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Abstract: Objectives: To evaluate the efficacy and safety of a multidisciplinary team (MDT)-based cardiopulmonary 
rehabilitation model in patients with intensive care unit-acquired weakness (ICU-AW). Methods: Between January 
2020 and June 2023, 80 ICU patients were enrolled: 40 received standard cardiopulmonary rehabilitation (con-
trol group), and 40 underwent MDT-based rehabilitation (observation group). Outcome measures included ICU-
AW incidence, muscle strength Medical Research Council (MRC) scores, upper/lower limb strength, Barthel Index 
Sequential Organ Failure Assessment (SOFA) Acute Physiology and Chronic Health Evaluation (APACHE) II scores, du-
ration of ICU and hospital stay, mechanical ventilation time, complications, and patient satisfaction. Predictive vari-
ables for ICU-AW were also analyzed. Results: On days 4 and 7 post-intervention, ICU-AW incidence was significantly 
lower in the observation group (both P < 0.05). MRC scores, limb muscle strength, Barthel Index, and satisfaction 
were significantly higher in the observation group (all P < 0.05), while SOFA, APACHE II scores, ICU stay, hospital stay, 
and ventilation duration were significantly lower (all P < 0.05). SOFA scores declined from day 5, with lower values 
in the observation group (P < 0.05). The risk of ICU-AW in the observation group was a significant reduction in risk 
than in the control group (OR = 0.067, 95% CI: 0.005-0.606, P = 0.017). No significant differences in complications 
were observed (P > 0.05). Conclusions: MDT-based cardiopulmonary rehabilitation significantly improves muscle 
strength, functional status, and patient satisfaction, while reducing ICU-AW incidence, ICU and hospital stay, and 
ventilation duration. These findings support its broader clinical application in ICU-AW management.

Keywords: Multidisciplinary collaboration, cardiopulmonary rehabilitation, efficacy observation

Introduction

Intensive Care Unit-Acquired Weakness (ICU-
AW) refers to muscle weakness and functional 
deterioration that develops during ICU hos- 
pitalization, particularly affecting cancer pa- 
tients. Prolonged mechanical ventilation and 
bed rest - common in this population - contrib-
ute to muscle atrophy and further decline in 
functional capacity [1]. ICU-AW not only increas-

es mortality risk but also extends hospital 
stays, raises healthcare costs, and significantly 
impairs patients’ quality of life [2].

Cancer patients are especially vulnerable to 
ICU-AW due to the nature of their disease and 
the adverse effects of treatments such as che-
motherapy and radiotherapy. Chemotherapy-
related fatigue, nausea, and vomiting, along 
with potential muscle and nerve damage 
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caused by radiotherapy, compound the risk of 
weakness and immobility [3].

With advances in critical care, the focus has 
shifted from merely reducing mortality to 
improving long-term quality of life for survivors 
[4]. As a result, ICU-AW has received growing 
academic attention, leading to both theoretical 
advancements and practical applications.

Cardiopulmonary rehabilitation aims to en- 
hance cardiopulmonary function, increase 
exercise tolerance, and improve overall quality 
of life [5]. For cancer patients with ICU-AW, it 
plays a crucial role in restoring muscle strength 
and physical function, minimizing complica-
tions, shortening hospitalization, and improving 
survival outcomes [6]. However, many rehabili-
tation programs lack individualized guidance 
and fail to fully address patients’ comprehen-
sive needs, including psychological support 
and nutritional care. Furthermore, the compart-
mentalization of medical disciplines often hin-
ders the development of standardized, holistic 
treatment strategies, resulting in variable out-
comes [7, 8].

A multidisciplinary team (MDT) approach helps 
bridge these gaps by facilitating communica-
tion across specialties and delivering personal-
ized, integrated care. This model enables the 
design of comprehensive rehabilitation pro-
grams that better address the complex needs 
of patients, ultimately improving therapeutic 
outcomes and quality of life [9].

Studies have shown that early rehabilitation 
guided by MDTs in critically ill patients can 
enhance organ function and reduce hospital-
acquired infections, supporting its feasibility 
and safety. Therefore, in this study, MDT inter-
ventions were initiated within 24 hours of 
mechanical ventilation in the ICU, based on 
physician evaluation, with early cardiopulmo-
nary rehabilitation provided to eligible patients 
[10, 11].

This study aims to provide evidence for clinical 
practice by evaluating the efficacy and safety of 
a multidisciplinary cardiopulmonary rehabilita-
tion model in cancer patients with ICU-AW. The 
objective is to optimize rehabilitation strategies 
and improve both outcomes and quality of life 
in this vulnerable patient population.

Materials and methods

Sample size calculation

This study was designed as a prospective clini-
cal trial. An initial sample size of 36 patients 
per group was calculated based on α = 0.05, β 
= 0.20 (two-tailed), δ (p1-p2) = 0.21, and an 
estimated incidence of ICU-AW of p1 = 0.23, 
derived from previous data collected at Wuhan 
University of Science and Technology Affiliated 
Geriatric Hospital and relevant literature [12]. 
To account for a potential 10% loss due to drop-
out or refusal to participate, the final minimum 
sample size was adjusted to 40 patients per 
group.

Study design

A total of 80 patients diagnosed with ICU-AW 
were enrolled between January 2020 and June 
2023 from the Intensive Care Units of the 
Geriatric Hospital Affiliated with Wuhan Uni- 
versity of Science and Technology and Wuhan 
Puren Hospital. Randomization was performed 
using the sealed-envelope method to ensure 
single-blind allocation. Both participants and 
investigators were unaware of group assign-
ments, with a 1:1 allocation ratio. The random 
sequence was generated by an independent 
statistician using computerized software. After 
applying the inclusion and exclusion criteria 
and accounting for refusals and confounding 
factors, 40 patients were assigned to the con-
trol group and 40 to the observation group.

Inclusion criteria: (1) All participants were diag-
nosed with cancer; (2) All met the diagnostic 
criteria for ICU-AW, including ICU admission for 
> 24 hours, mechanical ventilation, and an 
MRC score assessment. Patients performed 
movements such as neck flexion, neck exten-
sion, and shoulder abduction based on their 
physical condition. The MRC scoring system 
ranges from 0 (complete paralysis) to 5 (normal 
strength) per muscle group, with a total maxi-
mum score of 60. A total MRC score < 48  
was considered diagnostic for ICU-AW; (3) 
Patients who could not be weaned from the 
ventilator within 24 hours; (4) Informed consent 
was obtained from patients or their legal 
representatives.

Exclusion criteria: (1) Patients with unstable 
conditions, including those at risk of cardiac 
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arrest, respiratory failure, or multiple organ dys-
function; (2) Patients with pre-existing move-
ment disorders, unstable limb fractures, spinal 
injuries (cervical/thoracic), deep vein thrombo-
sis, or pulmonary embolism, which contraindi-
cated positional changes; (3) Patients who 
failed to comply with medical treatment or 
could not cooperate with the clinical team; (4) 
Patients who had previously withdrawn, were 
discharged prematurely, or were excluded at 
the request of family members.

The trial protocol was reviewed and approved 
by the Ethics Committee of the Wuhan Univer- 
sity of Science and Technology Affiliated Geri- 
atric Hospital (Approval No. 20241206001). 
Informed consent was obtained from all partici-
pants and/or their family members, with sign- 
ed consent forms collected. Participant recruit-
ment and group allocation were illustrated in a 
CONSORT flow diagram (Figure 1).

Interventions

Control group: The control group received stan-
dard ICU rehabilitation and nutritional support, 
including the following components:

(1) Psychological support: Patients were guided 
in managing negative emotions through envi-
ronmental modifications, psychological coun-

Observation group: In addition to the interven-
tions provided to the control group, the obser-
vation group received structured cardiopulmo-
nary rehabilitation under a MDT framework.

(1) Multidisciplinary team formation [13]: The 
MDT was composed of professionals from mul-
tiple specialties, with specific responsibilities 
outlined in Table 1.

(2) MDT member training [14]: Upon team for-
mation, a structured one-month training pro-
gram was launched to promote interdisciplinary 
collaboration and skill acquisition.

Week 1: The training began with theoretical 
instruction. Leading experts delivered lectures 
on the history, principles, and recent advance-
ments in multidisciplinary collaboration. These 
sessions aimed to enhance participants’ under-
standing of the value of interdisciplinary team-
work and clarify their individual roles.

Week 2: The Department of Rehabilitation 
Medicine organized two targeted courses for 
ICU physicians and nurses. Delivered using  
a centralized teaching model, the sessions 
focused on the theoretical underpinnings and 
technical aspects of cardiopulmonary rehabili-
tation, equipping ICU staff to address common 
clinical challenges during rehabilitation.

Figure 1. The recruitment diagram of the subjects.

seling, and family engagement, 
aiming to improve emotional 
well-being and compliance.

(2) Physical exercise: Exerci- 
se regimens were customized 
and gradually intensified ba- 
sed on the patient’s condition, 
incorporating both passive and 
active movements.

(3) Respiratory training: Bre- 
athing exercises focused pri-
marily on pursed-lip and dia-
phragmatic techniques to en- 
hance pulmonary function.

(4) Airway clearance: Methods 
included postural drainage, 
chest oscillation, and assisted 
coughing to facilitate mucus 
clearance and improve venti- 
lation.
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Weeks 3-4: ICU nurses underwent hands-on 
operational training three times per week, 
supervised by rehabilitation physicians. These 
sessions emphasized skill refinement in key 
nursing procedures essential for ICU-based 
cardiopulmonary rehabilitation.

Final evaluation: The training concluded with a 
competency assessment conducted by the 
rehabilitation department. Nurses who passed 
the evaluation received hospital certification, 
authorizing them to carry out ICU respon- 
sibilities.

Monthly training sessions continued thereafter, 
progressively enhancing the practical compe-
tencies of MDT members.

(3) Implementation of MDT [15]: The intensivist 
used clinical judgment to initiate MDT con- 
sultations after discussions with the patient’s 
family and obtaining informed consent. The 
MDT convened promptly to conduct a compre-
hensive assessment of the patient’s condition 
and determine the optimal timing and strategy 
for intervention.

Respiratory physicians managed all aspects of 
respiratory care, including ventilator setting 
adjustments, evaluation of weaning readiness, 
and implementation of the weaning protocol.

Rehabilitation physicians and nursing staff  
collaboratively designed and implemented a 

phased rehabilitation program in coordination 
with the attending physicians. Each rehabilita-
tion plan was tailored to the patient’s evolving 
condition:

Phase I: Respiratory and pulmonary rehabilita-
tion included airway suctioning and sputum 
evaluation. Multi-frequency vibration therapy 
was applied three times daily for 20 minutes 
per session to aid sputum clearance. Patients 
underwent weaning training, extubation pre- 
paration, and active respiratory muscle ex- 
ercises.

Passive exercises involved elevating the head 
of the bed to 30° and placing patients in a  
comfortable lateral position for turning and 
assisted percussion (10 minutes per session, 
3-4 times daily). Passive joint range-of-motion 
exercises - flexion, extension, adduction, ab- 
duction, pronation, and supination - were per-
formed on all limbs twice daily, with at least 8 
repetitions per movement. Neuromuscular 
electrical stimulation (NMES) targeting major 
lower limb muscles (e.g., quadriceps, tibialis 
anterior) was administered once daily for up to 
30 minutes. Pneumatic compression therapy 
was also applied to the lower limbs three times 
daily, 15 minutes per session.

Active exercises emphasized joint mobility 
against gravity, active bed turning, and activi-
ties of daily living (ADLs) training, such as main-

Table 1. Personnel allocation in the DMT group
Members of the group Division of responsibility
Director of intensive care Unit General manager responsible for the overall execution of the project.

Intensive care unit nurses Charged with establishing and overseeing the WeChat group for the MDT, this role involves coordinat-
ing communication among staff from different departments, organizing training sessions, convening 
meetings, facilitating discussions, and disseminating pertinent information.

Deputy chief of rehabilitation Department Accountable for the consultation, risk assessment, and formulation of individualized rehabilitation 
plans for patients undergoing cardiopulmonary rehabilitation.

Deputy Director of intensive care Unit To proficiently diagnose ICU-AW in patients and preliminarily assess the feasibility of cardiopulmonary 
rehabilitation, while also engaging with family members to ascertain their willingness to participate 
in actual cardiopulmonary resuscitation (CPR) protocols. Concurrently, the efficacy and safety of 
cardiopulmonary function recovery were monitored throughout the rehabilitation process.

Intensive Care Nurses Cardiopulmonary recovery was performed.

Respiratory physicians Patient respiratory function was closely monitored, and a comprehensive assessment of the indica-
tions and risks associated with mechanical ventilation, respiratory therapy, weaning, and extubation 
was performed.

Rehabilitation physician Comprehensive training and guidance were provided to intensive care unit (ICU) nursing staff in 
cardiopulmonary rehabilitation, ensuring that they possessed the requisite knowledge and skills for 
delivering high-quality patient care.

Psychological counseling consultant To evaluate and intervene the psychological status of patients with ICU-AW.

Nutritionist Patient nutritional status was comprehensively assessed, followed by the implementation of targeted 
nutritional interventions.

Note: ICU-AW: ICU-acquired weakness; MDT: multidisciplinary diagnosis and treatment.
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taining bed posture, oral care, face washing, 
feeding, and dressing.

Phase II: Patients sat on the edge of the bed 
with legs suspended for up to 30 minutes per 
session, twice daily.

Phase III: Patients performed bed-to-chair 
transfers at least 15 times daily. Ambulation 
training with a walker was conducted for a mini-
mum of 30 minutes per session, twice daily, 
until successful weaning from mechanical 
ventilation.

Nursing staff assisted with rehabilitation exer-
cises, monitored vital signs, administered med-
ications, and performed essential care tasks, 
including oral hygiene, skin care, and ventilator 
tube maintenance.

Psychological counselors engaged in daily ses-
sions with patients to assess mental status, 
alleviate anxiety, fear, and treatment resis-
tance, and foster motivation. They also facili-
tated bedside family visits to enhance emotion-
al well-being.

Dietitians developed individualized meal plans 
based on patient preferences, emphasizing a 
diet low in fat and sodium but rich in calcium 
and essential nutrients.

Throughout the rehabilitation process, the  
MDT conducted ongoing evaluations of patient 
status and treatment efficacy to adjust the 
intensity and duration of interventions accord-
ingly. MDT-based care was discontinued if the 
patient’s condition changed significantly or at 
the time of discharge.

Outcome measures

The primary outcome of this study was the inci-
dence of ICU-AW, assessed on post-interven-
tion days 1, 4, and 7. Secondary outcomes 
included:

The total Medical Research Council (MRC) 
score, evaluated at baseline, during, and after 
the intervention, along with separate assess-
ments of upper and lower limb muscle strength 
before and after the intervention [12].

Functional independence, measured using the 
Barthel Index throughout the intervention peri-
od [16]. 

Organ failure, assessed using the Sequential 
Organ Failure Assessment (SOFA) score at 
baseline, during, and after the intervention 
[17].

Acute and chronic health status, evaluated via 
the Acute Physiology and Chronic Health 
Evaluation II (APACHE II) score before and after 
the intervention [18].

Other outcomes included ICU length of stay, 
total hospital stay, duration of mechanical ven-
tilation, incidence of complications (e.g., venti-
lator-associated pneumonia), and patient satis-
faction at discharge.

The MRC sum score [12] evaluates muscle 
strength across six bilateral muscle groups, 
ranging from 0 (quadriplegia) to 60 (normal 
strength), with scores < 48 commonly used to 
diagnose ICU-AW. Although widely regarded as 
the gold standard, MRC assessment is subject 
to inter-rater variability due to its subjective 
nature.

The Barthel Index [16] assesses 10 basic ADLs; 
higher scores reflect greater independence and 
self-care capacity.

The SOFA score [17] evaluates six organ sys-
tems, including hematologic, respiratory, and 
circulatory functions, with a maximum score of 
24. Higher scores indicate greater severity of 
illness.

The APACHE II score [18] includes 12 physiolog-
ical parameters, with a maximum of 71 points. 
A score ≥ 15 indicates critical illness.

Patient satisfaction was measured using a self-
developed questionnaire from our department, 
completed by patients prior to discharge. The 
questionnaire included 20 items covering diag-
nostic services, disease condition, nursing ser-
vices, psychological needs, and accompanying 
symptoms. Each item was rated on a 5-point 
Likert scale (1 = very dissatisfied to 5 = very 
satisfied), for a total possible score of 100.

All outcome measures used in this study have 
demonstrated validity and reliability in ICU/
acute care settings. Baseline assessments 
were conducted by recruiting nurses. Function- 
al outcomes (MRC sum score, Barthel Index)  
during and after ICU stay were independently 
evaluated by two physiotherapists. All other 
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clinical outcomes were recorded by research 
personnel.

Quality control

All interventions were administered by senior 
specialists with over 10 years of clinical experi-
ence. Data used for statistical analysis were 
reviewed and verified by the MDT leader to 
ensure accuracy and reliability.

Statistical analysis

Statistical analysis was performed by an inde-
pendent statistician using SPSS version 27.0 
and GraphPad Prism version 9.1.1. The 
Shapiro-Wilk test and Levene’s test were used 
to assess normality and homogeneity of vari-
ance, respectively.

Data conforming to normal distribution were 
presented as mean ± standard deviation (

_
x  ± 

s). Between-group comparisons were per-
formed using one-way ANCOVA, and within-
group comparisons used paired t-tests. Non-
normally distributed data were expressed as 
median and interquartile range, and compared 
using the Wilcoxon test. Categorical data, 
expressed as frequencies (n) and percentages 
(%), were analyzed using Chi-Square Test. The 
measurements at different time points were 
measured by repeated measure ANOVA and 
posthoc pair comparison (LSD).

A logistic regression model was applied to 
assess the effect of the observation group on 
ICU-AW incidence, adjusting for covariates  
such as APACHE II and MRC scores. Covariate 
selection followed the change-in-estimate 
approach: covariates producing < 10% change 
in the odds ratio (OR) upon removal were 
excluded from the final model. Statistical sig-
nificance was set at P < 0.05.

Results

Comparison of patient characteristics

The demographic and baseline clinical charac-
teristics of participants were well balanced 
between the control and observation groups. 
No statistically significant differences were 
observed in age, sex, BMI, education level, can-
cer type, APACHE II score, PaCO2, PaO2/FiO2 
ratio, or mean arterial pressure (MAP) (all P > 
0.05; Table 2).

Comparison of ICU-AW incidence

On day 1 of treatment, there was no significant 
difference in the incidence of ICU-AW between 
the two groups (P > 0.05). However, by days 4 
and 7, the incidence of ICU-AW was significan- 
tly lower in the observation group compared to 
the control group (both P < 0.05; Table 3).

Comparison of muscle strength assessment 
indicators

Prior to the intervention, no significant differ-
ences were found between groups in MRC 
scores, upper limb strength, or lower limb 
strength (all P > 0.05). Post-intervention, both 
groups showed significant improvements in all 
three indicators (all P < 0.05). Moreover, the 
observation group demonstrated significantly 
higher post-intervention scores in MRC, upper 
limb, and lower limb strength compared to the 
control group (all P < 0.05; Figure 2).

Comparison of daily MRC score, Barthel index 
and SOFA score (days 0-7)

From day 0 to day 7, both groups exhibited a 
progressive increase in MRC scores starting 
from day 4, with the observation group consis-
tently showing higher scores than the control 
group (P < 0.05; Figure 3A). The Barthel Index 
also improved significantly in both groups (P < 
0.05), following a pattern similar to that of  
MRC score changes (Figure 3B). SOFA scores 
declined in both groups beginning on day 5, 
with the observation group exhibiting signifi-
cantly lower scores compared to the control 
group (P < 0.05; Figure 3C).

Comparison of treatment duration parameters

Patients in the observation group had signifi-
cantly shorter ICU stays, total hospital stays, 
and durations of mechanical ventilation than 
those in the control group (all P < 0.05; Figure 
4).

Comparison of SOFA and APACHE II scores 
post-intervention and complications during 
treatment

Post-intervention, both SOFA and APACHE II 
scores were significantly lower in the observa-
tion group compared to the control group (both 
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P < 0.05). One case of ventilator-associated 
pneumonia occurred in the control group, while 
no such cases were reported in the observa- 
tion group. However, this difference in compli-
cation rates was not statistically significant (P > 
0.05; Table 4).

Scores for diagnostic and treatment services, 
disease condition, nursing care, psychological 
support, accompanying symptoms, and overall 
satisfaction were all significantly higher in the 
observation group than in the control group (all 
P < 0.05; Table 6).

Table 2. Patient characteristics
Parameter Control (n = 40) Observation (n = 40) t/χ2 P
Age (years, mean ± SD) 51.71 ± 15.53 52.06 ± 15.11 0.102 0.919
Sex (n%) 0.058 0.809
    Male 27 (67.50) 28 (70.00)
    Female 13 (32.50) 12 (30.00)
BMI (kg/m2, mean ± SD) 24.23 ± 4.02 23.98 ± 3.86 0.284 0.777
Education level 1.736 0.629
    Primary school or less 11 (27.50) 11 (27.50)
    Middle school 17 (42.50) 12 (30.00)
    High school 8 (20.00) 11 (27.50)
    College or above 4 (10.00) 6 (15.00)
Types of cancer (n%) 2.293 0.807
    Lung cancer 8 (20.00) 9 (22.50)
    Gastric cancer 8 (20.00) 8 (20.00)
    Colorectal cancer 7 (17.50) 8 (20.00)
    Breast cancer 6 (15.00) 7 (17.50)
    Prostate cancer 5 (12.50) 6 (15.00)
    Others 6 (15.00) 2 (5.00)
Comorbidities (n%) 1.077 0.956
    Renal failure 6 (15.00) 5 (12.50)
    Gastrointestinal/Liver diseases 4 (10.00) 6 (15.00)
    Respiratory diseases 3 (7.50) 4 (10.00)
    Acute pancreatitis 4 (10.00) 3 (7.50)
    Heart diseases 2 (5.00) 3 (7.50)
    Others 21 (52.50) 19 (47.50)
APACHA II score (score, mean ± SD) 15.41 ± 2.11 15.42 ± 2.08 0.021 0.983
PaCO2 (muHg, mean ± SD) 50.16 ± 7.13 50.54 ± 7.87 0.226 0.822
PxOFiO2 (mmHg, mean ± SD) 138.79 ± 8.11 137.17 ± 5.02 1.074 0.286
MAP (mmHg, mean ± SD) 94.66 ± 6.52 95.85 ± 7.23 0.773 0.442
Note: PaCO2: Partial Pressure of Carbon Dioxide in Arterial Blood; PxO2/FiO2: Ratio of Partial Pressure of Oxygen in Arterial 
Blood to Fraction of Inspired Oxygen; MAP: Mean Arterial Pressure; BMI: Body Mass Index; APACHE II: Acute Physiology and 
Chronic Health Evaluation II.

Table 3. Comparison of ICU-AW incidence between the 
two groups (n%)
Group Day 1 Day 4 Day 7
Control (n = 40) 2 (5.00) 6 (15.00)a 8 (20.00)a,b

Observation (n = 40) 1 (2.50) 1 (2.50)a 2 (5.00)a,b

t 0.346 3.914 4.114
Р 0.556 0.048 0.043
Note: Compared to day 1, aP < 0.05; compared to Day 4, bP > 0.05.

Analysis of predictive variables for 
ICU-AW

The risk of developing ICU-AW in the 
observation group was a significant 
reduction in risk than in the control 
group (OR = 0.067, 95% CI: 0.005-
0.606, P = 0.017; Table 5).

Comparison of patient satisfaction
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Discussion

The findings of this study demonstrate that, 
compared to conventional rehabilitation thera-
py, MDT-based cardiopulmonary rehabilitation 
significantly improves the prevention of ICU- 
AW, muscle strength, functional independence, 
organ function, ICU stay duration, total hospi-
talization time, mechanical ventilation dura-

tion, and patient satisfaction. During the inter-
vention period, one case of ventilator-associat-
ed pneumonia occurred in the control group, 
whereas no such cases were reported in the 
observation group; however, the difference  
in complication rates was not statistically 
significant.

The results also indicated a gradual increase in 
ICU-AW incidence with prolonged mechanical 
ventilation in both groups, particularly between 
days 4 and 7 post-intervention - an observa- 
tion consistent with the findings of Sinha et al. 
[19]. No significant difference in ICU-AW inci-
dence was found between the two groups on 
the first day of intervention. However, by days 4 
and 7, the incidence was significantly lower in 
the observation group, suggesting that MDT-
based cardiopulmonary rehabilitation effec-
tively prevents ICU-AW, aligning with the results 
reported by Anekwe et al. [20].

Anekwe’s study emphasized the importance of 
early, comprehensive rehabilitation in counter-
acting physiological changes associated with 
ICU-AW, including muscle mass preservation 

Figure 2. Comparison of muscle strength assessment indicators between two groups. Note: A: MRC scores; B: Upper 
limb muscle strength scores; C: Lower limb muscle strength scores; MRC, Medical Research Council; *: P < 0.05; 
**: P < 0.01; ***: P < 0.001.

Figure 3. Comparison of mean daily MRC score, Barthel index and SOFA score per trial day 0-7 for the two groups. 
Note: A: MRC scores; B: Barthel index; C: SOFA scores; MRC, Medical Research Council; SOFA, Sequential Organ 
Failure Assessment; *: P < 0.05; **: P < 0.01.

Figure 4. Comparison of treatment duration param-
eters between the two groups. Note: *: P < 0.05; **: 
P < 0.01.
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and neuromuscular function recovery. Similarly, 
a meta-analysis by Huang et al. [21] consoli-
dated evidence from multiple studies, conclud-
ing that early mobility and rehabilitation pro-
grams significantly reduce ICU-AW risk. Pro- 
posed mechanisms include reduction of sys-
temic inflammation, prevention of muscle atro-
phy, and maintenance of neuromuscular con-
nectivity. These mechanisms are consistent 
with our study’s findings and support the 
hypothesis that MDT-based rehabilitation may 
exert protective effects via similar physiological 
pathways.

The MRC score remains a key indicator in evalu-
ating the prognosis of ICU-AW patients [22]. In 
the present study, both groups exhibited post-
intervention improvements in MRC scores, 
upper limb, and lower limb muscle strength, 
with the observation group showing significant-
ly greater gains. These findings are supported 
by Zhou et al. [12], who reported that early 
activity-based nursing interventions reduced 
ICU-AW incidence and improved MRC scores 
compared to routine care.

Our study further supports the notion that  
early MDT-guided cardiopulmonary rehabilita-

ing physiological, psychological, and nutritional 
dimensions, the MDT approach enables per-
sonalized, precise rehabilitation, thereby im- 
proving overall treatment outcomes.

The SOFA score is widely used to assess and 
monitor organ dysfunction in critically ill 
patients. It allows for the repeated quantifica-
tion of individual or multiple organ dysfunc- 
tions over time, thereby characterizing the pro-
gression or resolution of organ failure [19]. The 
Barthel Index reflects a patient’s level of func-
tional independence and is useful for evaluat-
ing disability and changes in functional status 
over time [25].

To capture changes in muscle strength, func-
tional independence, and organ function during 
the intervention period, this study assessed 
MRC scores, Barthel Index, and SOFA scores 
for both groups over a 7-day period. Results 
showed that from day 0 to day 7, MRC scores 
gradually increased in both groups starting 
from day 4, with consistently higher scores in 
the observation group. The Barthel Index also 
improved significantly in both groups, mirroring 
the trend seen in MRC scores. SOFA scores 
began to decline from day 5, with significantly 
lower scores observed in the observation 
group.

These findings are consistent with a study by 
Othman et al. [2], in which early mobilization 
significantly reduced the incidence of ICU-AW 
on days 4, 7, and 10. The experimental group in 
their study also demonstrated higher MRC 
scores compared to the control group, indicat-
ing better muscle strength. Similarly, our resul- 
ts suggest that early MDT-based cardiopulmo-
nary rehabilitation improves muscle strength, 
functional independence, and organ function.

Table 4. Comparison of the SOFA and APACHE II scores after the in-
tervention and complications during the intervention period between 
the two groups

Group SOFA (scores, 
mean ± SD)

APACHE II (scores, 
mean ± SD)

Complication 
(pneumonia) (n%)

Control (n = 40) 5.23 ± 2.11 17.12 ± 4.66 1 (2.5%)
Observation (n = 40) 4.16 ± 2.44 14.23 ± 6.46 0 (0.00%)
t/χ2 2.098 2.295 1.013
Р 0.039 0.024 0.314
Note: SOFA: Sequential Organ Failure Assessment; APACHE II: Acute Physiology and 
Chronic Health Evaluation II.

Table 5. Impact of interventions on ICU-AW 
during ICU stay adjusted for covariates
Variables OR (95% CI) P
MRC score 1.269 (1.025-1.571) 0.029
APACHE II score 1.222 (1.072-1.392) 0.003
Study group
    Control Referent 0.026
    Observation 0.067 (0.005-0.606) 0.017
Note: MRC: Medical Research Council; APACHE II: Acute 
Physiology and Chronic Health Evaluation II; ICU-AW: 
intensive care unit-acquired weakness.

tion promotes muscle fiber 
contraction and stretch, 
which may be particularly 
effective in preserving or 
enhancing lower limb mus-
cle strength [23]. This ben-
efit may stem from the 
physical stimulation provid-
ed by early mobilization, as 
well as the MDT’s ability  
to tailor rehabilitation pro-
grams based on individual 
patient needs. By address-



MDT cardiopulmonary rehabilitation in cancer patients with ICU-AW: clinical efficacy and safety

2436 Am J Cancer Res 2025;15(5):2427-2438

The potential mechanisms underlying these 
improvements include prevention of muscle 
atrophy through early mobilization, enhanced 
maintenance of muscle mass and strength, 
and improved cardiopulmonary function, which 
in turn supports organ perfusion and oxygen-
ation. Moreover, the MDT model enables com-
prehensive, individualized treatment plans  
tailored to patients’ specific conditions and 
comorbidities, further enhancing recovery 
outcomes.

Difficulties in weaning from mechanical ventila-
tion are a major contributor to prolonged ICU 
stays, increased healthcare costs, and resour- 
ce strain [26]. In this study, the ICU stay, total 
hospital stay, and mechanical ventilation dura-
tion were significantly shorter in the observa-
tion group than in the control group. This bene-
fit is likely attributable to the early implemen- 
tation of MDT-led cardiopulmonary rehabilita-
tion, which allows patients to safely participate 
in targeted physical and respiratory exercises, 
thereby accelerating ventilator weaning and 
recovery [27].

Post-intervention SOFA and APACHE II scores 
were significantly lower in the observation 
group, further confirming the effectiveness of 
early multidisciplinary rehabilitation. Only one 
case of ventilator-associated pneumonia oc- 
curred during the study, in the control group, 
with no statistically significant difference in 
complication rates. After adjusting for covari-
ates, the risk of ICU-AW in the observation 
group was a significant reduction in risk than in 
the control group, indicating that both conven-
tional and MDT-based interventions are safe 
and well-tolerated.

Patient satisfaction was also significantly high-
er in the observation group. This may be due to 
the involvement of a psychological counselor, 
who provided individualized mental health sup-
port and coordinated bedside visits with family 

members. Additionally, dietitians offered cus-
tomized nutrition plans to improve patients’ 
nutritional status. These supportive interven-
tions likely contributed to increased patient 
confidence and enhanced recovery outcomes 
[28, 29].

This study employed a multidisciplinary collab-
orative model for cardiopulmonary rehabilita-
tion in cancer patients with ICU-AW. Results 
confirmed that the model effectively reduced 
the incidence of ICU-AW, shortened mechani- 
cal ventilation and hospital duration, and 
improved muscle strength, functional recovery, 
and patient satisfaction. These findings provi- 
de valuable insights into ICU-AW management 
and underscore the pivotal role of multidisci-
plinary teams in critical care rehabilitation.

However, this study has limitations. The rela-
tively short follow-up period may have restrict-
ed the evaluation of long-term or stage-specific 
outcomes, and the increased workload for 
healthcare professionals under the MDT model 
may limit its scalability in resource-constrained 
settings.

In conclusion, MDT-based cardiopulmonary 
rehabilitation is a safe and effective strategy 
for improving outcomes in critically ill cancer 
patients with ICU-AW. It significantly reduces 
the incidence of ICU-AW, shortens the duration 
of mechanical ventilation and hospital stay, 
enhances muscle strength and functional inde-
pendence, and increases patient satisfaction, 
with a high level of safety.
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Table 6. Comparison of patient satisfaction between the two groups (scores, mean ± SD)

Group
Diagnostic 

and treatment 
services

Disease 
condition Nursing care Psychological 

support
Accompanying 

symptoms Total score

Control (n = 40) 15.51 ± 5.41 15.56 ± 5.71 17.53 ± 4.57 18.20 ± 4.61 16.24 ± 2.04 85.50 ± 8.24
Observation (n = 40) 12.53 ± 4.81 10.70 ± 4.97 11.02 ± 5.25 10.31 ± 5.08 14.26 ± 4.21 70.51 ± 7.61
t 2.604 4.060 5.915 7.274 2.677 8.685
Р 0.011 < 0.001 < 0.001 < 0.001 0.009 < 0.001

mailto:15997482094@163.com
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