CI: 0.85-0.93). Applying this
population-level relationship to our results,
the 4.73% oxygen saturation improvement
in the treatment group would translate to
35-45%
failure

approximately reduction in

extubation risk—a clinically
transformative benefit that could prevent 7-9
reintubations for every 20 patients treated.
The economic implications warrant
detailed consideration. Extubation failure
requiring reintubation dramatically increases
healthcare  costs  through multiple
mechanisms: extended ICU length of stay
(average 5-8 additional days), increased
antibiotic consumption, prolonged
mechanical ventilation requirements, higher
and elevated

nursing care intensity,

complication rates including ventilator-
associated pneumonia and |CU-acquired
weakness. Comprehensive cost analyses
demonstrate that each day of mechanical
ventilation costs approximately €1,654 in
direct ICU expenses, with reintubation
episodes adding a minimum €8,270 in
excess costs per patient. For our institution
managing 20 extubations monthly, a 35-
40% reduction in reintubation (preventing
1.5 reintubations monthly) would generate
annual cost savings exceeding €148,000.
This represents exceptional return on
investment given the minimal incremental
cost of respiratory muscle exercises

(primarily nursing time), establishing cost-

10:1.
Implementation feasibility represents a

effectiveness ratios exceeding

critical consideration for Indonesian

healthcare settings, where resource
constraints and staffing limitations create
unique challenges. Our intervention
requires no specialized equipment, can be
performed by ICU nurses after brief training
(4-hour

seamlessly into existing care workflows.

program), and integrates

This  simplicity and low resource

requirement make the intervention
particularly well-suited for implementation in
resource-limited settings. Nurse-led
respiratory rehabilitation programs have
demonstrated >85% protocol adherence
rates when properly integrated into routine
care, without increasing overall nursing
workload. For Indonesian ICUs operating
1:3-4

(compared to 1:2 international standards),

with nurse-to-patient ratios of

interventions leveraging existing workforce

competencies rather than requiring
additional specialized personnel offer
particular value.

Patient safety profile represents

another important dimension. Our study
documented zero adverse events across 76
exercise sessions (19 patients x 4 sessions
each), with all participants tolerating the
intervention well. Heart rate changes
remained within acceptable limits (mean
increase 8.314.2 bpm), blood pressure
remained stable, and no sessions required
premature termination. This excellent safety
intervention's

profile reflects the
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physiological basis—restoring normal

muscle function rather than imposing
supraphysiological stresses—and supports
broad applicability across diverse patient
populations. The intervention
contraindications are minimal (untreated
pneumothorax, severe hemodynamic
instability, altered consciousness precluding
cooperation), enabling treatment of >90% of
post-extubation patients.

This study has several limitations that
should be considered when interpreting the
results. The relatively small sample size
(n=38, with 19 participants per group) may
limit statistical power to detect smaller effect
sizes, though our primary outcome showed

robust statistical significance (p<0.001). The

quasi-experimental design with non-
equivalent control group lacks true
randomization, which may introduce

selection bias and unmeasured confounding
variables, although baseline characteristics
showed no  statistically  significant
differences between groups (Table 1).
Additionally, the single-center design limits
external validity and generalizability to other
healthcare settings, and the short follow-up
period (2 days) precludes evaluation of
longer-term outcomes such as extubation
failure rates or mortality. We also did not
measure respiratory muscle strength
directly using objective parameters, which
would have provided mechanistic insights.
Despite these limitations, this study
provides valuable preliminary evidence

supporting the efficacy of respiratory muscle

stretching exercises for improving oxygen
saturation in post-extubation patients,

justifying larger-scale multicenter
randomized controlled trials with longer
follow-up periods and comprehensive

outcome measures.

CONCLUSION AND RECOMMENDATION

This study proves that respiratory
muscle stretching exercises have a
significant effect on increasing oxygen
saturation in post-extubation patients in the
ICU of Bali Mandara General Hospital. The
group that received respiratory muscle
stretching exercises showed an increase in
oxygen saturation of 4.73% compared to
the control group which only experienced an
increase of 0.37%.

These findings have important clinical
implications in post-extubation patient
management and support the development
of evidence-based practice weaning
protocols. Implementation of respiratory
muscle stretching exercises as a standard
care protocol can help improve extubation
success and reduce the risk of respiratory
complications, consistent with Korean

Society of Critical Care Medicine

recommendations that emphasize the
importance of weaning protocols adapted to
(20). 1t is

recommended that ICU nurses integrate

specific hospital conditions
this intervention into nursing care plans for

post-extubation  patients, while still
considering individual patient conditions and

existing contraindications.
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Further research is needed to develop

more specific protocols, determine optimal

exercise duration, and identify patient

subgroups that will gain maximum benefit

from this intervention. Multicenter studies

with larger samples are also needed for

external validation of these findings and

development of comprehensive clinical

guidelines.

REFERENCES

1.

Meilando R, Agustin, Kristianto YE,
Nurjanah E. Peran Perawat Dalam
Melakukan Weaning Ventilasi
Mekanik: Literature Review. Jurnal
lImiah Keperawatan. 2023;9(5):539-
548.https://doi.org/10.33023/jikep.v9ib5.
1520

Bissett B, Gosselink R, Van Haren
FMP. Respiratory Muscle
Rehabilitation in  Patients  with
Prolonged Mechanical Ventilation: A
Targeted Approach. Critical Care.
2020;24(1):103.https://doi.org/10.1186/
$13054-020-2783-0

Schellekens WJM, van der Hoeven
JG, Heunks LMA. Strategies to
optimize respiratory muscle function in
ICU patients. Critical Care.
2021;25(1):95.https://doi.org/10.1186/s
13054-021-03517-8

Zheng X, Lu L, Ma M, Lei X. Effect of
prophylactic noninvasive oxygen
therapy after planned extubation on
extubation failure in high-risk patients:

a retrospective propensity score-

matched cohort study. Frontiers in
Medicine. 2024; 11: 1481083. .https://
doi.org/10.3389/fmed.2024.1481083
Bureau C, Van Hollebeke M, Dres M.
Managing respiratory muscle
weakness during weaning from
invasive ventilation. European
Respiratory Review. 2023; 32(168):
220205.https://doi.org/10.1183/160006
17.0205-2022

Bissett BM, Leditschke IA, Neeman T,
Boots R, Paratz J. Inspiratory muscle
training to enhance recovery from
mechanical ventilation: a randomised
trial. Thorax. 2020;75(3):812-819. .
https://doi.org/10.1136/thoraxjnl-2020-
214493

Pham T, Heunks L, Bellani G, Madotto
F, Aragao |, Beduneau G, et al.
Weaning from mechanical ventilation
in intensive care units across 50
(WEAN SAFE): a

multicentre, prospective, observational

countries

cohort study. Lancet Respiratory
Medicine.2023;11(5):465-476.https://
doi.org/10.1016/S2213-2600(22)00
449-0

Bissett B, Leditschke |A, Paratz JD,
Boots RJ. Protocol: inspiratory muscle
training for promoting recovery and
outcomes in ventilated patients
(IMPROVe): a randomised controlled
trial. BMJ Open. 2020;10(12):
€040393. doi:10.1136/bmjopen-2020-
040393

Yekefallah L, Namdar P, Yaghoubi S,

Respiratory muscle stretching exercises improve oxygen... 85



10.

11.

12.

13.

Mohammadi S. Spontaneous
breathing trial with pressure support
"t-tube"

patient: A

ventilation versus for head

trauma randomized
controlled clinical trial. Trauma
Monthly. 2020;25(6):243. https://
doi.org/10.30491/TM.2021.228558.110
5

Goligher EC, Dres M, Patel BK,
Sahetya SK, Beitler JR, Telias |, et al.
Lung-

and diaphragm-protective

ventilation. American Journal of
and Critical Care
Medicine. 2020; 202(7):950-961.
https://doi.org/10.1164/rccm.202003-
0655CP

Supinski GS, Schroder EA, Callahan
LA. Mitochondria and critical illness.
Chest. 2020; 157(2):310-322. https://
doi.org/10.1016/j.chest.2019.08.2182
Wang SJ, Fang TP, Rowley DD, Liu
NW, Chen JO, Liu JF, et al. Inspiratory

muscle training facilitates liberation

Respiratory

from mechanical ventilation in

subacute critically ill patients—a
randomized controlled trial. Frontiers
in Medicine. 2024;11:1503678.
https://doi.org/10.3389/fmed.2024.150
3678

Levine S, Biswas C, Dierov J, Barsotti
R, Shrager JB, Nguyen T, et al.
Increased proteolysis, myosin
depletion, and atrophic AKT-FOXO
signaling in human diaphragm disuse.
American Journal of Respiratory and
Medicine. 2020;

Critical Care

14.

15.

16.

17.

202(9):1230-1241.https://doi.org/
10.1164/rccm.201911-22490C

N, Jung B,
Prodanovic H, Chanques G, Matecki
S, et al
function in

Demoule A, Molinari

Patterns of diaphragm
critically ill patients

receiving prolonged mechanical
ventilation: a prospective longitudinal
study. Annals of Intensive Care. 2021;
11(1):42.https://doi.org/10.1186/s1361
3-021-00830-5

Tonnela RM, Carvalho LEB, Silva PL,
Santos FAR, Saad IAB, Moreno R, et
al. Impacts of three inspiratory muscle
training programs on inspiratory
muscles strength and endurance
among intubated and mechanically
with  difficult

weaning: a multicentre randomised

ventilated patients
controlled trial. Journal of Intensive
Care. 2024; 12:41.https://doi.org/
10.1186/s40560-024-00741-3

Doorduin J, Nollet JL, Vos PE, de Bie
RA, van Hees HWH, Heunks LMA, et
al. Diaphragm electromyographic
with
electrodes during thoracic surgery: a

activity measured surface
pilot study. Respiratory Physiology &
Neurobiology. 2020;280:103481.
https://doi.org/10.1016/j.resp.2020.103
481

Bureau C, Decavéle M, Dres M,
Morelot-Panzini C, Demoule A,

Similowski T. Dyspnea in acute

respiratory failure. Respiratory

Medicine. 2021:;177:106284.

86 Putu Wira K.P, Ni Putu Eka Y., | Putu S., Vol. 14, Issue 1, 2026: 73-87



18.

19.

https://doi.org/10.1016/j.rmed.2020.10
6284

Kaier K, Heister T, Wolkewitz M, Hehn
P. Mechanical ventilation and the daily
cost of ICU care. Critical Care. 2022;
26(1):153. doi:10.1186/s13054-022-
04029-7

Verceles AC, Rosa RG, Taborda RJ,
FG, Schultz MJ,
Implementation strategies for

et al.
ICU
early mobilization and rehabilitation

Zampieri

interventions: a scoping review. Heart

20.

& Lung. 2023;58:245-256. . https://
doi.org/10.1016/j.hrting.2022.12.003

Korean Society of Critical Care
Medicine Clinical Practice Guidelines
Committee. Liberation from
mechanical ventilation in critically ill
patients: Korean Society of Critical
Care Medicine Clinical Practice
Guidelines. Acute and Critical Care.
2023;38(2):149-181.https://doi.org/

10.4266/acc.2023.00450

Respiratory muscle stretching exercises improve oxygen... 87



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15

