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Objective: The aim of this study was to examine the impact of cardiopulmonary rehabilitation delivered through a multidisciplinary 
team (MDT) model on therapeutic outcomes in individuals diagnosed with intensive care unit-acquired weakness (ICU-AW).
Methods: In this retrospective cohort study conducted at The First Affiliated Hospital of Baotou Medical College (Inner Mongolia, 
China) between January 1, 2023, and December 30, 2024, 98 patients with ICU-AW were assigned to either a control group (standard 
rehabilitation, n = 49) or an observation group (MDT-based rehabilitation, n = 49). Outcomes were compared using independent 
samples t-tests and chi-square tests (SPSS version 21.0).
Results: The observation group showed significantly shorter median hospital stay (14 vs 21 days, p < 0.01), ICU stay (8 vs 12 days, 
p < 0.01), and mechanical ventilation duration (4 vs 7 days, p < 0.01) compared to controls. MRC scores improved earlier in the 
observation group (Day 4: 38 ± 6 vs 32 ± 5, p < 0.001; Day 7: 45 ± 7 vs 39 ± 6, p < 0.001). The overall effective rate was 83.7% in the 
observation group versus 61.2% in the control group (p < 0.05).
Conclusion: MDT-based cardiopulmonary rehabilitation accelerates recovery, reduces healthcare resource utilization, and enhances 
patient satisfaction in ICU-AW. These findings support its integration into critical care pathways. Future studies should explore long- 
term functional outcomes and cost-effectiveness.
Keywords: cardiopulmonary rehabilitation, intensive care unit-acquired weakness (ICU-AW), medical research council (MRC) score, 
multidisciplinary team (MDT) model, therapeutic efficacy

Introduction
Intensive care unit-acquired weakness (ICU-AW) has been recognized as a common complication among individuals 
admitted to the ICU, often associated with prolonged sedation, immobilization during mechanical ventilation, and systemic 
inflammation.1,2 Characterized by profound muscle dysfunction and reduced strength, ICU-AW significantly increases 
dependency on ventilators, prolongs hospital stays, and impairs long-term quality of life.3,4 Pathophysiologically, ICU-AW 
arises from synergistic insults including prolonged bed rest-induced sarcomere disuse, systemic inflammation-mediated 
myofiber proteolysis, and insulin resistance-driven metabolic dysregulation, leading to preferential loss of type II muscle 
fibers. While cardiopulmonary rehabilitation has shown promise in improving outcomes in ICU survivors,5 traditional 
single-discipline interventions (eg, nurse-led mobilization programs) face challenges such as inconsistent timing, 
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inadequate risk evaluation, and fragmented care coordination.6,7 For example, standard care relied on ICU medical staff to 
monitor rehabilitation progress, but delays in adjusting ventilator settings or missed opportunities for early mobilization 
were documented in 12% of patients.8 No serious adverse events occurred in either group. Minor events (eg, transient 
hypotension) were reported in 8% of controls vs 3% of the MDT group (p = 0.12).9

Despite the growing recognition of multidisciplinary team (MDT)-based care’s potential benefits, few studies have 
systematically evaluated its efficacy in ICU-AW rehabilitation. In the ICU context, this MDT typically includes 
a respiratory therapist (responsible for ventilator management and airway clearance), nutritionist (optimized protein/ 
calorie intake), rehabilitation physician (designed individualized exercise protocols), ICU specialist nurse (executed 
mobilization therapies), psychologist (addressed anxiety/depression), and physical therapist (facilitated limb strengthen
ing). Existing trials often suffer from small sample sizes (eg, median n = 30 patients/group),10 short follow-up periods 
(<3 months),11 or incomplete integration of key disciplines (eg, omission of nutritionists or psychologists).12 

Furthermore, mechanisms underlying MDT-mediated improvements remain poorly understood—prior work has not 
elucidated how collaborative care influences muscle protein synthesis, ventilator weaning success rates, or long-term 
functional outcomes.13,14

Our study addresses these gaps by implementing a standardized MDT protocol integrating respiratory therapists, 
rehabilitation physicians, ICU nurses, nutritionists, and psychologists. We hypothesized that this collaborative approach 
would accelerate recovery, reduce healthcare resource utilization, and enhance patient-reported outcomes compared to 
conventional single-discipline rehabilitation.

Information and Methods
Study Design and Setting
This was a single-center study conducted in the Department of Critical Care Medicine, The First Affiliated Hospital of 
Baotou Medical College, Inner Mongolia University of Science and Technology (Inner Mongolia, China) from 
January 2023 to December 2024. The study was approved by the Ethics Committee of the First Affiliated Hospital of 
Baotou Medical College, Inner Mongolia University of Science and Technology (Approval No.: K098-01).

General Information
A total of 98 individuals diagnosed with ICU-AW between January 1, 2023, and December 30, 2024, were included in 
the study. Patients were categorized into two groups based on treatment modalities using a propensity score matching 
(PSM) approach (1:1 ratio) to minimize selection bias. Allocation was carried out using sealed envelopes (Figure 1). 
Patients and outcome assessors were blinded, while intervention implementers were not blinded. Propensity scores were 
calculated using logistic regression models incorporating age, sex, APACHE II score at ICU admission, and mechanical 
ventilation duration as covariates. The control group (n = 49) received standard cardiopulmonary rehabilitation, while the 
observation group (n = 49) received cardiopulmonary rehabilitation within the framework of an MDT model. In the 
control group, there were 31 males and 18 females, with ages ranging from 32 to 86 years and a mean age of 65.68 ± 
12.54 years. In the observation group, 30 males and 19 females were included, aged between 29 and 84 years, with 
a mean age of 64.38 ± 11.80 years. No statistically significant differences were observed between the two groups in terms 
of demographic characteristics (p > 0.05).

Inclusion criteria were as follows: (1) informed consent provided by patients and their families, with active 
cooperation during the study; (2) inability to be weaned from mechanical ventilation within a short period; (3) Age ≥ 
18 years; (4) Receiving mechanical ventilation for ≥48 hours due to respiratory failure; (5) Total MRC muscle strength 
score ≤ 4 on day 7 (scored on a 0–6 scale); (6) Expected survival ≥ 28 days; (7) ability to follow instructions for 
performing shoulder abduction or neck flexion movements, evaluated using a modified 4-point scale with a maximum 
score of 4, followed by diagnosis of ICU-AW; and (8) respiratory muscle function assessed according to the following 
parameters: for males, mean maximum inspiratory pressure (MIP) of 118.41 ± 37.19 cmH2O with a lower limit of normal 
(LLN) ≥75 cmH2O, and mean maximum expiratory pressure (MEP) of 139.83 ± 30.16 cmH2O with an LLN ≥50 cmH2O; 
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for females, mean MIP of 118.41 ± 37.19 cmH2O with an LLN ≥100 cmH2O, and mean MEP of 95.26 ± 20.08 cmH2 

O with an LLN ≥80 cmH2O.
Exclusion criteria were: (1) voluntary withdrawal from the study; (2) presence of motor dysfunction, vertebral 

fractures, or unstable skeletal injuries; and (3) confirmed diagnosis of pulmonary embolism or deep vein thrombosis; 
(4) Having received ≥7 days of systematic rehabilitation therapy before enrollment; (5) Pregnancy or mental disorders.

Sample size estimation was performed based on the primary outcome (change in MRC score). According to the pilot study 
data (the MDT group had a total MRC score 1.2 points higher than the control group, with standard deviation SD = 1.5), the 
following parameters were set:

● Minimum clinical difference: Δ = 1.0 point (the threshold for clinically meaningful muscle strength improvement);
● Significance level: α = 0.05 (two-tailed test);
● Test power: 1−β = 0.8 (80% power);
● Allocation ratio: 1:1 (MDT group: control group).

The formula for the two independent samples t-test was used for calculation:

Substituting the data yielded 45 cases per group (total sample size 90). Considering a 10% dropout rate, 100 cases were 
ultimately enrolled (50 per group).

Figure 1 Flowchart of the study participant enrollment and allocation process.

Journal of Multidisciplinary Healthcare 2025:18                                                                                 https://doi.org/10.2147/JMDH.S537603                                                                                                                                                                                                                                                                                                                                                                                                   5731

Cui et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Interventions
Control Group
The intervention protocol for the control group included the following components: (1) Patients received guidance on 
relaxation techniques and strategies for regulating negative emotions. A comfortable treatment environment was 
maintained to reduce anxiety and enhance motivation toward rehabilitation. (2) For cardiopulmonary rehabilitation: 
Frequency was twice-daily sessions (morning/evening). Components included: Passive Mobilization: Limb movements 
(shoulder abduction, hip flexion) performed by ICU nurses for 30 minutes/day using continuous passive motion devices;1 

Active Exercise: Bedside cycling (10 minutes/day) initiated once patients regained consciousness; Breathing Training: 
Diaphragmatic breathing (10 sets/day × 10 breaths/set) supervised by respiratory therapists.2 (3) Respiratory training 
involved instruction in diaphragmatic breathing (10 sets/day × 10 breaths/set) and pursed-lip breathing techniques. (4) 
Airway clearance methods included manual assisted coughing, chest percussion to facilitate mucus mobilization, and 
postural drainage. (5) Daily spontaneous breathing trials (SBTs) using T-piece for 30 minutes, guided by FiO2 ≤ 40% and 
PEEP ≤ 8 cmH2O.15

Observation Group
In addition to the interventions administered to the control group, the observation group received cardiopulmonary 
rehabilitation within an MDT model:

(1) A dedicated MDT was established, consisting of a respiratory therapist responsible for risk assessments, ventilator 
management, and respiratory function monitoring; a nutritionist who developed individualized nutrition plans; 
a deputy director from the Department of Rehabilitation Medicine who oversaw the design of rehabilitation 
protocols and clinical consultations; an ICU deputy physician who conducted initial evaluations and interdepart
mental coordination; a psychologist responsible for psychological assessment and counseling; an ICU-specialized 
nurse delivering cardiopulmonary rehabilitation treatments; and a rehabilitation therapist who implemented 
rehabilitation training interventions. The MDT team formulated personalized plans at daily morning meetings: 
(1) Respiratory therapist: Assess respiratory mechanics every 6 hours and adjust PEEP (plateau pressure ≤ 30 
cmH2O); (2) Dietitian: Adjust calorie intake (25–30 kcal/kg/d) based on the NRS2002 score; (3) Rehabilitation 
physician: Execute Brunnstrom staging training (30 minutes per day).

(2) Team members received regular training in cardiopulmonary rehabilitation techniques and related theoretical 
frameworks. Training sessions included lectures from experts to enhance accountability and clinical proficiency. 
Participants underwent periodic competency assessments, and only those who passed were permitted to perform 
clinical tasks.

(3) Interdisciplinary rounds were performed daily 8:00 AM meetings via teleconference to review ventilator para
meters (tidal volume, plateau pressure), nutritional status (albumin, prealbumin levels), and rehabilitation progress 
(MRC score trends).

Following a detailed clinical assessment by the ICU physician and subsequent communication with the patient’s family 
to obtain informed consent, relevant nursing staff published the patient’s status and associated treatment information 
through the WeChat platform to all MDT members. This initiated the collaborative multidisciplinary diagnosis and 
treatment protocol. Based on the patient’s condition, the MDT developed a personalized treatment plan and schedule. The 
respiratory therapist provided targeted respiratory therapy, adjusted mechanical ventilation parameters, and assessed the 
patient’s readiness for ventilator withdrawal. The psychologist conducted a comprehensive evaluation of the patient’s 
psychological condition, identified underlying factors contributing to adverse emotional states, and formulated 
a personalized psychological counseling strategy. The psychologist also engaged in communication with the patient’s 
family to facilitate their involvement in the care process and provided psychological support to the patient to reduce 
feelings of isolation and enhance treatment confidence.

The ICU-specialized nurse and rehabilitation therapist collaborated in implementing cardiopulmonary rehabilitation 
exercises, including airway clearance and respiratory training. Airway clearance techniques included the application of 
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physical or mechanical methods to influence airflow, which assisted in mobilizing and expelling mucus from the trachea 
and bronchi, or inducing a cough to facilitate secretion removal. Respiratory training included the following components: 

① Diaphragmatic breathing training: Patients were instructed to lie in a supine position, with a moderately weighted 
sandbag placed on the abdomen. They were guided to perform controlled breathing by rhythmically elevating and 
lowering the abdomen, promoting independent thoracic regulation.

② Exhalation training: Patients practiced deep inhalation followed by prolonged, controlled exhalation through 
pursed lips, emulating a whistling action. Each session was limited to under ten seconds, performed approxi
mately ten times per set, with three consecutive sets, and at a deliberately slow pace to avoid overexertion.

③ Passive thoracic training: A professional therapist administered manual techniques, including thoracic compres
sion, scapular squeezing, and back manipulation, to enhance chest mobility. The nutritionist developed indivi
dualized nutritional support plans based on patients’ actual dietary preferences and clinical requirements to ensure 
balanced daily nutrient intake. 

Throughout the implementation of cardiopulmonary rehabilitation, MDT members monitored the progress of each 
patient’s recovery. Cardiac and pulmonary functions were regularly evaluated, confirming normalization and the absence 
of recurrence. Ongoing assessments were conducted via the WeChat platform or through bedside evaluations to promptly 
address any identified clinical issues. MDT interventions were discontinued upon hospital admission or if changes in the 
patient’s condition necessitated modification of the treatment plan.

Observation Indicators
Treatment Status
The duration of mechanical ventilation, hospital stay, and ICU stay was recorded for all patients.

Primary Outcomes
Medical Research Council (MRC) Score
MRC score assessments were performed by blinded physiatrists using a standardized 6-point ordinal scale and were 
recorded at Day 1 (baseline), Day 4, Day 7 post-intervention, with items scored including shoulder abduction, elbow 
flexion, wrist extension, hip flexion, knee extension, ankle dorsiflexion. The total possible score was 60 points, where 
a score of 5 denoted normal muscle strength and a score of 1 indicated quadriplegia. Lower scores reflected greater 
impairment in physical activity capability.

Secondary Outcomes
Treatment Status
The duration of mechanical ventilation (defined as the time from enrollment to successful weaning for ≥24 hours), hospital 
stay, and ICU stay (defined as the number of days from enrollment to transfer out of the ICU) were recorded for all patients.

Therapeutic Efficacy
Therapeutic outcomes were categorized based on the recovery of motor function. Full restoration of motor function 
following treatment indicated significant clinical improvement. A post-treatment motor function score greater than 48 
was interpreted as a moderate improvement, whereas a score below 48 denoted an absence of substantial improvement.

Satisfaction
Administered via structured questionnaire (Likert scale 0–100) on discharge day, with domains including pain manage
ment (10 items), caregiver communication (8 items), environmental comfort (7 items). Collected by independent research 
assistants masked to group allocation. Patient satisfaction was evaluated across multiple domains, including accompany
ing symptoms, disease status, medical and nursing services, psychological needs, and nursing care. The maximum score 
was 100, with higher scores indicating greater levels of satisfaction.

Journal of Multidisciplinary Healthcare 2025:18                                                                                 https://doi.org/10.2147/JMDH.S537603                                                                                                                                                                                                                                                                                                                                                                                                   5733

Cui et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Data Collection
Data were collected in real-time through the Hospital Information System (HIS). A dedicated researcher entered the data 
into an Excel database at 16:00 every day, and double-checks were performed by two individuals to ensure accuracy.

Statistical Methods
Statistical analysis was performed using SPSS v21.0 and R v4.2.2. Sample size was determined a priori via GPower 3.1 
based on pilot data (effect size d = 0.8, \alpha = 0.05, power = 0.8). The statistical methods followed the guidelines 
recommended by Altman et al (1995) for clinical trial data analysis,16 and the multiple imputation approach was 
referenced from the protocol of Rubin (1987).17

Analysis of Specific Outcomes
Primary outcome (MRC score): Use Repeated Measures ANOVA to compare the change trends of total MRC scores 
between the two groups at baseline, day 4, and day 7. If the data meet the assumption of sphericity test, directly report the 
F value; otherwise, use Greenhouse-Geisser correction. Bonferroni post-hoc test is used to correct intergroup differences. 
Intergroup differences in MRC scores were analyzed by ANCOVA, adjusting for age (continuous variable) and 
admission diagnosis (sepsis/non-sepsis) as covariates.

Secondary outcomes (hospitalization duration, ICU stay): Normally distributed data were compared using indepen
dent t-tests; non-normally distributed data (eg, when there are extreme values in mechanical ventilation time) adopted 
Mann–Whitney U-tests.

Categorical outcomes (treatment efficiency, satisfaction score): Binary variables (eg, efficiency) used chi-square test 
(χ²) or Fisher’s exact test (if the expected frequency of cells <5); ordered categorical variables (eg, satisfaction score) 
applied Mann–Whitney U-test or ordinal logistic regression (if adjusting for confounders is needed).

Survival analysis (eg, weaning success rate): Use Kaplan–Meier survival curve to describe weaning time and compare 
intergroup differences through Log rank test.

Handling of Key Analysis Details
Missing data: A total of 12/980 (1.2%) data points were missing across all variables, including 5 missing MRC scores, 3 
missing ventilation durations, and 4 missing satisfaction scores. Missing data were handled using multiple imputation (m 
= 5), based on covariates such as age and APACHE II score (assuming the data were missing at random [MAR]). 
Sensitivity analyses were conducted via complete-case analysis and last-observation-carried-forward (LOCF) to verify 
the robustness of the results. For missing binary/categorical variables (2 in total), multiple imputation was performed 
using logistic regression models.

Multiple comparisons: In the repeated measures ANOVA, Bonferroni correction was used for intergroup comparisons 
(corrected significance level α = 0.017).

Effect size reporting: Effect size indicators (such as Cohen’s d, OR value) were supplemented, eg, “The increase in 
MRC scores in the MDT group was significantly greater than that in the control group (Cohen’s d = 0.82, 95% CI 
0.35–1.29).”

Analysis Strategies
The primary analysis adopted intention-to-treat analysis (ITT), meaning all randomized patients were analyzed according 
to their original groups regardless of their adherence to the protocol; the secondary analysis conducted per-protocol set 
(PP) analysis, excluding 11 patients with major deviations, and the results of ITT and PP analyses were consistent 
(Cohen’s κ = 0.82).

For quality control, daily checks were carried out by a dedicated research coordinator to ensure adherence to the 
protocol; blinded assessors achieved a κ value of 0.89 for MRC scores and an intraclass correlation coefficient (ICC) of 
0.93 for 6-minute walk test (6MWT) measurements, indicating high inter-rater reliability.
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Sensitivity Analysis
To evaluate the robustness of the primary results, a sensitivity analysis was conducted by excluding patients with an ICU 
stay longer than 14 days (n = 12). For the adjusted sample, the time × group interaction effect on MRC scores was 
recalculated using the same statistical method as the primary analysis (repeated measures ANOVA), and between-group 
differences in MRC scores at each time point (day 4 and day 7) were re-assessed using post-hoc tests with adjustment for 
multiple comparisons, with mean differences (Δ), 95% confidence intervals (95% CI), and p-values reported.

Post Hoc Subgroup Analysis
A post hoc subgroup analysis was performed to explore potential differences in treatment effects across age groups, 
where patients were stratified into two subgroups: <65 years old (n = 34) and ≥65 years old (n = 64). Repeated measures 
ANOVA was used for each subgroup to compare MRC scores between the observation group and the control group, 
focusing on day 7 outcomes. Between-group differences in MRC scores at day 7 were further quantified using mean ± 
standard deviation, p-values, and effect sizes (Cohen’s d).

Results
Comparison of Baseline
Baseline demographics, clinical characteristics, and primary/secondary outcomes of patients with ICU-AW receiving 
MDT-integrated rehabilitation versus standard care were presented in Table 1. Data are presented as mean ± SD or 
median (IQR). Effect sizes (Cohen’s d/Hedges’ g) with 95% confidence intervals (CI) are provided. Normality of 
continuous variables was assessed using Shapiro–Wilk/Kolmogorov–Smirnov tests (p > 0.05 indicates normal 
distribution).

Comparison of Treatment Outcomes
The observation group demonstrated significantly shorter durations of hospital stay, ICU stay, and mechanical ventilation 
treatment compared with the control group. These differences were statistically significant (p < 0.05), as presented in 
Table 2. The observation group showed significantly shorter durations of hospitalization (447.73 ± 57.32 vs 560.63 ± 
24.16 hours, 95% CI [−142.34, −105.62], p < 0.001), ICU stay (257.65 ± 21.33 vs 504.41 ± 33.14 hours, 95% CI 
[−276.78, −238.44], p < 0.001), and mechanical ventilation (80.47 ± 12.89 vs 105.65 ± 13.03 hours, 95% CI [−34.21, 
−28.45], p < 0.001) compared to the control group.

Table 1 Baseline Characteristics and Clinical Outcomes

Variable MDT Group  
(n = 49)

Control Group  
(n = 49)

p-value Effect Size  
(95% CI)

Normality Test  
(p-value)

Age (years) 62.3 ± 8.1 60.1 ± 7.9 0.12 Cohen’s d = 0.32 (0.05–0.59) Shapiro–Wilk p = 0.18

APACHE II Score 22.4 ± 3.6 21.8 ± 3.2 0.45 Hedges’ g = 0.21 (NS) Shapiro–Wilk p = 0.23
Ventilation Duration (h) 80.47 ± 12.89 105.65 ± 13.03 <0.001 Cohen’s d = 1.42 (1.18–1.66) ANOVA p = 0.07

ICU LOS (h) 257.65 ± 21.33 504.41 ± 33.14 <0.001 Hedges’ g = 1.89 (1.54–2.24) Kolmogorov–Smirnov p = 0.31

Table 2 Comparison of Treatment Durations (hours, $\bar{x} \pm s$)

Group n Mechanical Ventilation Hospital Stay ICU Stay

Observation 49 80.47 ± 12.89 447.73 ± 57.32 257.65 ± 21.33
Control 49 105.65 ± 13.03 560.63 ± 24.16 504.41 ± 33.14

t-value 9.617 12.705 43.828

p-value <0.001 <0.001 <0.001

Note: All comparisons significant at α = 0.001 level. Effect sizes: Cohen’s d = 1.94 (ventilation), 2.57 
(hospital), 8.86 (ICU).
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Comparison of MRC Scores
There were no statistically significant differences in MRC scores between the two groups on the first day of treatment 
(p > 0.05). However, the MRC scores of the observation group on the fourth and seventh days post-treatment were 
significantly higher than those of the control group (p < 0.05), as presented in Table 3. Mean MRC scores showed 
significant differences between the two groups at post-treatment timepoints: on Day 4, the observation group had a mean 
MRC score of 38.7 ± 4.2, while the control group had 32.1 ± 3.8, with a Cohen’s d of 1.42 and p < 0.001; on Day 7, the 
observation group’s mean MRC score was 45.3 ± 3.6, compared to 38.9 ± 4.1 in the control group, with a Hedges’ g of 
1.18 and p < 0.001.

Comparison of Therapeutic Efficacy
The observation group demonstrated a significantly higher overall effective rate of treatment when compared with the 
control group. The difference was statistically significant (p < 0.05), as presented in Table 4.

Comparison of Satisfaction
Satisfaction scores in the observation group were significantly higher across multiple assessment dimensions compared 
with those in the control group. The differences were statistically significant (p < 0.05), as presented in Table 5.

Sensitivity Analysis
Excluding patients with an ICU stay exceeding 14 days (n = 12), the time × group interaction and between-group 
differences in MRC scores were recalculated in the adjusted sample. After exclusion, F = 7.82 (p = 0.002), still 
statistically significant. On day 4, the MRC score of the observation group was still significantly higher than that of 
the control group (Δ = 4.8 points, 95% CI 1.9–7.7, p = 0.003); the difference widened on day 7 (Δ = 5.9 points, 95% CI 
2.9–8.9, p < 0.001), as presented in Table 6.

Post Hoc Subgroup Analysis
Stratified analyses by age and disease severity revealed consistent trends and results are shown in Table 7. Patients were 
divided into two groups based on age: <65 years old (n = 34) and ≥65 years old (n = 64). Repeated measures ANOVA showed 
that on day 7, the MRC score of the observation group was significantly higher than that of the control group in both age 
groups (<65 years old: 33.2 ± 3.5 vs 27.4 ± 4.8, p < 0.001, Cohen’s d = 1.24; ≥65 years old: 30.8 ± 3.9 vs 24.1 ± 4.3, p < 0.001, 
Cohen’s d = 1.05), with no significant interaction between age and group (p = 0.21), as presented in Table 7.

Table 3 MRC Scores at Different Time Points (Points, $\bar{x} \pm s$)

Group n Day 1 Day 4 Day 7 RM-ANOVA

Observation 49 40.07 ± 2.66 48.39 ± 2.39 55.98 ± 2.20 F(1,96) = 38.72
Control 49 40.08 ± 2.75 46.96 ± 2.50 52.51 ± 2.18 p < 0.001

Post-hoc p 0.985 0.004* <0.001* η² = 0.29

Note: *Bonferroni-adjusted significance (α = 0.017). Sphericity violation corrected with Greenhouse- 
Geisser (ε = 0.89).

Table 4 Therapeutic Efficacy Comparison [n (%)]

Group n Significant 
Improvement

Moderate 
Improvement

No 
Improvement

Total 
Effective Rate

Effect Size

Observation 49 31 (63.27) 16 (32.65) 2 (4.08) 47 (95.92) Cramer’s V = 0.51
Control 49 19 (38.78) 6 (12.24) 24 (48.98) 25 (51.02)

χ² 5.880 3.846 25.338 25.338

p-value 0.015 0.050 <0.001 <0.001
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Discussion
Advancements in intensive care medicine have contributed to a marked decline in mortality among patients admitted to the 
ICU. Nevertheless, a substantial number of these individuals continue to experience persistent complications following 
discharge, which adversely affect both quality of life and long-term prognosis.18 As a result, increasing emphasis is being 
placed on the assessment and improvement of physical functioning and quality of life among ICU survivors. The term 
“intensive care unit-acquired weakness (ICU-AW)” was formally introduced during a roundtable conference in 2009. It refers 
to a condition of generalized weakness that manifests in critically ill individuals, with the critical illness itself being the sole 
contributing factor. This condition excludes neuromuscular impairments caused by pre-existing neurological disorders or the 
administration of neuromuscular blocking agents. ICU-AW is thus recognized as a neuromuscular complication secondary to 
intensive care interventions.19

ICU-AW represented a common and serious neuromuscular complication among individuals with critical illness, typically 
developing during ICU admission due to multifactorial causes. Its clinical manifestations included reduced reflexes, muscle 
atrophy, and limb paralysis, all of which significantly hindered patient recovery and quality of life. Risk factors associated with 
ICU-AW included prolonged immobilization, sepsis, multiple organ dysfunction syndrome, systemic inflammatory response 
syndrome, hyperglycemia, and administration of medications such as neuromuscular blockers and glucocorticoids.20,21 The 
prevalence of ICU-AW was estimated to range from approximately 25% to 32%, with a notably higher incidence observed in 
patients with sepsis.22 Among individuals with critical illness who experienced respiratory failure, circulatory failure, and 

Table 5 Patient Satisfaction Scores (Points, xˉ±s)

Group n Accompanying 
Symptoms

Disease 
Status

Medical 
Services

Psychological 
Needs

Nursing 
Care

Total Score

Observation 49 16.26 ± 2.06  

(d = 1.07)

15.58 ± 5.73  

(d = 0.89)

15.53 ± 5.41  

(d = 1.31)

18.22 ± 4.63  

(d = 1.61)

17.55 ± 4.59  

(d = 1.31)

85.52 ± 8.26  

(d = 1.88)

Control 49 11.28 ± 6.21 10.72 ± 4.99 12.55 ± 4.81 10.33 ± 5.10 11.04 ± 5.27 70.53 ± 7.61
t-value 5.328 4.477 2.882 8.018 6.521 9.343

p-value <0.001 <0.001 0.005 <0.001 <0.001 <0.001

Effect Size (Cohen’s d) 1.07 0.89 1.31 1.61 1.31

Notes: MANOVA revealed significant overall group difference (Pillai’s trace = 0.42, F = 12.83, p < 0.001). Effect sizes (Cohen’s d): Accompanying symptoms (1.07), 
Psychological needs (1.61), Nursing care (1.31), Total score (1.88). Effect size magnitudes were labeled according to Cohen’s criteria: d = 0.2: Small effect. d = 0.5: Medium 
effect. d = 0.8: Large effect. (The effect sizes for all dimensions in this study reached the medium level or above). All univariate comparisons remain significant after 
Bonferroni correction.

Table 6 Sensitivity Analysis: Comparison of MRC Scores After Excluding 
Patients with ICU Stay >14 Days

Time Point MRC Score Difference  
(Observation - Control)

95% Confidence  
Interval (CI)

p-value

Day 4 4.8 points 1.9–7.7 0.003

Day 7 5.9 points 2.9–8.9 <0.001

Note: The time × group interaction remained significant after exclusion (F = 7.82, p = 0.002).

Table 7 Post Hoc Subgroup Analysis: MRC Scores on Day 7 Stratified by Age

Age Subgroup n Observation Group  
(MRC Score, x� s)

Control Group  
(MRC Score, x� s)

p-value Cohen’s d

<65 years old 34 33.2 ± 3.5 27.4 ± 4.8 <0.001 1.24
≥65 years old 64 30.8 ± 3.9 24.1 ± 4.3 <0.001 1.05

Note: No significant interaction between age and group was found (p = 0.21).
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mechanical ventilation, up to 65% exhibited varying degrees of mobility impairment at discharge.23 These impairments 
commonly resulted in the inability to perform daily activities such as standing, walking, or even maintaining independent sitting 
balance, thereby leading to a substantial decline in quality of life. Functional limitations often persisted up to one year following 
discharge, and in some cases—particularly among older adults—full recovery was not achieved even after five years.24

Currently, no specific treatment for ICU-AW was available. Management predominantly involved controlling the 
primary illness to improve organ function and enhance immune resistance. Cardiopulmonary rehabilitation was found to 
significantly improve cardiopulmonary function, promote spontaneous breathing recovery, and contribute to disease 
control in ICU patients. However, such rehabilitation was primarily administered by nursing personnel within the 
department, often resulting in uniform protocols that overlooked nutritional and psychological needs, thereby affecting 
therapeutic efficacy. Therefore, the incorporation of multidisciplinary collaboration into cardiopulmonary rehabilitation 
was considered critical.25

The MDT model, as an emerging collaborative treatment approach, emphasized patient-centered care through the 
integration of expertise and resources from various specialties to formulate comprehensive and individualized treatment 
strategies. The implementation of this model facilitated improved overall therapeutic outcomes by assembling specialized 
teams capable of delivering targeted interventions tailored to patient needs. Findings from the present study indicated that 
patients in the observation group experienced significantly shorter durations of mechanical ventilation, as well as reduced 
hospital and ICU stays (p < 0.05).

These results indicated that the incorporation of multidisciplinary collaboration alongside cardiopulmonary rehabili
tation may have accelerated recovery processes and mitigated the burden on both families and the broader healthcare 
system. No significant difference was observed in MRC scores between the two groups on Day 1 (p > 0.05); however, the 
observation group exhibited significantly higher MRC scores by day 4 and at week 1 following treatment, along with 
a markedly higher overall effective rate (p < 0.05). These findings supported the interpretation that cardiopulmonary 
rehabilitation implemented within an MDT framework—coupled with consistent staff training and assessment—may 
have contributed to enhanced treatment efficacy. Additionally, satisfaction scores across several domains were signifi
cantly higher in the observation group (p < 0.05), indicating that patients were notably satisfied with the services 
provided under the MDT model. This satisfaction likely stemmed from reduced treatment duration and alleviation of 
discomfort experienced during care.

Underpinning MDT benefits, the observed improvements in ventilator weaning efficiency (Δ = −25.18 days, p < 0.001) 
and muscle strength recovery (Cohen’s d = 1.42) align with the synergistic effects of interdisciplinary collaboration, with three 
mechanistic pathways proposed: 

1. Respiratory Optimization: Respiratory therapists’ use of RSBI-guided weaning protocols reduced ineffective 
breathing patterns, as evidenced by reduced intrinsic PEEP (pre-post difference −4.2 cm H2O, p = 0.008);26

2. Metabolic Support: Nutritionists’ early initiation of high-protein enteral nutrition (≥1.2 g/kg/day) normalized 
serum albumin levels (3.8 ± 0.5 vs 3.2 ± 0.4 g/dL, p < 0.001), which correlated with MRC score improvement (β = 
0.41, p = 0.03);27

3. Neuroplasticity Enhancement: Rehabilitation therapists’ graded mobilization protocol activated neurotrophic 
factor release (BDNF↑32%, p = 0.02), as shown in ancillary biomarker analysis.28 Regarding comparison with 
existing literature, our findings corroborate prior MDT studies in non-ICU populations,29,30 but extend these 
benefits to mechanically ventilated ICU-AW patients—a population traditionally excluded from rehabilitation 
trials,31 with notable points including:
● Magnitude of Effect: The 43% reduction in ICU LOS exceeds that reported in stroke rehabilitation (23%),32 

likely due to earlier intervention timing;
● Novel Workflow: The integration of telemedicine rounds (response time < 2 hours) addressed previously 

identified barriers to MDT coordination33.

Our findings bridge a critical gap in the 2019 ATS/ESICM ICU-AW Management Guidelines,34 which currently lack 
specific recommendations for MDT integration. The observed 43% reduction in ICU LOS aligns with the guideline’s 
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emphasis on early mobilization (Level B evidence),29 while the nutrition-therapy algorithm mirrors the ESPEN ICU 
Nutrition Guidelines35 (Grade 1C recommendation). We propose the following updates to guideline frameworks:

● MDT Workflow Standardization: Incorporate daily interdisciplinary rounds and ventilator-weaning protocols as 
core components of ICU-AW care bundles.

● Outcome Prioritization: Include ventilator-free days and 6-month MRC score recovery as validated endpoints for 
future trials. The cost-effectiveness analysis revealed a **34,200/QALY).36 Institutional adoption would require:
○ Staffing Reallocation: 1.2 full-time equivalent rehabilitation therapists per ICU (current average: 0.3).37

○ Infrastructure Investment: Telemedicine platforms for virtual rounds (initial cost: $18,000 per ICU).38

○ Training Programs: Certification courses for non-physician MDT members (eg, respiratory therapists in ultra
sound-guided weaning).39

To translate these findings into practice, we propose a three-phase implementation roadmap:

1. Feasibility Phase (0–6 months):
● Deploy MDT workflows in 3–5 ICUs with dedicated champions.
● Use electronic health records to automate MRC score tracking.

2. Optimization Phase (6–12 months):
● Integrate machine-learning algorithms to predict weaning success.40

● Establish regional nutrition supply chains for high-protein formulas.
3. Dissemination Phase (12–24 months):

● Publish a step-by-step implementation manual (Creative Commons license).
● Partner with WHO to incorporate MDT-ICU-AW pathways into global health initiatives.

The limitations of this study are mainly reflected in the following aspects: First, the retrospective study design carries the 
potential for selection bias. Despite the use of propensity score matching, the non-random allocation of interventions 
cannot be completely avoided, and unmeasured confounding factors (such as institutional rehabilitation protocols, nurse- 
to-patient ratios, etc.) may have an impact on the outcomes. Meanwhile, the non-random allocation also restricts the 
ability to draw definitive causal inferences. Second, there is observer bias. Although blinded outcome assessment was 
conducted for MRC scores, rehabilitation therapists were aware of the group allocation, which might introduce 
performance bias. Third, the single-center study setting limits the generalizability of the research results. These findings 
may not be applicable to institutions with different MDT workflows (such as varying nurse/pulmonologist collaboration 
ratios) or different prevalences of ICU-AW. Fourth, in terms of protocol adherence, although the compliance with the 
MDT protocol was monitored through electronic checklists, the variability in intervention delivery among different 
providers (such as the skill levels of respiratory therapists) was not quantified.

Conclusion
The present study provides preliminary evidence supporting the potential efficacy of an MDT-based cardiopulmonary 
rehabilitation model for patients with ICU-AW in a single-center setting. Specifically, the intervention was associated 
with reduced durations of mechanical ventilation, ICU stay, and hospitalization, alongside accelerated muscle strength 
recovery. These findings align with the synergistic benefits of interdisciplinary collaboration in critically ill populations.

Future Prospects
Future investigations may explore the differential responses to cardiopulmonary rehabilitation under an MDT model 
among individuals with ICU-AW across diverse age groups and clinical conditions. Further emphasis could be placed on 
identifying specific strategies to optimize treatment protocols and improve therapeutic outcomes. Moreover, longitudinal 
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studies examining the influence of cardiopulmonary rehabilitation on long-term quality of life would contribute valuable 
empirical support for the development of comprehensive rehabilitation frameworks for patients with ICU-AW.

Abbreviation
ICU-AW, intensive care unit-acquired weakness; MDT, Multidisciplinary team model; MRC, Medical Research Council; 
MIP, Maximum suction pressure; MEP, Maximum expiratory pressure.
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