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Abstract

Background

Intensive care unit (ICU)-acquired weakness (ICU-AW) is one of the most common compli-
cations of post-ICU syndrome. It is the leading cause of gait disturbance, decreased activi-
ties of daily living, and poor health-related quality of life. The early rehabilitation of critically ill
patients can reduce the ICU-AW. We designed a protocol to investigate the feasibility and
safety of conventional rehabilitation with additional in-bed cycling/stepping in critically il
patients.

Methods

The study is designed as a single-center, single-blind, pilot, randomized, parallel-group
study. After the screening, participants are randomly allocated to two groups, stratified by
mechanical ventilation status. The intervention group will be provided with exercises of in-
bed cycling/stepping according to the level of consciousness, motor power, and function in
addition to conventional rehabilitation. In contrast, the control group will be provided with
only conventional rehabilitation. The length of intervention is from ICU admission to dis-
charge, and interventions will be conducted for 20 minutes, a maximum of three sessions
per day.

Results

The outcomes are the number and percentage of completed in-bed cycling/stepping ses-
sions, the duration and percentage of in-bed cycling/stepping sessions, and the number of
cessations of in-bed cycling/stepping sessions, the interval from ICU admission to the first
session of in-bed cycling/stepping, the number and percentage of completed conventional
rehabilitation sessions, the duration and percentage of conventional rehabilitation sessions,
the number of cessations of conventional rehabilitation sessions, the number of adverse
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events, level of consciousness, functional mobility, muscle strength, activities of daily living,
and quality of life.

Discussion

This study is a pilot clinical trial to investigate the feasibility and safety of conventional reha-
bilitation with additional in-bed cycling/stepping in critically ill patients. If the expected results
are achieved in this study, the methods of ICU rehabilitation will be enriched.

Trial registration
clinicialtrials.gov, Clinical Trials Registration #NCT05868070.

Introduction

The prevention of post-intensive care syndrome has been gaining great interest with the
improvement in survival rates of critically ill patients [1]. Post-intensive care syndrome indi-
cates physical, cognitive, and mental complications, including critical illness neuropathy and
myopathy, disuse atrophy, memory, and executive dysfunction, depression, post-traumatic
stress disorder, and anxiety [2]. Intensive care unit (ICU)-acquired weakness (ICU-AW) is
one of the most common complications of post-ICU syndrome [3]. It is the main cause of gait
disturbance, decreased activities of daily living (ADL), and poor health-related quality of life,
which may occur and even persist after ICU discharge [4].

Early rehabilitation is crucial to mitigate ICU-AW [5]. The incidence and severity of
ICU-AW, along with the duration of mechanical ventilation, ICU length of stay, functional
independence, and mortality, can be improved as a result of early rehabilitation [6, 7]. How-
ever, effective rehabilitation is frequently hampered in the ICU setting due to disease status,
disorganized behavior, sedation, insertion of tubes and catheters in critically ill patients, and
insufficient rehabilitation resources [8]. Thus, developing rehabilitation protocols and settings
as a patient-tailored approach is necessary for early rehabilitation with proper dose and
intensity.

As an adjunctive method to accomplish effective ICU rehabilitation, the utilization of in-
bed exercise equipment has been attempted in critically ill patients. An in-bed cycle ergometer
is one of the options that can be applied in the ICU [9]. It has been generally recognized to pre-
vent contracture, increase blood circulation, improve cardiopulmonary function, and
strengthen the lower limb muscles with fewer safety issues [10, 11]. Additionally, it is likely
that stepping has additive effects on cycling [12], regarding the opportunity for gait imitation
to perform reciprocal limb movements and mechanical stress on bones and muscles to bear
body weight [13]. If both the cycle ergometer and stepper are applied together to critically ill
patients, their effect on functional mobility or strength would be more enhanced than if only
in-bed cycle ergometers were used.

Caution should be taken to provide early rehabilitation in the ICU setting because critically
ill patients can be vulnerable to hemodynamic and respiratory changes, and endotracheal or
nasogastric tubes and vascular or urinary catheters can be accidentally removed despite their
low incidence [14]. The establishment of safety criteria considering vital signs, level of con-
sciousness and cooperation, sedation state, administration of vasopressors, types of catheters
or tubes in situ, and wounds can be made mandatory to determine whether to delay or
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terminate rehabilitation sessions [15, 16]. The safety criteria for the application of the in-bed
cycle ergometer and stepper may need to be modified in consideration of the increased and
frequent range of motion at the lower extremities compared to early active mobilization during
exercises.

While previous clinical trials have incorporated in-bed cycling as ICU rehabilitation in crit-
ically ill patients [17, 18], few studies have been published that simultaneously employ both in-
bed cycling and stepping exercises. Therefore, we designed a pilot randomized controlled clini-
cal trial protocol to investigate the feasibility and safety of conventional rehabilitation with
additional in-bed cycling/stepping in critically ill patients.

Methods
Trial design and study setting

This is a prospective, single-blind, assessor-blinded, add-on, single-center, two-arm parallel,
pilot, randomized controlled trial. This protocol adhered to the Standard Protocol Items: Rec-
ommendations for Interventional Trials (SPIRIT) guidelines [19] (see S1 Table) and TIDier
checklist [20] (see S2 Table). Inclusion criteria are critically ill patients who are aged 45 years
or older, are admitted to ICU less than 72 hours before randomization, are deemed to need
ICU care for more than 48 hours, and have Functional Ambulation Category (FAC) 2 or
higher before admission to the ICU. Exclusion criteria are as follows: any neurological disor-
ders, including acute stroke, advanced dementia, hypoxic-ischemic encephalopathy, amyotro-
phic lateral sclerosis, myasthenia gravis, and/or acute inflammatory demyelinating
polyradiculoneuropathy; the presence of acute deep venous thrombosis and/or pulmonary
embolism; pneumothorax; an external fixator, superficial metallic implants, amputations, and/
or eschar in the lower extremities; expected ICU discharge within 3 days of admission; preg-
nancy; difficulty in obtaining informed consent; the life expectancy of less than six months.
The inclusion and exclusion criteria are presented in Table 1. A member of the study team will
obtain written consent during ICU admission for a baseline evaluation, and the research pro-
cess will not proceed until consent is obtained. Through screening, the members of the
research team will verify their eligibility.

Recruitment

Clinicians in the ICU at our hospital will collaborate to enroll patients for this clinical trial.
Additionally, posters about this study are planned to be affixed on the noticeboard in front of
the ICU, facilitating easy access to information regarding the clinical trial for representatives

Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria
o Age > 45 « Neurological disorders
+ Admission of ICU < 72 hours « Central nervous system: acute stroke, advanced dementia, hypoxic-ischemic
« Patient deemed to need > 48 encephalopathy
hours of ICU care « Peripheral nervous system: amyotrophic lateral sclerosis, myasthenia gravis,
o Premorbid Functional acute inflammatory demyelinating polyradiculoneuropathy
Ambulation Category > 2 « Acute deep venous thrombosis, pulmonary embolism

« Pneumothorax

« External fixator, superficial metallic implants, amputation, eschar, etc.

« Expected ICU discharge within 3 days of admission

« Pregnancy

« Difficulty in obtaining informed consent (rejection, no family, if the family
does not agree)

« If the life expectancy is less than 6 months

https://doi.org/10.1371/journal.pone.0301368.t001
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of patients. The principal investigator will provide a detailed explanation of the study to the
participants’ legal representatives since most admitted patients are critically or severely ill. The
study will not exclude patients who are likely to participate based on their socioeconomic sta-
tus. This study is a pilot clinical trial to investigate the feasibility and safety of in-bed cycling/
stepping exercise intervention and aims to recruit at least 24 participants. Assuming a 20% loss
for death and a 15% loss for follow-up, the required sample size was 12 per arm to be recruited
in this study.

Allocation

The computer-generated sequence will be generated on the website (https://mrcc.snuh.org) by
an independent institution in our hospital. A computer-generated sequence will randomly
allocate the two groups in this study. The stratified block randomization method will assign
the randomization table to the control or intervention group at a 1:1 ratio. The use of mechani-
cal ventilation will stratify the participants.

The group allocation will be performed by an independent researcher who is not involved
in evaluating outcomes and will be concealed to physiotherapists who are engaged in assessing
outcomes. The participants and in-bed cycling/stepping intervention provider will be
instructed not to disclose the allocation to the evaluator. After the end of the clinical trial,
blinding will be maintained until the input of evaluation data is completed. Any unblinding
prior to clinical trials due to accidental or serious adverse events should be documented. To
promote data quality for assessment and collection of outcomes, assessors will be well-trained.

Interventions

Conventional rehabilitation. Patients in the control group will only receive conventional
rehabilitation in the ICU. The protocol for conventional rehabilitation in the ICU is shown in
Fig 1. An standardized stepwise ICU rehabilitation program is provided for 20 min based on
the stage of the patient’s condition, which is evaluated prior to each treatment session and con-
siders consciousness, motor power, and functional mobility according to previous studies [10,
15]. The stage of the patient’s condition is graded as the 7-Likert scale from red (least able) to
violet (most able) [21, 22], which means that the patient’s state of consciousness, muscle
strength, and function improve sequentially. Generally, rehabilitation for critically ill patients
is performed depending on the condition of critically ill patients [23, 24]. The goal of the con-
ventional rehabilitation at each stage is lying without contractures, turning self, sitting balance,
sitting at the edge, standing and transferring from bed to chair, assisted gait, and gait endur-
ance. The conventional rehabilitation is provided by physiotherapists from ICU admission to
hospital discharge, and the routine frequency of conventional rehabilitation is one session per
day during weekdays.

In-bed cycling/stepping. Patients in the intervention group will receive conventional
rehabilitation plus exercise intervention with an in-bed cycle ergometer/stepper for additional
20 min in the ICU. The protocol, including exercise intervention, was developed by modifying
the rainbow mobilization scales and the existing intensive care rehabilitation protocol shown
in Fig 1. As the condition of the critically ill patient improves from yellow to violet, the inter-
vention gradually progresses to passive, active assistive, active, and resistive exercise. In-bed
cycling/stepping is provided by physiotherapists from ICU admission to discharge, and the
routine frequency of in-bed cycling/stepping is 1-3 sessions per day on the weekdays during
ICU hospitalization. The number of in-bed cycling/stepping interventions will gradually be
increased depending on the patient’s condition [23]. Cycling is performed if there is one ses-
sion per day; cycling-stepping if there are two sessions per day; and cycling-stepping-cycling if

PLOS ONE | https://doi.org/10.1371/journal.pone.0301368 May 10, 2024 4/12


https://mrcc.snuh.org/
https://doi.org/10.1371/journal.pone.0301368

PLOS ONE Feasibility and safety of in-bed cycling/stepping in critically ill patients

Modified ICU Rainbow Mobilization Scales

Mental Status Unconscious Conscious
Rainbow mobilization Scale g Blue
RASS +2 > 122> +2°2
Motor power Grossly 1 Grossly 2 UE<3,LE<3 LE<3 lE23
Check list Safety Criteria: Vital sign, airway, bleeding, pain, lines
Conventional Rehabilitation
No activity 0
Passive exercise [0) 0] 0 0 0 0
ROM Active assistive exercise (6] (0] (0}
Active exercise 0] 0 0 0
Leaning or Tilting (in bed) o] o]
— Supported sitting 6] 6]
Sirting Long sitting/tailor sitting o) o
Sitting on the edge of bed 0 0 6]
, Sit to stand/Standin, 0 o)
Standing Marching on the spégt 0 (6]
Ambulation | Assisted gait & endurance training (6]
Lying . . Siting at Stand|ng & X . .
Goal . Turning self | Sittng balance Transfering | Assisted Gait [ Gait endurance
without contractures the edge .
(bed-chair)
Cycling/Stepping
Passive exercise 0]
< Active assistive exercise (6] (6] (0}
Cycling Active exercise 0] 0 0 0
Resistive exercise 0 0
Passive exercise [0)
. Active assistive exercise 0 0] 0
Stepping Active exercise 0 0 6] 0
Resistive exercise (0] (0]

Fig 1. ICU rehabilitation protocol with exercise intervention using in-bed cycle ergometer/stepper. Critically ill patients will be classified from red to violet according
to Richmond agitation-sedation scale (RASS), motor power, and level of consciousness. The patients in the control group will receive conventional rehabilitation
according to the ICU rainbow mobilization scale program including range of motion (ROM), sitting, standing, and ambulation. Critically ill patients in the intervention
group will receive in-bed cycling/stepping intervention starting from Yellow to Violet in addition to the conventional rehabilitation. As the condition of the critically ill
patient improves from Yellow to Violet, the exercise intervention gradually progresses to passive, active assistive, active, and resistive exercise modes. In-bed cycling/
stepping is provided by physiotherapists from ICU admission to discharge, and the routine frequency of in-bed cycling/stepping is 1-3 sessions per day on the weekdays
during ICU hospitalization. The number of in-bed cycling/stepping will be increased gradually. Cycling is performed if there is one session per day; cycling-stepping is
performed if there are two sessions per day; and cycling-stepping-cycling is performed if there are three sessions per day. ROM: range of motion; UE: upper extremity; LE:
lower extremity.

https://doi.org/10.1371/journal.pone.0301368.9001

there are three sessions per day. During the intervention, the target rating of perceived exer-
tion ranges from moderate to hard, and the exercise intensity is adjusted in this range [25, 26].

Risk criteria for delaying or terminating ICU rehabilitation will be assessed to determine
patients’ suitability to participate in rehabilitation before and during rehabilitation sessions
(Table 2) [15, 16]. ICU rehabilitation should be delayed or ceased if there is no recovery within
two minutes under any of the conditions. Adverse events will be recorded after rehabilitation
sessions. To improve intervention adherence, the participants are provided with an exercise
log. Usual care, such as pulmonary rehabilitation and occupational therapy, will be maintained
for all patients during the trial. Additionally, usual care will be maintained for all patients fol-
lowing trial completion.

Outcome measures

Baseline data will be measured prior to randomization, and follow-up data will be collected at
ICU discharge, hospital discharge, and 1 and 3 months after hospital discharge. The following
baseline clinical characteristics will be collected, shown in Table 3 [7, 23]: age, sex, weight,
height, premorbid modified Barthel index, premorbid FAC, Acute Physiology and Chronic
Health Evaluation (APACHE II) score [27], whether cardiopulmonary resuscitation (CPR)
was performed within 24 hours before admission to the ICU, primary diagnostic category of
ICU admission, and comorbidity, rehabilitation services after hospital discharge.
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Table 2. Criteria for delaying or terminating ICU rehabilitation and exercise intervention.

Respiratory conditions

« Percutaneous oxygen saturation (SpO,) < 88%
« Respiratory rate (RR) > 40bpm
« Unsecure airway

Cardiovascular conditions

« Mean arterial pressure (MAP) < 60mmHg or > 120mmHg
« Systolic blood pressure (SBP) < 90mmHg or > 200mmHg
« Heart rate (HR) < 50bpm or > 140bpm

o Arrhythmias causing hemodynamic instability

« Concerns about new myocardial ischemia

Neurologic conditions

« Richmond agitation-sedation scale (RASS) scale > 3
« Uncontrolled epilepsy

Others

« Active bleeding, such as Gastrointestinal bleeding or Overt bleeding
« Body temperature such as > 39°

 Neuromuscular blockage within 4 hours

« Pain, severe nausea and vomiting

« Ventilator asynchrony or risk of extubation or weaning of ventilator
« Open wounds on the lower extremities

« Fall

» Request to stop exercising

Catheter placement in the femoral artery or vein (for only exercise intervention)

o Extracorporeal membrane oxygenation of the femoral artery or the presence of an intra-aortic balloon pump
« Perm catheter inserted into the femoral vein

https://doi.org/10.1371/journal.pone.0301368.t002

Table 3. Clinical examination items.

Baseline clinical characteristics

« Basic information: age, sex, weight, heighte Premorbid modified Barthel index (MBI)e Premorbid functional
ambulation category (FAC)s The Acute Physiology and Chronic Health Evaluation (APACHE II) scoree Cardio-
pulmonary resuscitation (CPR) within 24 hours prior to admission to the ICU

«Primary diagnostic category of ICU Admission

«Comorbidity

«Geriatric disease

Outcomes

« The number and percentage of completed in-bed cycling/stepping sessions
« The duration and percentage of in-bed cycling/stepping sessions
« The number of cessations of in-bed cycling/stepping sessions

« The interval from ICU admission to the first session of in-bed cycling/stepping

« The number and percentage of completed conventional rehabilitation sessions

« The duration and percentage of conventional rehabilitation sessions

o The number of cessations of conventional rehabilitation sessions

« The number of adverse events

o Level of consciousness: Richmond agitation-sedation scale (RASS), confusion assessment method for the ICU
(CAM-ICU)

« Mobility: functional ambulatory category (FAC), functional status score (FSS-ICU), short physical performance
battery score (SPPB), de Morton Mobility Index (DEMMI), falls efficacy scale (FES), activities-specific balance
confidence scale (ABC)

» Motor power: sum of Medical Research Council (MRC) score, hand grip strength (HGS)

« Activities of daily living (ADL): modified Barthel index (MBI)

« Quality of life (QOL): 36-item short form survey (SF-36) version 2.0

« Others: Pittsburgh rehabilitation participation scale (PRPS), days to initiate ambulation (FAC >2), mortality-28
days, duration of mechanical ventilation, length of stay in the ICU, length of stay in the hospital, concomitant
occupational therapy and its application dose, concomitant pulmonary rehabilitation and its application dose

https://doi.org/10.1371/journal.pone.0301368.t003
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The outcomes listed in Table 3 are the number and percentage of completed in-bed
cycling/stepping sessions, the duration and percentage of in-bed cycling/stepping sessions,
and the number of cessations of in-bed cycling/stepping sessions, the interval from ICU
admission to the first session of in-bed cycling/stepping, the number and percentage of com-
pleted conventional rehabilitation sessions, the duration and percentage of conventional reha-
bilitation sessions, the number of cessations of conventional rehabilitation sessions, the
number of adverse events, the confusion assessment method for the ICU (CAM-ICU), Rich-
mond agitation-sedation scale (RASS), de Morton mobility index (DEMMI), FAC, functional
status score for the ICU (FSS-ICU), short physical performance battery score (SPPB), falls effi-
cacy scale (FES), activities-specific balance confidence scale (ABC), sum of Medical Research
Council (MRC) score, handgrip strength, modified Barthel index, 36-item short-form survey
(SF-36) version 2.0, days to initiate ambulation (FAC >2), mortality-28 days, duration of
mechanical ventilation, length of stay in the ICU, length of stay in the hospital, Pittsburgh
rehabilitation participation scale (PRPS), concomitant occupational therapy and its application
dose, concomitant pulmonary rehabilitation and its application dose.

The schedule of enrollment and assessment of the participants are shown in Fig 2. After
ICU admission, patients are screened according to the inclusion criteria. After the screening,
the guardians of patients who meet the inclusion criteria will be given an information sheet
and asked to provide written consent to participate in the trial. Patients will be enrolled in the
trial, given a trial-specific identification number, and randomly allocated to a group using a
computer-generated random sequence that is listed prior to the start of the trial. After baseline
evaluation, patients will be assessed at ICU discharge, hospital discharge, 1 month after hospi-
tal discharge, and 3 months after hospital discharge. Measurements 1 month after hospital dis-
charge will be conducted by a visit and measurements 3 months after hospital discharge will be
performed over the phone.

Data are collected and recorded on a standard report form and all the recorded data will be
entered into the web-based data system by the double-entry method. All errors will need to be
corrected by crossing out, with the researcher’s signature and date.

Adverse events

In this clinical trial, adverse events are all undesirable medical events that cause symptoms that
were not observed before the start of the clinical trial, listed in Table 4. Predicted adverse
events include falls, fractures, severe pain, endotracheal tube removal, arterial line removal,
central line removal, arrhythmia, bradycardia, systolic blood pressure > 200 mmHg, systolic
blood pressure < 90 mmHg due to hemodynamic instability during exercise,

desaturation < 88% due to respiratory instability during exercise and other minor adverse
reactions, such as dyspnea, dizziness, tachypnea, and sinus tachycardia [7, 28, 29]. Predicted
side effects are also classified as adverse events, and the severity of adverse reactions is classi-
fied into mild, moderate, and severe. The frequency of adverse events that are both relevant
and irrelevant to the investigational device will be recorded. In the case of unexpected serious
adverse events or other unintended trial interventions over the course of the study, we will
report to the institutional review board. Data and safety monitoring will be conducted for
every five-participant registration.

Ethics approval and consent to participate

This study will be approved by the Ethics and Research Committee of the responsible institu-
tion (IRB number 2303-176-1419). The consent form for informed consent will be approved
by the responsible ethics committee.

PLOS ONE | https://doi.org/10.1371/journal.pone.0301368 May 10, 2024 7/12


https://doi.org/10.1371/journal.pone.0301368

PLOS ONE Feasibility and safety of in-bed cycling/stepping in critically ill patients

STUDY PERIOD

Close-
out

ts

Enrollment | Allocation Post-allocation

ta
1 month

ts
*x -t Icu t2 o 3 months
TIMEPOINT™ |\ acmission 0 admission | 10U D/C | Hoseitel i‘éz;)f:: after the

baseline D/IC hospital D/C

t

ENROLMENT:

Eligibility screen X

Informed consent X

Allocation X

INTERVENTIONS:

Intervention A :
Conventional

Intervention B : In-
bed cycling/stepping

ASSESSMENTS:

[The number
and
percentage of
completed in- et ——t

bed
cycling/steppi
ng sessions]
[the duration
and
percentage of
in-bed
cycling/steppi
ng sessions]
[the number of
cessations of
in-bed ——
cycling/steppi
ng sessions]
[the interval
from ICU
admission to
the first S —
session of in-

bed
cycling/steppi

ng]
[the number
and
percentage of
completed
conventional
rehabilitation

[the duration
and

percentage of
conventional
rehabilitation

[the number of
cessations of
conventional
rehabilitation

[the number of
adverse
events]

[FAC]
[RASS, CAM-ICU, X X
Fss-IcU]
[Sum of MRC,
Hand grip
strength, X X X X
DEMMI]

[SPPB, MBI]
[SF-36, FES,
e X X X

[Days to
FAC22]
[Duration of
mechanical
ventilation, ————
Length of stay
in Icu]
[PRPS,
Mortality-28
days, Length
of hospital
stay,
Occupational
therapy and its
dose,
Pulmonary
rehabilitation
and its dose]

Fig 2. SPIRIT schedule of enrolment, interventions, and assessments of the study. The outcomes are the number
and percentage of completed in-bed cycling/stepping sessions, the duration and percentage of in-bed cycling/stepping
sessions, and the number of cessations of in-bed cycling/stepping sessions, the interval from ICU admission to the first
session of in-bed cycling/stepping, the number and percentage of completed conventional rehabilitation sessions, the
duration and percentage of conventional rehabilitation sessions, the number of cessations of conventional
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rehabilitation sessions, the number of adverse events, CAM-ICU, RASS, FAC, FSS-ICU, DEMM], FES, ABC, Sum of
MRC, MBI, SF-36 version 2.0, PRPS, days to initiate ambulation (FAC>2) and others. ICU: intensive care unit; D/C:
discharge; FAC: functional ambulation category; RASS: Richmond agitation-sedation scale; CAM-ICU: confusion
assessment method for the ICU; MRC: Medical Research Council; DEMMI: de Morton mobility index; FSS-ICU:
functnal status score for the ICU; SPPB: short physical performance battery score; MBI: modified Barthel index; SF-36:
36-item short form survey; FES: falls efficacy scale; ABC: activities-specific balance confidence scale; PRPS: Pittsburgh
rehabilitation participation scale.

https://doi.org/10.1371/journal.pone.0301368.9002

Table 4. Lists of predicted adverse events.

Adverse events

Fall

«Fracture

«Severe pain

«Endotracheal tube removal

«Arterial line removal

«Central line removal

«Arrhythmia

Bradycardia

«Systolic blood pressure > 200 mmHg or < 90 mmHg due to hemodynamic instability during exercise
«Desaturation < 88% due to respiratory instability during exercise

+Other minor adverse reactions such as dyspnea, dizziness, tachypnea, and sinus tachycardia

https://doi.org/10.1371/journal.pone.0301368.t1004

Statistical methods

Statistical analysis in this study will be conducted using SPSS (version 25.0; IBM, Armonk,
NY, USA). All statistical analyses will be performed for an intention to treat and a per protocol
population. The outcomes of the continuous variables will be analyzed using Mann-Whitney
U test, whereas the discontinuous variables will be analyzed using the chi-square test or Fish-
er’s exact test for variables between the two groups at the same time. Additionally, subgroup
analysis will be conducted between the stratified groups Multiple imputation by chained equa-
tions algorithm will be used to handle missing data. The datasets analyzed and codes used for
these analyses will be available from the corresponding author upon reasonable request.

Discussion

This is the study protocol to investigate the feasibility and safety of conventional rehabilitation
with additional in-bed cycling/stepping in critically ill patients. Due to the dynamic nature of
critical illness, the initiation and dosage of early rehabilitation may vary. To examine the feasi-
bility and safety of the intervention, the outcomes of this study were as follows: the number
and percentage of completed in-bed cycling/stepping sessions, the duration and percentage of
in-bed cycling/stepping sessions, and the number of cessations of in-bed cycling/stepping ses-
sions. Several previous clinical studies have reported that in-bed cycling is feasible in critical
illness patients [9, 17, 30-32]. Patients received in-bed cycling with approximately 5-6 ses-
sions, completing 79-90% of planned sessions on average in the ICU [17, 31, 33]. Additionally,
in-bed cycling is safe and has a low rate of ceased sessions and adverse events in critically ill
patients [9, 23, 31, 33, 34]. Detailed safety criteria and guidelines for delay or cease of the inter-
vention may contribute to the safe implementation of the in-bed cycling/stepping intervention
in the protocol of this study (S1 File).

Previously, most clinical trials using in-bed equipment for rehabilitation in critically ill
patients utilized the in-bed cycle ergometer; however, these studies did not reveal a significant
difference in functional mobility or muscle strength between the intervention and control
groups [23, 35]. One of the reasons why previous studies did not show clinically significant
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changes is that a single mode of physical activity in terms of in-bed cycling may not be suffi-
cient to improve functional mobility or muscle strength in critically ill patients. Current exer-
cise guidelines for healthy individuals recommend various elements of physical activity to
enhance overall physical fitness and adherence and reduce tissue injury [36]. However, the
application of various exercise programs based on multiple modes of physical activity can be
highly limited in bedridden patients in ICU settings, even though early rehabilitation can be
performed with the assistance of physical therapists [37]. In-bed cycling/stepping along with
early rehabilitation can be a good option to enable critically ill patients to perform multiple
modes of exercise. Cycling can be helpful in preventing contractures, increasing blood circula-
tion, improving cardiorespiratory function, and strengthening lower extremity muscles, while
stepping can provide reciprocal movements of the lower extremities and mechanical stress to
bones and muscles by increasing body weight. Additive or synergistic effects can be expected
by applying in-bed cycling/stepping together in ICU settings [38]. Further study is required to
investigate the effectiveness of in-bed cycling/stepping interventions in critically ill patients
and to determine the optimal dosage of passive, active, and resistive exercises tailored to the
condition of the patients.
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