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Abstract: In the intensive care unit (ICU), patients often experience restricted mobility due to their critical condi-
tion, potentially leading to negative effects on both muscle strength and immune function. Previous research has 
highlighted the beneficial effects of early mobilization among patients, regardless of mechanical ventilation status. 
Hence, early bed cycling serves as a potential facilitator for early mobilization and is considered a feasible interven-
tion for critically ill patients within the ICU. To mitigate this concern, we propose a randomized controlled clinical trial 
aiming to assess the efficacy of early bed cycling for patients undergoing mechanical ventilation and analgoseda-
tion. The study will encompass 56 participants randomly assigned to either the treatment or control group, each 
consisting of 28 patients. Participants in both groups will receive health education. However, the control group will 
not receive any therapeutic intervention throughout the study. In contrast, the experimental group will undergo pas-
sive bed cycling of their lower extremities for 20 minutes at a rate of 30 revolutions per minute. Primary outcomes 
will focus on changes in the rectus femoris muscle area and thickness, evaluated using ultrasound, interleukin-6 
(IL-6), IL-10, and nitric oxide (NO) production function. Secondary endpoints will encompass the modified Barthel 
index score, Medical Research Council total score at 1, 2, and 4 weeks following the final treatment session, partici-
pants’ mechanical ventilation duration, rate of extubation in the second week, 28-day survival rate, and occurrence 
of adverse reactions. Any encountered side effects will be duly documented. Statistical analysis will be employed to 
compare patient outcomes between the treatment and control groups.
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Introduction

Intensive Care Unit-Acquired Weakness (ICU-
AW) is a critical complication frequently 
observed in critically ill patients. These individ-
uals often necessitate mechanical ventilation 
and analgosedation due to their unstable con-
dition [1]. Immobility significantly impacts mus-
cle degradation and systemic weakness. Pro- 
longed immobility triggers considerable muscle 
tissue breakdown, resulting in a reduction of 
muscle mass by up to 30% within merely ten 
days. This breakdown primarily manifests in 

decreased muscle fibre size, culminating in  
systemic muscle weakness that affects the 
entire body. Furthermore, immobility not only 
induces localized muscle weakness but also 
precipitates widespread muscle weakness and 
dysfunction throughout the body. The incidence 
of ICU-AW in patients with sepsis ranges from 
60% to 100%. Immediate repercussions of  
ICU-AW encompass delayed ventilator weaning, 
prolonged ICU stays, and extended hospitaliza-
tion. Long-term consequences involve post-dis-
charge limitations in performing daily activities 
and a diminished quality of life [2-4]. Patients 
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frequently endure systemic inflammation due 
to shock, trauma, sepsis, or the critical illness 
itself. Notably, pro-inflammatory cytokines ex- 
acerbate muscle protein degradation in this 
context [5]. Interleukin (IL)-6, among hundreds 
of other cytokines, chemokines, and growth 
factors, operates as a mediator of both innate 
and adaptive immune responses [6, 7]. Addi- 
tionally, IL-6 exerts endocrine and metabolic 
effects on various organs, including the liver, 
adipose tissue, intestines, pancreas, and skel-
etal muscle. However, under certain pathologi-
cal conditions, IL-6 may induce muscle atrophy 
[8]. In the context of skeletal muscle tissue,  
IL-6 might stimulate satellite cell proliferation 
and their integration as new myonuclei into 
existing muscle fibers. While the direct corre- 
lation between these phenomena remains 
incompletely established in vivo, exercises and 
anti-IL-6 receptor-based approaches have been 
recognized as potentially beneficial therapeu- 
tic strategies in combating muscle wasting 
associated with chronic inflammatory condi-
tions [9-11].

Mobilization has demonstrated the potential to 
improve outcomes among critically ill adults, 
leading to notably reduced stays in the ICU and 
hospital, along with enhanced functional recov-
ery [12, 13]. While certain reports suggest that 
implementing an exercise protocol did not sig-
nificantly reduce the duration of mechanical 
ventilation or hospital stays, there were consid-
erable reductions in post-hospital care costs 
and marked improvements in quality of life [14, 
15]. A particular study observed a significant 
enhancement in muscle strength post-inter-
vention through passive cycling [16]. Fur- 
thermore, other studies propose that employ-
ing passive bed cycling could augment anti-
inflammatory processes and bolster the im- 
mune response in critically ill patients, thereby 
mitigating muscle degradation and the onset of 
ICU-AW [14]. A progressive mobilization strate-
gy, ranging from passive and active range of 
motion exercises to dangling, standing, lift 
transfer to a chair, and ambulation, has been 
advocated as an approach to mitigate muscle 
weakness post-critical illness [17]. Conse- 
quently, there exists a necessity to develop 
straightforward yet potent interventions spe- 
cifically targeting ICU-AW to prevent and treat 
this condition effectively.

We endeavoured to investigate the efficacy of  
a customized passive bed cycling program in 
averting muscle degradation, rectifying the 
imbalance of cellular immune factors, and miti-
gating the onset of ICU-AW. Our hypothesis pos-
ited that initiating bed cycling at an early stage 
would prove more effective in preserving mus-
cle strength and mass, fostering a reduction in 
IL-6 levels, and amplifying insulin activity along 
with glucose uptake in muscles.

Material and methods

Study design

This parallel-group, randomized, and single-
blinded (outcome assessors) prospective clini-
cal trial was designed to assess the efficacy  
of early bed cycling for patients undergoing 
mechanical ventilation and analgosedation. 
The flow of the study is illustrated in Figure 1.

Participants will be randomly assigned to either 
the treatment group or the control group at a 
1:1 ratio using a blocked randomization table. 
This table will encompass all potential combi-
nations of a limited series of figures arranged in 
random order, ensuring equal probability for 
patients to be allocated to treatment or control 
groups. The sequence of interventions within 
each block will undergo randomization. This 
iterative process will continue across succes-
sive blocks until all participants have been ran-
domized. Furthermore, both outcome evalua-
tors and statistical analysts will remain blinded, 
devoid of involvement in any aspect of the tri-
al’s design or treatment procedures.

Participants

The study will target patients undergoing me- 
chanical ventilation, invasive sedation, and  
will recruit individuals from Shanghai General 
Hospital, affiliated with Shanghai Jiaotong 
University and Shanghai Sunshine Rehabi- 
litation Center. The inclusion criteria were: 1) 
volunteered to participate in this trial after 
being informed of the objectives, procedures, 
treatments, and potential risks; 2) age ≥18 
years; 3) patients undergoing mechanical venti-
lation and invasive sedation; 4) intubated for a 
minimum of 24 hours; 5) adequate cardiac 
reserve (evidenced by < 20% heart rate vari-
ability at rest), maintaining systolic blood pres-
sure within the range of 90 to 180 mmHg, pre-
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Figure 1. Flow chart of this study.

senting a normal electrocardiogram, peripheral 
capillary oxygen saturation exceeding 90%, a 
fraction of inspired oxygen below 60%, hemo-
globin levels above 7 g/dL, and a platelet count 
exceeding 20,000 cells/mm3 [18]. The exclu-
sion criteria were: 1) pre-existing neurological 
and muscular disorders, encompassing brain 
and spinal cord injuries; 2) limb disability and 
limb instability fractures; 3) malignant tumors; 
4) ongoing active bleeding.

The elimination criteria were: 1) choose to  
leave the clinical trial due to personal reasons; 
2) encounter severe adverse events necessi-
tating withdrawal from the trial; 3) fail to fully 
engage in the treatment or follow-up sessions, 
or 4) demonstrate non-compliance with the 

treatment regimen or inability 
to furnish necessary evalua-
tion-related information.

Ethics approval and consent 
to participate

This trial was structured by  
the guidelines stipulated by 
Consolidated Standards of Re- 
porting Trials (CONSORT 2010) 
(refer to Figure 1), Standards 
for Reporting Interventions in 
Controlled Trials of Non-Phar- 
macologic Treatment [19], as 
well as the Standard Protocol 
Items-Recommendations for 
Interventional Trials (SPIRIT) 
statement and the SPIRIT 
checklist [20]. The study was 
also approved by the Ethics 
Committee of the Institute  
of Shanghai General Hospital 
[(2023)094].

Intervention

Participants in both the con- 
trol and treatment groups will 
receive health education and 
concomitant care and inter-
vention when required. In the 
treatment group, participants 
will receive additional passive 
bed cycling therapy for 20 min-
utes at a speed of 30 revolu-
tions per minute once daily 

during hospitalization. If a severe adverse  
event occurs, the intervention will be halted.

The health education aim is to elucidate the 
participants about their condition and present 
circumstances, fostering a positive attitude 
while providing prompt feedback regarding the 
stability of their vital signs. Our strategy involves 
redirecting their focus, facilitating visits from 
their family members, addressing psychologi-
cal barriers, and alleviating any fears they may 
have.

The concomitant care and intervention: In 
cases of severe symptoms among participants 
in both groups, medications from the first-aid 
kit will be administered. Comprehensive docu-
mentation of medicine type, dosage, and usage 
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will be meticulously recorded on diary cards for 
subsequent analysis. Furthermore, individuals 
managing complex chronic conditions necessi-
tating ongoing medication and essential treat-
ment will have their diseases, medications, and 
therapies documented. Continuous 24/7 moni-
toring of all ICU patients will be conducted by 
registered nurses, while ICU doctors will assess 
patients every 6 hours. In the event of hemody-
namic instability, such as arrhythmias or hypo-
tension caused by passive bed cycling, immedi-
ate medical attention from ICU doctors will be 
sought for patient treatment.

Discontinuation of the Intervention: The inter-
vention will be halted in instances of severe 
adverse events.

Outcome measures

Baseline Information: Demographic data (in- 
cluding center location, name, age, gender, 
address, telephone number, and employment 
status) and medical data (including diagnosis, 
medication history, and APACHE II rating forms) 
were collected utilizing a standardized survey.

Primary Outcome Measures include: 1) the 
average changes in both the area and thick-
ness of the rectus femoris muscle evaluated 
using ultrasound examination; 2) serum IL-6, 
IL-10, and nitric oxide (NO) production function 
before and after the therapeutic intervention 
[21].

Secondary Outcome Measures were: modified 
Barthel index (MBI) [22] and Medical Research 
Council (MRC) [23] scores at 1, 2, and 4 weeks 
following the final treatment session, partici-
pants’ mechanical ventilation duration, rate of 
detachment in the second week, 28-day sur-
vival rate, and occurrence of adverse rea- 
ctions.

Sample size calculation

Sample size calculation was performed using 
SAS software (version 9.3, SAS Institute Inc., 
Cary, NC, USA). The mean change in the prima-
ry outcome before and after treatment will 
serve as the efficacy evaluation indicator in the 
sample size calculation. Prior study findings 
demonstrated a mean ultrasound-measured 
muscle thickness change of 0.45±0.1 [24] and 
an average ultrasonic intensity of muscle alter-

ation of 25±3 [25] after muscle mass and func-
tion loss. To detect a significant difference with 
80% power, a 0.05 alpha value, and an accept-
able delta value of 0.2, each group will neces-
sitate a sample size of at least 23 participants. 
Considering a potential 20% dropout, each 
group will require 28 participants.

Randomization and blinding

Participants will be randomly assigned (at a 1:1 
ratio) to either the treatment group or the con-
trol group using a blocked randomization table. 
This table will encompass all potential combi-
nations of a limited series of figures arranged in 
random order, ensuring equal probability for 
patients to be allocated to treatment or control 
groups. The sequence of interventions within 
each block will undergo randomization. This 
iterative process will continue across succes-
sive blocks until all participants have been ran-
domized. Furthermore, both outcome evalua-
tors and statistical analysts will remain blinded, 
devoid of involvement in any aspect of the tri-
al’s design or treatment procedures.

Statistical analysis

The statistical analysis will be performed using 
R Software (v4.2.0) and SPSS (23.0, IBM Corp., 
New York, USA). The primary analysis will be 
conducted based on the intention-to-treat set, 
which included all initially assigned partici-
pants. Normally distributed data will be ex- 
pressed as means ± standard deviations and 
non-normally distributed continuous data as 
medians with interquartile ranges. Categorical 
variables are presented as numbers and per-
centages. Differences between groups will be 
compared using a t-test, F-test, Kruskal-Wallis 
H-rank sum test, and χ2 test accordingly. 
Ultrasound data will undergo analysis via a 
mixed-effect model. Cox regression analysis 
will be conducted to identify outcome-related 
factors. Statistical significance will be set at P < 
0.05.

All data required for the primary statistical anal-
ysis will be collected by the fourth week of treat-
ment. In instances of missing data, an analysis 
of the assumed missing data mechanism will 
be performed, employing a multiple adjustment 
approach. Following the primary analysis, a 
sensitivity analysis will be executed on diverse 
datasets to evaluate the influence of missing 
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data on the outcomes. A comprehensive sta- 
tistical analysis plan will be independently 
developed.

Discussion

This protocol proposed a bed cycling plan  
for patients undergoing mechanical ventilation 
and invasive sedation in the ICU. The primary 
outcome measures include the area and thick-
ness of the rectus femoris muscle and serum 
IL-6, IL-10, and nitric oxide (NO) production 
function, while the secondary outcome mea-
sures include MBI and MRC scores and other 
clinical parameters.

Few studies have addressed the impact of bed 
cycling on long-term inflammation in critically ill 
patients. Kho enrolled 360 ICU patients un- 
dergoing invasive mechanical ventilation and 
found that adding early in-bed cycling did not 
improve physical function 3 days after dis-
charge from the ICU [26]. Existing research 
suggests that exercise induces anti-inflamma-
tory effects through IL-10 and IL-6 induction. 
Exercise has been explored as a potential regu-
lator of inflammation and muscle function. The 
collective evidence showing a significant de- 
crease in IL-6 concentration from baseline to 
the end of the intervention, coupled with the 
absence of notable changes after the rest peri-
od post-intervention, implies that passive exer-
cise not only lacks adverse effects on inflam-
mation but might also contribute to reducing 
IL-6 levels [27]. While passive exercise appears 
to reduce IL-6 levels, further investigation is 
warranted to comprehend the clinical signifi-
cance of such reductions. Cytokine values 
could serve as valuable indicators in elucidat-
ing the physiological basis behind the benefits 
of mobilization in critically ill adults.

In the initial stages of critical illness, many 
patients are deeply sedated during mechanical 
ventilation. Ultrasound, a cost-effective, repro-
ducible, and noninvasive imaging technique, 
can assess multiple muscle groups. Extensive 
research in the ICU setting has focused on 
ultrasound evaluation of peripheral skeletal 
muscles for ICU-acquired weakness (ICU-AW) 
[28]. This study protocol utilizes muscular ultra-
sound to evaluate muscle strength by observ-
ing the muscle’s cross-sectional area, layer 
thickness, and echo intensity based on gray-
scale and penetration angle. We contend that 

muscular ultrasound can accurately identify 
pathological changes associated with ICU-AW 
[29]. Our study aims to determine whether this 
treatment will affect the rectus femoris mus- 
cle area, thickness, and MBI and MRC total 
scores over the long term following the final 
treatment.

However, this study still possesses several limi-
tations. First, it is hard for clinicians to commu-
nicate with patients, and the experience and 
feelings during the examination are hard to 
evaluate directly; second, this study only includ-
ed participants undergoing mechanical ventila-
tion and invasive sedation, therefore the most 
suitable cycling parameters should be further 
screened.

For preventing ICU-AW, further research is 
imperative to establish the safety and efficacy 
of early bed cycling in ICU patients, the correla-
tion between muscle strength, cellular immu-
nity, and cycling treatment also requires further 
analysis.
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