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Inspiratory muscle training facilitates liberation from mechanical ventilation in subacute critically ill patients—a randomized controlled trial









 


	
	
CLINICAL TRIAL
published: 29 January 2025
doi: 10.3389/fmed.2024.1503678








[image: image2]

Inspiratory muscle training facilitates liberation from mechanical ventilation in subacute critically ill patients—a randomized controlled trial

Shu-Jane Wang1†‡, Tien-Pei Fang2,3†‡•, Daniel D. Rowley4, Nan-Wei Liu5, Jui-O Chen6, Jui-Fang Liu3,7*† and Hui-Ling Lin2,3,8*••


1Department of Respiratory Therapy, Zuoying Armed Forces General Hospital, Kaohsiung, Taiwan

2Department of Respiratory Therapy, Chiayi Chang Gung Memorial Hospital, Chiayi, Taiwan

3Department of Respiratory Care, Chang Gung University of Science and Technology, Chiayi, Taiwan

4Respiratory Therapy Services, University of Virginia Medical Center, Charlottesville, VA, United States

5Department of English, National Chengchi University, Taipei, Taiwan

6Department of Nursing, Tajen University, Pingtung, Taiwan

7Chronic Diseases and Health Promotion Research Center, Chang Gung University of Science and Technology, Chiayi, Taiwan

8Department of Respiratory Therapy, Chang Gung University, Taoyuan, Taiwan

Edited by
 Marcos Ferreira Minicucci, São Paulo State University, Brazil

Reviewed by
 Sampath Kumar Amaravadi, University of Chichester, United Kingdom
 Zefei Jiang, Chengdu University of Traditional Chinese Medicine, China

*Correspondence
 Hui-Ling Lin, huiling@mail.cgu.edu.tw 
 Jui-Fang Liu, jfliu01@mail.cgust.edu.tw

•ORCID: Tien-Pei Fang, https://orcid.org/0000-0003-2747-4161
 Hui-Ling Lin, https://orcid.org/0000-0002-8268-8907

†These authors have contributed equally to this work

‡These authors share first authorship

Received 29 September 2024
 Accepted 23 December 2024
 Published 29 January 2025

Citation
 Wang S-J, Fang T-P, Rowley DD, Liu N-W, Chen J-O, Liu J-F and Lin H-L (2025) Inspiratory muscle training facilitates liberation from mechanical ventilation in subacute critically ill patients—a randomized controlled trial. Front. Med. 11:1503678. doi: 10.3389/fmed.2024.1503678
 

Background: Patients undergoing mechanical ventilation often develop rapid diaphragmatic atrophy, respiratory muscle weakness, and dysfunction, which are associated with prolonged duration of ventilation. This study aimed to evaluate whether Inspiratory Muscle Training (IMT) facilitates weaning from mechanical ventilation and enhances muscle strength in critically ill, subacute adult patients, while examining the relationship between IMT and relevant clinical laboratory values.

Methods: In this randomized clinical trial, patients admitted to the intensive care unit requiring mechanical ventilation for more than 2 days, with stable hemodynamics and resolved acute conditions, were enrolled. Participants were randomly assigned to the IMT or no-IMT group. The IMT group received training twice daily, 5 days a week, for three consecutive weeks. The primary outcome was ventilator duration. The primary outcome measure was the number of days until liberation from mechanical ventilation. The secondary outcomes of interest were respiratory muscle strength and biomarker levels.

Results: Thirty-three subjects (17 in the IMT group, 16 in the no-IMT group) were included in the final analysis. The IMT group had significantly shorter ventilator days (12.6 ± 5.2 vs. 18.1 ± 8.8, p = 0.04). IMT intervention significantly reduced rapid shallow breathing index and improved respiratory muscle strength, with greater maximum inspiratory pressure (p < 0.01), maximum expiratory pressure (p = 0.03), and peak expiratory flow (p = 0.01). A moderate positive correlation was observed between IMT and increased creatinine levels (rs = 0.54, p = 0.01), whereas the no-IMT group showed a reduction.

Conclusion: IMT significantly shortened ventilator duration and improved respiratory muscle strength. A moderate correlation between increased creatinine levels and respiratory muscle strength was observed, suggesting that creatinine may be a potential biomarker for muscle recovery during IMT.

Clinical trial registration: This study was registered at ClinicalTrials.gov (NCT06611683).
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1 Introduction

Acute respiratory failure is the primary reason that mechanical ventilation is aimed at maintaining sufficient ventilation to support life. Patients on mechanical ventilation often experience rapid diaphragm atrophy on the second day, resulting in diaphragm myofiber changes, respiratory muscle weakness, dysfunction, and impaired physical function (1–3). These changes can cause severe complications such as frailty and infections, leading to an increased duration of mechanical ventilation, extended intensive care unit (ICU) stay, and higher 1-year mortality (4).

Clinical studies have explored enhancing diaphragm and respiratory muscle strength and endurance through inspiratory muscle, expiratory muscle, and combined respiratory muscle training (5, 6). Training methods include flow-resistive, pressure threshold, and resistance training using electronic devices (7, 8). These strategies enhance respiratory muscle strength and endurance, promoting muscle fiber overload through increased training intensity, duration, and frequency (9, 10). Clinical practice guidelines and systematic reviews have highlighted the significant effects of inspiratory muscle training (IMT) on improving respiratory muscle strength, particularly in enhancing diaphragm weakness in patients undergoing invasive mechanical ventilation (5, 11). IMT has also been shown to increase maximal inspiratory and expiratory pressure, shorten mechanical ventilation duration, and reduce ICU length of stay (12, 13). Moreover, the total weaning time from mechanical ventilation was shorter in both low-to-moderate intensity and high-intensity threshold IMT groups (14). These findings underscore the importance of respiratory muscle training in clinical practice as an effective strategy for reducing the duration of mechanical ventilation and its associated complications (13). However, the majority of IMT studies have been conducted on patients who failed to wean from mechanical ventilation or required mechanical ventilator use for more than 7 days (12, 15). Since inspiratory muscle weakness and diaphragm atrophy can occur soon after patients undergo mechanical ventilation, we hypothesize that patients would benefit from inspiratory muscle training during the subacute stage, once the cause of intubation has been resolved and their vital signs have stabilized.

Additionally, muscle training has been shown to alter biochemical parameters and clinical laboratory test results in healthy individuals. Fragala et al. reported that increased participation in aerobic and strength exercises was associated with higher creatinine levels, percent oxygen saturation, and iron (16). Furthermore, serum creatinine levels are linked to lean body mass and handgrip strength in healthy individuals (17). Hemoglobin is responsible for transporting oxygen to tissues and its serum level is associated with exercise capacity. Albumin is essential for transporting substances in the blood, such as proteins, hormones, and electrolytes which is crucial for maintaining the osmotic balance. Albumin levels have been found to be associated with strenuous exercise. Creatinine is associated with not only renal function, but also muscle mass. The association between these clinical laboratory values and muscle training in critically ill patients has not yet been explored.

The purpose of this study was to determine if IMT significantly facilitates liberation from mechanical ventilation and improves respiratory muscle strength among subacute critically ill adult patients when compared to no IMT among subacute critically ill adult patients. The secondary aim was to investigate the relationship among IMT, respiratory parameters, and clinical laboratory test results.



2 Methods


2.1 Study design

This single-center randomized controlled clinical trial was conducted in medical and surgical intensive care units (ICUs) at the Zuoying Armed Forces General Hospital in Kaohsiung City, Taiwan. The Institutional Review Board of the Kaohsiung Armed Forces General Hospital approved the study protocol (approval number: KAFGHIRB107-027). All the measurements complied with the ethical standards of the Declaration of Helsinki. The study registered at ClinicalTrials.gov identifier: NCT06611683, on September 25, 2024. This work was reported in line with the Consolidated Standards of Reporting Trials (CONSORT) Guidelines.

Subjects admitted to the adult ICU were screened daily by a study investigator (S-J, W) who reviewed the bed occupancy in each ICU to identify potential study participants. Electronic medical records were reviewed for inclusion and exclusion criteria. Eligible participants were adult human subjects aged ≥18 years who required invasive mechanical ventilation for >2 days in an ICU. Subjects were excluded from the study if they met any of the following criteria: hemodynamic instability (heart rate > 120 beats/min, unstable blood pressure, vasopressor infusion), inadequate oxygenation (PEEP >8 cmH2O, FiO2 > 50%), body temperature > 38.5°C, sepsis, use of sedative infusion, steroid administration, and home ventilator use before ICU admission. The study investigator approached all eligible participants and invited them to participate in the study. All subjects provided informed consent signed by their proxy before enrollment in the study.



2.2 Randomization

We used a simple parallel randomization scheme to allocate subjects to one of the two equal (1:1) groups. A computer-generated random numbers generator (Researcher Randomizer website) randomly allocated the study subjects into the IMT or no-IMT groups. Group allocation was performed before the commencement of the study. Each randomly generated number was printed, shuffled, placed, and sealed in a sequentially numbered opaque envelope by a person not-affiliated with the study. To ensure concealment, the allocation was hidden until the envelope was opened. Study group allocation was concealed from the study investigators, subjects, and all healthcare providers until written informed consent was obtained. At this point, the study investigator was given a sequentially numbered and sealed envelope to open and reveal the group assignments. A double-blind study was not feasible due to the distinct IMT device appearance. Blinding was only applied to the individuals responsible for statistical analysis and outcome preparation.



2.3 Inspiratory muscle training

Training was performed by registered respiratory therapists in ICUs. Airway secretions were removed by tracheal suction, and the artificial airway cuff was inflated to prevent potential air leakage before IMT was initiated. Subjects were positioned supine in the bed with the head-of-bed elevated to 60-degrees. They were then removed from the ventilator, and an IMT device was connected to the artificial airway. The threshold IMT device (Galmed Corp., Taiwan) used a starting resistance set to 30% maximum inspiratory pressure (MIP). If the subject tolerated IMT in the previous session, the resistance was increased by 5–10%, up to a maximum of 50% of the MIP. The subjects were instructed to perform fast and forceful inspirations against added inspiratory resistance while being coached by a study investigator to ensure full inspiration and expiration during each breath cycle. Each session consisted of three breaths per set, followed by a one-minute break during which the ventilator was reconnected. Ten sets (totaling 30 breaths) were completed per IMT session, conducted twice daily over five consecutive days, followed by a two-day rest period. This regimen was continued for three consecutive weeks or until the subject no longer required ventilator support. The inhalation port of the IMT device was occluded in subjects who were unable to follow IMT instructions. This action stimulates a strong neural output from the brainstem, enhancing diaphragm myofiber contraction, leading to deeper breathing. Vital signs and subject tolerance of IMT were monitored closely during therapy sessions by performance of regular assessments and solicitation of subject feedback. IMT was discontinued if the subject experienced a respiratory rate > 40 breaths/min, heart rate increase >20 beats/min, systolic blood pressure increase >20 mmHg, SpO2 < 90%, multifocal premature ventricular contraction, cold sweating, agitation, subjective discomfort, or change in consciousness. IMT was terminated if the subject experienced life-threatening arrhythmia twice during the IMT session.



2.4 Outcome measures

Baseline demographic and clinical characteristics, including age, sex, acute physiology and chronic health evaluation score, Glasgow Comma score, primary diagnosis, intensive care unit, artificial airway type, ventilator settings, mechanical ventilation duration, and ICU length of stay were collected from each participant’s electronic medical records. The primary outcome measure was the number of days until liberation from mechanical ventilation among subjects who received IMT (IMT group) compared to subjects who did not receive IMT (no-IMT group).

The secondary outcomes of interest were respiratory muscle strength and biomarker level. Measures of respiratory muscle strength included the maximum inspiratory pressure (MIP), maximum expiratory pressure (MEP), peak inspiratory flow, and peak expiratory flow. Respiratory measurements were performed by a designated respiratory therapist. MIP was measured by having each subject exert maximum inspiratory force against a pressure gauge (Galmed Corp, Taiwan) for three consecutive breaths. The highest value obtained from three consecutive maximum inspiratory efforts was recorded. Similarly, peak inspiratory flow was measured using a respiratory mechanics monitor (VENTCheck, Novametrix Medical Systems Inc., Pennsylvania, U.S.) during three forceful inspirations, with the highest of the three peak inspiratory flow measurements being recorded. During forceful expirations, the MEP and peak expiratory flow were measured using the same method. The tidal volume was measured with a respirometer (Haloscale Wright Respirometer, Ferraris Development & Engineering Co., London) during 1 min of quiet breathing, and the respiratory rate was recorded simultaneously. Additionally, the rapid shallow breathing index (RSBI), which is the threshold for determining the likelihood of successful liberation from invasive mechanical ventilation, was recorded. The RSBI was calculated by dividing the respiratory rate by the tidal volume (L). MIP was measured before IMT intervention for threshold resistance adjustment and daily for the no-IMT group during study enrollment or until the subject was successfully liberated from mechanical ventilation within 48 consecutive hours. Additionally, blood samples were obtained to measure and examine biomarkers, including hemoglobin, albumin, and creatinine levels, to determine their relationship with IMT intervention and outcomes.



2.5 Statistical analysis

A priori power analysis was performed to determine the study sample size before commencement of the study. A review of the literature showed that tracheotomized subjects who received IMT during mechanical ventilation in the ICU experienced seven fewer days on the ventilator than patients who did not receive IMT (18). With alpha set at 0.05, and beta set at 0.2, we estimated that 30 subjects per group would be necessary to power our study to 80%.

Nonparametric statistical analyses were performed because of the small sample size. Continuous variables with non-normal distribution are reported as median (interquartile range), and the Mann–Whitney U test was used for group comparisons. For categorical variables, data were reported as frequency counts and percentages. The frequency count of participants in each category with normal approximation was compared using the chi-square of independence test or Fisher’s exact test if the expected frequency count of a category was less than 5, as appropriate. The relationship between muscle strength and biomarkers was investigated using Spearman’s rho test. All p-values were two-tailed, and values less than 0.05 were considered statistically significant. Data were analyzed using SPSS 26 for Windows (IBM, Armonk, New, USA).




3 Results

From July 2019 to December 2020, 307 patients who required invasive mechanical ventilation in our medical and surgical ICUs were screened for eligibility. The trial was completed as planned upon reaching a predetermined sample size. Of the 307 screened subjects were excluded from the study enrollment. The most common reason for exclusion was unstable hemodynamics (n = 87 of 247). Sixty subjects who met the study inclusion criteria were equally randomized and allocated to either the IMT group (n = 30) or the no-IMT group (n = 30). Thirteen of the 30 subjects (43%) in the IMT group and 14 of the 30 subjects (47%) in the no-IMT group experienced early study termination (p = 0.79). The most common reason for early study termination in both groups was unstable hemodynamics (p = 0.57). Seventeen subjects in the IMT group and 16 subjects in the no-IMT group were included in the final data analysis (Figure 1).
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FIGURE 1
 Design and flow of subjects through the trial.


The baseline demographic and clinical characteristics of the patients are summarized in Table 1. There were no significant differences between the two groups in terms of age, sex, diagnosis, or baseline clinical variables. The median age was 74 years, and males represented 52% (n = 17 of 33) of the study population (p = 0.73). The majority (67%) of subjects had a primary diagnosis of a respiratory system disorder (n = 14 of 33) or neurological or neurosurgical disorders (n = 8 of 33). The majority (84.5%) of subjects received an artificial airway with an endotracheal tube. While 61 % of the subjects were ventilated with Pressure Control mode at the time of study enrollment, when compared to the synchronized intermittent mandatory ventilation + pressure support and pressure support ventilation modes, the difference was not significant (p = 0.32).



TABLE 1 Subject demographic and clinical characteristics.
[image: Table1]

Table 2 compares the primary outcomes between the two groups, which were similar at baseline when the subjects were enrolled in the study. Subjects in the IMT group experienced 4.5 fewer days of mechanical ventilation (13 [8–16] days) than those in the no-IMT group (17.5 [9.7–24] days; p = 0.038); however, the ICU duration was similar between groups (IMT group 20 [13–30] vs. no-IMT group (20 [17–25]), p = 0.92) Subjects who received IMT experienced 4.5 fewer days on mechanical ventilation than those who did not receive IMT (p = 0.04). The ICU duration was similar between the two groups. The number of subjects passing the critical point (RSBI <105 breaths/min/L) was significantly greater in the IMT group (n = 11) than in the no-IMT group (n = 5) at the time of mechanical ventilation liberation (p = 0.01).



TABLE 2 Comparisons of outcomes between two groups.
[image: Table2]

Table 3 compares the muscle strength and biomarkers between groups. The IMT group experienced a significant decrease in RSBI and evidence of significantly improved respiratory muscle strength at the time of MV liberation when compared with baseline measurements. The RSBI results showed a significant reduction in the IMT group (88 breaths/min/L) compared with the no-IMT group (132 breaths/min/L, p = 0.04). Additionally, more subjects in the IMT group (n = 11) passed the RSBI critical value of <105 breaths/min/L when compared to the no-IMT group (n = 5) (Table 2). The secondary outcome of this study was respiratory muscle strength. Subjects who received IMT showed significant increases in MIP (p < 0.01), MEP (p = 0.03), and peak expiratory flow rate (p < 0.01).



TABLE 3 Comparisons of respiratory strength and biomarkers between groups.
[image: Table3]

Table 4 demonstrates the changes in measurements between baseline and at the time of MV liberation for the two groups. All changes in respiratory parameters significantly improved, including the RSBI, MIP, MEP, peak inspiratory flow rate, and peak expiratory flow rate. Notably, a significant change in creatinine level was detected between the groups (p < 0.01). The variation in creatinine level was demonstrated by a positive moderate correlation with IMT (rs = 0.54, p = 0.01).



TABLE 4 Respiratory and biomarker changes from baseline to three-week point.
[image: Table4]



4 Discussion

Loss of respiratory muscle strength occurs in most critically ill patients and is directly associated with prolonged mechanical ventilation, ICU stay, and hospitalization duration. Our study identified clinical benefits experienced by subacute critically ill adult subjects who received IMT during mechanical ventilation. Our findings indicate that initiating IMT early, once the patient is clinically stable, significantly shortens the duration of mechanical ventilation. This early intervention also enhances respiratory muscle strength and promotes spontaneous breathing, as demonstrated by reduced RSBI and improved respiratory mechanics during the subacute phase. Our data also revealed a moderate correlation between IMT and creatinine levels, potentially indicating increased muscle mass.


4.1 Enhanced breathing patterns and facilitation of ventilator weaning in subacute stage

The optimal goal of IMT in critically ill patients is to improve respiratory muscle strength, thereby enhancing respiratory efficiency and facilitating liberation from mechanical ventilation support. Previous studies have used MIP and MEP as the primary outcomes to evaluate the effectiveness of IMT in patients receiving mechanical ventilation (19, 20). Improvement in MIP or MEP measurements reflects enhanced strength of the respiratory muscles during forceful inspiration or expiration, respectively. MIP and MEP serve as critical indicators of effective coughing ability, a vital function for airway secretion clearance, during ventilator weaning (21, 22). Successful ventilator weaning necessitates adequate ventilation capacity, encompassing both strength and endurance.

The primary goal of patient care at the subacute stage of critical illness is liberation from mechanical ventilation. Generally, the RSBI is a clinical predictor used to inform about patient readiness and the likelihood of remaining liberated from mechanical ventilation. A higher RSBI suggests that the patient is breathing rapidly or has a small tidal volume. Although the specificity of the RSBI has been debated, a cutoff value of greater than 105 has been established to predict a higher likelihood of ventilator removal failure (11, 23). Previous studies have shown that a high RSBI indicates an inadequate ventilation pattern, leading to respiratory muscle weakness or an increased ventilation load (23). We coupled routine care with IMT at the subacute critically ill stage as soon as the patients exhibited hemodynamic stability and a supplemental oxygen concentration requirement of less than 50%. Our results demonstrated that IMT improved respiratory muscle strength, endurance, and breathing patterns. Consequently, the duration of mechanical ventilation was significantly reduced by 6 days when IMT was added to routine care.

While the cost of medical care is on the rise, a systematic study estimated that a single ventilated ICU day costs €1,654 in France, with mechanical ventilation accounting for approximately 50% of the daily cost (24). Our study demonstrated a 4.5-day reduction in duration of mechanical ventilation, potentially resulting in cost savings of at least €3,600. Moreover, early extubation helps prevent additional costs associated with mechanical ventilation, such as ventilator-associated pneumonia, ventilator-induced lung injury, and complications resulting from upper airway trauma and artificial airway securing device pressure related skin ulcer injury.



4.2 Intermittent moderate-intensity training protocol and duration of training

The training duration and methods employed in previous studies have exhibited discrepancies. Inspiratory muscle training is used in some intensive care units; however, its effectiveness remains uncertain (6). Given that patients were just past the acute phase of critical illness, we designed the IMT with low-to-moderate intensity threshold resistance to prevent intolerance and overuse of the inspiratory muscles. A systematic review of low-to-medium vs. high intensity revealed that the high-intensity threshold IMT groups in critically ill patients concluded that both intensities achieved statistically significant MIP improvement (14). Additionally, low-to-moderate-intensity IMT reduced the duration of mechanical ventilation. In contrast to our study, a systematic review found that RSBI results favored high-intensity IMT over low-intensity IMT.

Previous studies have also shown a wide variation in the duration of IMT interventions, ranging from 3 days to 6 weeks, for patients with diverse medical conditions (11). Bissett et al. conducted a study incorporating 2 weeks of moderate-intensity IMT in patients receiving mechanical ventilation, which demonstrated significant improvements in inspiratory strength and quality of life (19). Their subsequent analysis found that patients who benefited the most from IMT were those with moderate inspiratory muscle weakness (MIP >28 cmH2O) within 48 h of ventilatory weaning (18). Similarly, in this three-week moderate-intensity IMT study, our subjects in the IMT group, with a median MIP of 26 cmH2O, showed significant improvement in respiratory muscle strength and respiratory pattern parameters. Our study demonstrated a significantly shorter duration of mechanical ventilation which likely resulted from the addition of IMT intervention to regular standard of care.



4.3 Correlation between creatinine level to IMT

Our results demonstrated significant differences in post-IMT creatinine level changes between subjects who received IMT when compared to subjects who did not receive IMT. We identified a moderate correlation between creatinine level and improvement in respiratory muscle strength. To our knowledge, this study is the first to observe a relationship between creatinine levels and IMT outcomes in adult mechanically ventilated subjects. Muscle weakness is a major concern for critically ill patients who require mechanical ventilation because they are often sedated and underfed during the acute stage of care. Serum creatinine level reflects both creatinine production and elimination, making it a standard clinical biomarker that critical care clinicians use to monitor renal function trends. Creatinine production primarily arises from phosphocreatine metabolism in the skeletal muscle and is correlated with muscle mass (25). Serum creatinine could indicate muscle mass and it is affected by altered nutritional status and skeletal muscle wasting. Low serum creatinine levels are indicative of low muscle mass, malnutrition, fluid overload, and advanced liver diseases (24). A reduction in muscle mass can be determined by a decrease in serum creatinine level. Our study revealed a significant reduction in creatinine level among subjects who did not receive IMT (−0.72 mg/dL) whereas creatine level increased slightly among subjects that received IMT (0.31 mg/dL). The increased creatinine level in the IMT group may indicate maintained inspiratory and diaphragm muscle mass, as opposed to the possibility of muscle wasting in the no-IMT group. Previous studies have found that diaphragmatic atrophy occurs more frequently in patients with septic shock than in those on mechanical ventilation (26, 27). The IMT intervention has been shown to increase diaphragm thickness and improve peripheral muscle strength, peripheral muscle thickness, diaphragm muscle thickness, and diaphragm muscle mobility (28). The increased creatinine level observed in our study may be attributed to diaphragmatic training, which is the largest inspiratory muscle. In contrast, patient hydration status may greatly effect creatinine levels. Future clinical studies are necessary for deeper exploration and external validation of our findings.



4.4 Limitations

This study had limitations that must be considered. This single-center RCT was conducted in medical and surgical ICUs, which limits the generalizability of our findings. Recruitment and retention of subjects in the study also presented challenges, reflected by a dropout rate of 43%, when they were in the subacute stage of the illness. Surrogates are often reluctant to consent for subject participation in the study owing to safety concerns. Additionally, patient medical conditions can change rapidly in the subacute stage, which partly explains the high dropout rate observed in both groups and the small sample size included in our final data analysis. To address this issue, we suggest strategies to improve participant retention in future clinical studies. Regularly communicate with study subjects and surrogates to address any study related concerns. Due to the difficult in recruiting subacute critically ill patients, our sample size was small. Larger multicenter clinical trials are warranted in the future. A double-blinded study design was not feasible due to the nature of the IMT device, and as a result, performance bias may have been introduced into our study during IMT training sessions as participants were encouraged to push closer to their limits. However, a blinded approach was implemented during statistical analysis to minimize bias in the interpretation of the results.




5 Conclusion

Reducing respiratory muscle strength in critically ill patients often leads to prolonged mechanical ventilation and an extended hospital stay. Our randomized clinical trial demonstrated that IMT facilitates earlier liberation from mechanical ventilation and improves respiratory muscle strength. These findings underscore the potential benefit that IMT may offer as an adjunct to regular standard of care for subacute critically ill adult patients requiring mechanical ventilation. Further research in large clinical trials is needed to explore the relationship between serum creatine levels and respiratory muscle strength. Establishing precise serum creatine and respiratory muscle strength and retention cut-off values that demonstrate clinical benefits could enhance clinical practice and improve patient outcomes.
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