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IMPORTANCE Early in-bed cycling and electrical muscle stimulation may improve the benefits
of rehabilitation in patients in the intensive care unit (ICU).

OBJECTIVE To investigate whether early in-bed leg cycling plus electrical stimulation of the
quadriceps muscles added to standardized early rehabilitation would result in greater muscle
strength at discharge from the ICU.

DESIGN, SETTING, AND PARTICIPANTS Single-center, randomized clinical trial enrolling critically
ill adult patients at 1 ICU within an 1100-bed hospital in France. Enrollment lasted from July
2014 to June 2016 and there was a 6-month follow-up, which ended on November 24, 2016.

INTERVENTIONS Patients were randomized to early in-bed leg cycling plus electrical
stimulation of the quadriceps muscles added to standardized early rehabilitation (n = 159)
or standardized early rehabilitation alone (usual care) (n = 155).

MAIN OUTCOMES AND MEASURES The primary outcome was muscle strength at discharge
from the ICU assessed by physiotherapists blinded to treatment group using the Medical
Research Council grading system (score range, 0-60 points; a higher score reflects better
muscle strength; minimal clinically important difference of 4 points). Secondary outcomes at
ICU discharge included the number of ventilator-free days and ICU Mobility Scale score
(range, 0-10; a higher score reflects better walking capability). Functional autonomy and
health-related quality of life were assessed at 6 months.

RESULTS Among 314 randomized patients, 312 (mean age, 66 years; women, 36%; receiving
mechanical ventilation at study inclusion, 78%) completed the study and were included
in the analysis. The median global Medical Research Council score at ICU discharge was 48
(interquartile range [IQR], 29 to 58) in the intervention group and 51 (IQR, 37 to 58) in the
usual care group (median difference, −3.0 [95% CI, −7.0 to 2.8]; P = .28). The ICU Mobility
Scale score at ICU discharge was 6 (IQR, 3 to 9) in both groups (median difference, 0 [95% CI,
−1 to 2]; P = .52). The median number of ventilator-free days at day 28 was 21 (IQR, 6 to 25)
in the intervention group and 22 (IQR, 10 to 25) in the usual care group (median difference,
1 [95% CI, −2 to 3]; P = .24). Clinically significant events occurred during mobilization sessions
in 7 patients (4.4%) in the intervention group and in 9 patients (5.8%) in the usual care group.
There were no significant between-group differences in the outcomes assessed at 6 months.

CONCLUSIONS AND RELEVANCE In this single-center randomized clinical trial involving
patients admitted to the ICU, adding early in-bed leg cycling exercises and electrical
stimulation of the quadriceps muscles to a standardized early rehabilitation program did not
improve global muscle strength at discharge from the ICU.
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A pproximately 50% of patients who receive care in the
intensive care unit (ICU) may experience debilitating
muscle wasting and its consequence, ICU-acquired

weakness, which may prolong duration of mechanical
ventilation1 and may persist for up to 5 years after hospital
discharge.2 The main factors contributing to ICU-acquired
weakness are inflammation, metabolic disorders, and forced
muscular rest in bedridden or sedated patients, particularly
those with sepsis, multiple organ failure, or receiving pro-
longed mechanical ventilation.1,3

Mobilization of the musculoskeletal system has been shown
to be safe when applied early in unstable ICU patients1 and has
been shown to prevent ICU-acquired weakness, shorten ICU and
hospital stays, decrease the incidence of delirium, and reduce
the time until return of functional autonomy.4,5

Exercises using a cycle ergometer may improve the strength
of the quadriceps muscles and perceived quality of life at hos-
pital discharge.6 Electrical muscle stimulation may reduce
muscle atrophy in ICU patients.7 Although both cycling exer-
cises and electrical muscle stimulation have no clinically sig-
nificant adverse effects, these interventions have not been suf-
ficiently studied in ICU patients to know whether they should
be incorporated in standardized rehabilitation programs.

The objective of this study was to assess whether the com-
bination of early electrical stimulation of the quadriceps
muscles and early in-bed leg cycling on a cycle ergometer added
to a standardized early rehabilitation program may improve
the effects of early mobilization in ICU patients in terms of
global muscle strength assessed at ICU discharge.

Methods
Study Oversight
The regional ethics committee approved the trial protocol
(appears in Supplement 1) and waived the need for written
consent. Patients when capable or legal representatives or
next of kin when present or reachable by telephone were
orally (and in writing as soon as possible) informed of the
study and provided oral consent for participation.

In every case, patients were informed about their partici-
pation in the study as soon as they regained their mental ca-
pacities and the right to refuse participation was emphasized.
Data from patients who secondarily refused consent were
excluded from the analysis in compliance with French law.
Compliance with regulatory requirements, accuracy, and com-
pleteness of the study data along with proper application of the
assigned interventions was monitored by clinical research as-
sistants and study nurses as mandated by the study sponsor
(Centre Hospitalier Régional d’Orléans, Orléans, France).

Study Design, Setting, and Population
The study was conducted in a 20-bed medical-surgical ICU in
a regional and 1100-bed teaching hospital in Orléans, France.
This single-center, 2-parallel group randomized clinical trial
had a 1:1 intervention allocation ratio and assessment of the
primary outcome measure by an assessor blinded to the study
intervention (Figure 1). The period of enrollment was from July

2014 through June 2016 and there was a 6-month follow-up
period, which ended on November 24, 2016.

Patients were eligible if they (1) were aged 18 years or older,
(2) were admitted to the ICU less than 72 hours before ran-
domization, (3) were deemed to need more than 48 hours of
care in the ICU, and (4) had an independent walking ability and
a Barthel Index8 greater than 55 within 15 days before ICU ad-
mission as assessed by interview of the patient, his or her fam-
ily, or caregivers.

Patients were excluded if (1) pregnant, (2) cardiac arrest
was the cause of ICU admission or had cardiac arrest before
screening, (3) had a pacemaker or implantable cardioverter-
defibrillator, (4) had acute cerebral disease requiring deep
sedation for at least 72 hours (due to severe traumatic brain
injury, status epilepticus, stroke, or other causes of intracra-
nial hypertension), (5) had acute polyradiculoneuropathy
(Guillain-Barré syndrome), (6) had myasthenia, (7) had
advanced dementia, (8) had deep venous thrombosis or pul-
monary embolism treated for less than 48 hours, (9) had a
contraindication to electrical muscle stimulation or leg
cycling for musculoskeletal, dermatological, or surgical rea-
sons, (10) had a contraindication to standing or transfer to a
chair, (11) had a lower limb that was amputated, or (12) were
previously included in the present study.

Randomization and Allocation Concealment
Randomization was stratified by sex (a potential risk factor
for ICU-acquired weakness9), the respiratory status of
patients on the day of enrollment (eg, receiving invasive
mechanical ventilation or not), and day of ICU admission
(Thursday or Friday vs other days). It was not possible, simi-
lar to other studies,6,10 to apply the different interventions on
Saturday and Sunday due to an understaffed physiotherapy
team, which is a common in other French ICUs and in other
countries. Therefore, for patients enrolled on a Thursday or
Friday (expected to represent about 29% of the study popula-
tion), the difficulty or impossibility to apply early (ie, at least
2 days within the 3 calendar days following ICU admission)
mobilization exercises was foreseen.

Computer-generated randomization lists were prepared by
a clinical research assistant in block sizes of 4 or 6 patients, the

Key Points
Question Can the combination of early in-bed leg cycling and
electrical stimulation of the quadriceps muscles added to
standardized early rehabilitation result in better muscle function in
critically ill adult patients at discharge from the intensive care unit?

Findings In this randomized clinical trial that included 314 patients,
the addition of in-bed cycling and electrical stimulation of the
quadriceps muscles to early rehabilitation compared with early
rehabilitation alone did not result in a significant improvement in
global muscle strength at discharge from the intensive care unit (48
vs 51 points, respectively, on the 60-point Medical Research Council
grading system in which higher values represent better strength).

Meaning Early in-bed cycling and electrical muscle stimulation
as used in this study did not improve muscle strength
in critically ill patients.
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size of which was not known by the investigators. A clinical
research assistant prepared 8 sets of sealed, opaque, and num-
bered envelopes. When each patient was enrolled in the study,
the investigator opened the envelope containing the smallest
item number in the appropriate group of stratification.

Interventions
In the usual care group, standardized early rehabilitation was
applied each weekday from randomization to ICU discharge.
This was a progressive multistep program adapted from the
program described and used by Schweickert et al,4 beginning
with 10 passive range of motion exercises with each limb joint
applied once every weekday by physiotherapists to comatose

or sedated patients, followed by passive or active exercises and
then fully active muscle exercises, transfer to the edge of the
bed or to a chair, standing, and walking.

In the intervention group, in addition to standardized early
rehabilitation as described above, each weekday, the patients
underwent a 15-minute session of leg cycling exercise (even in
bed) on a cycle ergometer (MOTOmed letto2, RECK-Technik)
and, at a different time of the day, a 50-minute electrical
stimulation session of the quadriceps muscles delivered by
a 4-channel electrical stimulator (Rehab 400, CefarCompex).
The cycling exercise intervention was adapted from the study
by Burtin et al,6 in which one 20-minute daily session applied
each weekday to ICU patients was shown to improve muscle

Figure 1. Flow of Patients Through the Study

184 Not enrolled due to logistical issues or
were overlooked by research team

982 Excluded
360 Needed <48 h in the ICU at screening
167 Had cardiac arresta

151 Had acute cerebral disease and needed
deep sedation for 72 hb

99 Too sick to survive 48 h
65 Had insufficient physical autonomy
43 Had a pacemaker or an implantable

cardioverter-defibrillator
27 Transferred from another ICU or

already spent >72 h in ICU during
current hospitalization

18 Had temporary contraindication to
electrical muscle stimulation of the
lower limbs or to leg cycling

11 Aged <18 y
11 Enrolled during previous admission
6 Did not speak French
5 Had lower limb amputated
5 Refused to participate
4 Unstable pelvic or lower limb fracture
4 Neuromuscular disease
3 Pregnant
3 Prior severe cognitive impairment

314 Randomized

1480 Patients admitted to the hospital
and assessed for eligibility

498 Eligible to participate

120 Included in the primary outcome analysis
5 Excluded from analysis (logistical issues)c

159 Randomized to receive standardized early
rehabilitation program plus daily electrical
 muscle stimulation and leg cycling exercises
158 Received intervention as randomized

1 Did not receive intervention as randomized
(died before receiving intervention) 

155 Randomized to receive standardized early
rehabilitation program
154 Received intervention as randomized

1 Did not receive intervention as randomized
(died before receiving intervention) 

33 Died in the ICU
1 Withdrew consent

24 Died in the ICU
1 Withdrew consent

125 Included in the primary outcome analysis
5 Excluded from analysis (logistical issues)d

90 Assessed for functional status at 6 mo
18 Died before 6-mo follow-up
17 Lost to follow-up

106 Assessed for functional status at 6 mo
19 Died before 6-mo follow-up
5 Lost to follow-up

ICU indicates intensive care unit.
a There were 49 patients who had a

cardiac arrest during the screening
period and it was the reason for
hospital admission in 118 patients.

b There were 31 patients with severe
traumatic brain injury, 51 with status
epilepticus, 21 with ischemic stroke,
27 with hemorrhagic stroke, and 21
with other causes.

c There were 4 patients who were
transferred to another hospital for
emergency cardiac surgery. One
patient was overlooked by study
investigators.

d Two patients were transferred
to another hospital (one for
emergency cardiac surgery and
the other for emergency liver
transplantation). One patient died
within 24 hours after discharge
from the ICU before an assessment
could be performed. Two patients
were overlooked by study
investigators.
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strength and self-perceived functional status at hospital dis-
charge. Use of the electrical muscle stimulation intervention was
based on the report by Routsi et al,11 which suggested that such
an intervention is safe and may prevent muscle weakness and
shorten the duration of mechanical ventilation.

The interventions were delivered by 2 licensed physio-
therapists (G.F. and F.B.), who were not blinded to the ran-
domization group, and who each cared for the patients in
either group or in both groups with regard to the application
of basic mobilization (range of motion, transfer to a chair, stand-
ing, or walking). In both groups, the passive aspects, active as-
pects, or both the passive and active aspects of the interven-
tions and the intensity of the applied interventions were
adapted to the patient’s cardiorespiratory status, level of wake-
fulness, cooperation, global muscle strength (assessed each
weekday by physiotherapists), and tolerance according to pre-
defined criteria (details appear in Supplement 2).

Primary Outcome
The primary outcome measure was the patient’s global muscle
strength assessed using the Medical Research Council (MRC)
grading system12 to determine the strength of 6 muscle groups
on both sides of the body (overall score range, 0-60; minimal
clinically important difference of 4 points13) measured on the
day of ICU discharge (or on the following day) by a physio-
therapist blinded to the randomization group.

Secondary Outcomes
There were several secondary outcome measures. Func-
tional autonomy at ICU discharge (or on the following day) was
assessed by a physiotherapist blinded to the randomization
group using the ICU Mobility Scale,14 which grades the pa-
tient’s self-mobilization capabilities from 0 (no active move-
ments) to 10 (walking without any aid). The proportion of pa-
tients who developed delirium in the ICU was defined using
the Confusion Assessment Method for the ICU.15

The functional independence of patients (measured
using the Katz Index of Independence in Activities of Daily
Living16; range, 0-6 with a score of 6 indicating total indepen-
dence in bathing, getting dressed, using the toilet, transfer-
ring to a chair, continence, and eating) from the period before
ICU admission was compared with the level of functioning
at ICU discharge and at 6 months (measured using the
Barthel Index8; range, 0-100 with a higher score indicating
greater independence; minimal clinically important differ-
ence of 2 points).17

The duration of invasive mechanical ventilation and the
number of ventilator-free days were measured from study in-
clusion through day 28. Among patients who received me-
chanical ventilation, the proportion of patients who needed
intubation for a second time during the ICU stay was as-
sessed. The mortality rates were measured during the ICU stay,
during the hospital stay, at day 28, and at 6 months.

Functional status and perceived quality of life were as-
sessed using the French version of the 36-Item Short Form
Health Survey questionnaire18 (composed of physical and men-
tal component scores, each ranging from 0-100 with higher
scores indicating better quality of life; minimal clinically im-

portant difference of 5 points19), which was sent via regular mail
or administered by telephone interview with the patient, fam-
ily, caregiver, or treating physician at 6 months after ICU dis-
charge. The telephone interviews were conducted by clinical
research assistants blinded to the randomization group.

Safety was evaluated as the proportion of patients who
experienced at least 1 clinically significant adverse event
(defined as an event that required a therapeutic interven-
tion beyond simple session interruption) during the mobili-
zation sessions.

The final secondary outcome was the change in thick-
ness of the rectus femoris muscle for each thigh, which was
measured using ultrasonography (mean measurements for
the left and right sides of the body), between study inclu-
sion and ICU discharge. Investigators, who were not blinded
to randomization group, were trained to obtain the ultra-
sound measurements of the thigh muscles using previously
described anatomical landmarks20 and an L12-3 MHz linear
array transducer (Philips).

Sample Size
Sample size calculation was based on published data show-
ing a nonsignificant 4-point difference in the median4 for the
MRC score when comparing the rehabilitation intervention
with usual care. To show that a difference of 4 points was clini-
cally important13 and statistically significant, it was esti-
mated that at least 150 patients per group were needed with
type I error set at 5% and a power level greater than 90%.21 This
calculation took into account the possibility of a marginally
lower risk of death in the intervention group.22

Statistical Analysis
Data were analyzed according to randomization group. Pa-
tients who died in the ICU were assigned 0 points for the MRC
score, the ICU Mobility Scale score, and the Katz Index, and
were assigned the worst value observed in the study cohort
for the ultrasound measurement of change in the thickness of
the rectus femoris muscle.

Missing values for the outcomes at ICU discharge were
replaced using multivariable imputation by chained equa-
tions (MICE package; R Foundation for Statistical Comput-
ing). One hundred imputed data sets were generated and
analyzed. The primary outcome measure and all other semi-
continuous or nonnormally distributed continuous variables
were compared between groups using the Mann-Whitney
test, which was adjusted for stratification23 (Sanon package,
R Foundation for Statistical Computing).

The median differences and 95% CIs were obtained using
bootstrapping (2000 bootstrapped samples). For the vari-
ables that needed multiple imputation because of missing
values, the median differences, 95% CIs, and P values were
pooled. The estimates were calculated for each of the 100
imputed data sets and the median of the 100 median differ-
ences is reported. The lower and upper bounds of the 95% CI
are reported as the 2.5% and 97.5%, respectively, of the lower
and upper bounds of 95% CIs calculated on each of the 100
imputed data sets. The P values reflect the 2.5 percentile of
the 100 pooled P values.
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Table 1. Baseline Characteristics

Intervention Group (n = 158) Usual Care Group (n = 154)

Age, mean (SD), y 65 (13) 66 (15)

Male patients, No. (%) 103 (65) 98 (64)

Simplified Acute Physiology Score II,
mean (SD)25,a

47 (19) 46 (17)

Sequential Organ Failure Assessment score,
median (IQR)26,b

9 (6-12) 8.5 (6-12)

Barthel Index, median (IQR)c 100 (95-100) 100 (95-100)

Weight, median (IQR), kg 74 (62-87) 76 (67-91)

Height, median (IQR), cm 170 (163-175) 169 (162-173)

Body mass index, median (IQR)d 26.1 (21.9-30.1) 27.1 (24.0-31.5)

Type of Comorbidity, No. (%)e

Chronic arterial hypertension 71 (45) 64 (42)

Type 2 diabetes 41 (26) 43 (28)

Alcoholism 42 (27) 40 (26)

Chronic respiratory failure 39 (25) 33 (21)

Chronic obstructive pulmonary disease 37 (23) 32 (21)

Type of immunocompromising conditionf 31 (20) 28 (18)

Solid organ with active cancer 12 (8) 9 (6)

Malignant hemopathy 10 (6) 6 (4)

Chemotherapy or radiotherapy within 6 mo 13 (8) 10 (6)

Neutropenia 6 (4) 2 (1)

Transplant recipient 3 (2) 0

Treatment with corticosteroids 9 (6) 12 (8)

Other cause of immunosuppression 6 (4) 7 (4)

Chronic congestive heart failure 20 (13) 25 (16)

History of atrial fibrillation or flutter 17 (11) 25 (16)

History of myocardial infarction 18 (11) 21 (14)

Home oxygen therapy 17 (11) 11 (7)

Home noninvasive mechanical ventilation 16 (10) 12 (8)

Cirrhosis 11 (7) 14 (9)

Dialysis 4 (3) 3 (2)

Admission Diagnosis, No. (%)

Acute respiratory failure 89 (56) 92 (60)

Exacerbation of chronic respiratory failure 33 (21) 29 (19)

Acute respiratory distress syndrome 27 (17) 22 (14)

Type of infection

Pulmonary pleura 71 (45) 69 (45)

Abdomen 12 (8) 17 (11)

Urinary tract 6 (4) 4 (3)

Other 11 (7) 11 (7)

Positive blood culture at ICU admission 76 (48) 74 (48)

Severe sepsis 65 (41) 52 (34)

Septic shock 44 (28) 37 (24)

Hemorrhagic shock 12 (8) 9 (6)

Cardiogenic shock 10 (6) 14 (9)

Acute renal failure 39 (25) 29 (19)

Acute liver failure 16 (10) 16 (10)

Coma 40 (25) 35 (23)

Trauma 2 (1) 2 (1)

Drug overdose 5 (3) 1 (1)

(continued)
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Missing values for the outcomes assessed at 6 months were
not imputed. Binary end points were compared using the
Mantel-Haenszel χ2 test, which was adjusted for stratifica-
tion. The absolute risk reduction values were calculated using
Mantel-Haenszel risk differences, which were adjusted for
stratification, and appear with Wald 95% CIs. The homogene-
ity across strata was assessed using the Breslow-Day test.

The first per-protocol analysis was planned for patients
who received the allocated intervention at least 2 days
within the 3 calendar days following ICU admission. The sec-
ond per-protocol analysis was planned for patients who
received the allocated intervention at least 80% of the week-
days spent in the ICU. Subgroup analyses were planned
(1) among patients who received invasive mechanical venti-
lation and those who did not, (2) among male and female
patients separately, and (3) among patients admitted on a
Thursday or Friday and those admitted on another day sepa-
rately. The interactions between the variables used for strati-
fication and the studied intervention were checked using the
aligned rank transform test24 (ART package, R Foundation
for Statistical Computing) for outcomes compared using the
Mann-Whitney test and the Breslow-Day test for homogene-
ity for categorical outcomes.

No adjustment for multiple testing was planned; there-
fore, the secondary analyses should be considered explor-
atory. A 2-tailed P<.05 was considered statistically signifi-
cant. The analyses were performed using R software version
3.3.1 (R Foundation for Statistical Computing).

Results
Among 498 eligible patients, 314 were randomized. There were
159 patients randomized to the intervention group (standard-
ized early rehabilitation program plus daily electrical stimu-

lation of the quadriceps muscles and leg cycling exercises) and
155 patients were randomized to the usual care group (stan-
dardized early rehabilitation program).

Among the 314 randomized patients, 71 (22.6%) gave con-
sent in person before randomization. There were 58 patients
(18.5%) for whom next-of-kin gave consent during a tele-
phone interview and there were 94 patients (29.9%) for whom
a face-to-face interview was conducted with a family mem-
ber. In addition, 91 patients (29.0%) were included based on
the opinion of the investigators because (1) the patients were
unable to understand the study-related information and give
informed consent or (2) a family member was neither present
nor reachable by telephone within the first 12 hours. In the lat-
ter case, the patients and their family were informed as soon
as possible and were asked for their consent.

One patient in each group died before they could receive
the intervention. All the remaining randomized patients
received the intervention. One patient in each group with-
drew consent; therefore, 312 patients (mean [SD] age, 66 [15]
years; 111 [36%] women; mean [SD] Simplified Acute Physiol-
ogy Score II, 46.2 [18.1]) completed the study and were
included in the analysis. Most patients (64%) had an infec-
tion at ICU admission and received mechanical ventilation
(78%) at study inclusion. The baseline characteristics of the
patients were similar between the groups (Table 1).

Mobilization sessions were provided during 1387 patient-
days (median, 5.5 [interquartile range {IQR}, 3-11] days per pa-
tient) in the intervention group and during 1190 patient-days
(median, 5.0 [IQR, 3-10] days per patient) in the usual care
group. There were no significant between-group differences
in the amount of time elapsed until the first transfer to the edge
of the bed or to a chair, until the first standing positioning, or
until the first walking try (Supplement 2).

Fifty-seven patients (18.7%) died in the ICU and 10 ICU sur-
vivors (5 in each group) could not be assessed for the primary

Table 1. Baseline Characteristics (continued)

Intervention Group (n = 158) Usual Care Group (n = 154)

Type of Therapy Provided Before Study Enrollment, No. (%)g

Surgery within 2 d before ICU admission 13 (8) 15 (10)

Urgent surgery between ICU admission and enrollment 11 (7) 9 (6)

Noninvasive ventilation 40 (25) 37 (24)

Invasive mechanical ventilationh 121 (77) 121 (79)

Continuous intravenous sedation 119 (75) 118 (77)

Continuous intravenous muscle relaxant 35 (22) 26 (17)

Renal replacement therapy 16 (10) 11 (7)

Time elapsed between admission and receipt of first study intervention,
median (IQR), h

31 (19-46) 30 (19-45)

Abbreviations: ICU, intensive care unit; IQR, interquartile range.
a Range, 0 to 163 points; a higher score indicates an increased risk of mortality

(eg, a score of 46 predicts a hospital mortality rate of 37%).
b Grades the number and severity of organ failure from a score of 0 (no organ

failure) to a score of 24 (highest severity of organ or system failure among
respiratory, hematologic, renal, liver, cardiovascular, and neurological systems).

c Evaluates the patient’s functional status8 and is composed of 10 variables
describing activities of daily living and mobility. Range, 0 to 100; a higher score
indicates greater independence.

d Calculated as weight in kilograms divided by height in meters squared.
e Ascertained through interviews with the patient, his or her family,

by family practitioner interview, and by reviewing the patient’s hospital
health record.

f A patient may have had more than 1 immunocompromising condition.
g Unless otherwise indicated.
h Ongoing at the time of enrollment for the 121 patients in each group.
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outcome measure for logistical reasons, mainly because they
had to be transferred to another hospital while still sedated,
intubated, or both for emergency cardiac surgery or liver trans-
plantation (Figure 1). For the MRC score and the ICU Mobility
Scale score, there were 5 missing values (3.2%) in each group.
There were missing values for the ultrasound measurement
of muscle thickness for 4 patients in the intervention group
and 3 patients in the usual care group. For the Katz Index, there
were missing values for 12 patients in the intervention group
and 6 patients in the usual care group.

Primary Outcome: Global Muscle Strength at Discharge
From the ICU
The median MRC score at ICU discharge did not differ be-
tween groups (48 [IQR, 29 to 58] in the intervention group and
51 [IQR, 37 to 58] in the usual care group; median difference,
−3.0 [95% CI, −7.0 to 2.8], P = .28).

Secondary Outcomes
The median ICU Mobility Scale score at ICU discharge was
6 (IQR, 3 to 9) in both the intervention group and the usual

Table 2. Primary and Secondary Outcome Measures Assessed at Discharge From the Intensive Care Unit (ICU)

Median (IQR)a

Between-Group
Difference (95% CI)b P Value

Intervention Group
(n = 158)

Usual Care Group
(n = 154)

Primary Outcome

Global MRC score at ICU discharge
among ICU survivors12,c

48 (29 to 58) 51 (37 to 58) MD, −3.0 (−7.0 to 2.8) .28d

Secondary Outcomes

ICU Mobility Scale score at ICU discharge
among ICU survivors14,e

6 (3 to 9) 6 (3 to 9) MD, 0 (−1.0 to 2.0) .52d

Frequency of delirium, No. (%) [95% CI]f 39 (24.7) [18.6 to 32.0] 39 (25.3) [19.1 to 32.7] ARR, 0.3 (−9.4 to 10.0) .94g

Invasive mechanical ventilation, d

Intention-to-treat population 5 (2 to 10) 5 (2 to 11) MD, 0 (−2.0 to 1.5) .69h

ICU survivors

No. of patients 103 109

Mechanical ventilation for ≥1 d 6 (4.0 to 10.0) 6 (3.0 to 12.3) MD, 0 (−2.0 to 2.0) .91h

ICU decedents

No. of patients 28 24

Mechanical ventilation for ≥1 d 12.5 (5.0 to 18.5) 7.5 (3.0 to 15.5) MD, −5.0 (−11.0 to 3.5) .41h

No. of invasive mechanical ventilation-free days
at day 28

Intention-to-treat population 21 (6 to 25) 22 (10 to 25) MD, 1.0 (−2.0 to 3.0) .24h

ICU survivors with mechanical ventilation for ≥1 d 22 (18 to 24) 22 (16 to 25) MD, 0 (−2.0 to 2.0) .93h

ICU decedents with mechanical ventilation for ≥1 d 0 (0 to 0) 0 (0 to 0) MD, 0 (0 to 0) >.99h

Frequency of reintubation within 48 h
after first extubation, No./total (%) [95% CI]

12/131 (9.2)[5.3 to 15.3] 13/133 (9.8)[5.8 to 16.0] ARR, 0.7 (−6.7 to 7.9) >.99g

Change from study inclusion to ICU discharge

Rectus femoris muscle thickness, mm −1.9 (−8.0 to 0.2) −2.4 (−7.1 to −0.3) MD, −0.5 (−1.0 to 2.4) .17d

Katz Index of Independence in Activities of Daily Living16,i −3.3 (−5.5 to −1.5) −3.5 (−5.5 to −1.6) MD, 0.3 (−1.0 to 1.3) .57d

ICU mortality, No. (%) [95% CI] 33 (20.9) [15.3 to 27.9] 24 (15.6) [10.7 to 22.1] ARR, 5.4 (−3.3 to 14.0) .27g

Abbreviations: ARR, absolute risk reduction; IQR, interquartile range;
MRC, Medical Research Council.
a Data are expressed as median (IQR) unless otherwise indicated.
b The median differences (MDs) were obtained using bootstrapping. For the

outcome measures that had missing values, the MDs are pooled estimates
obtained from the analysis of 100 imputed data sets (additional details appear
in the Methods section). The median of 100 MDs is provided. The ARRs were
obtained using the Mantel-Haenszel test and were adjusted for stratification
and appear with Wald 95% CIs.

c The score reflects the strength of the muscle groups used to mobilize joints
on both body sides from 0 (no visible contraction) to 5 (normal strength).
The joint motions examined were shoulder abduction, elbow flexion, wrist
extension, hip flexion, knee extension, and ankle dorsiflexion. The overall
score range is from 0 to 60.

d Reflects the 2.5% percentile of the 100 P values yielded by the Mann-Whitney
test. The P value was adjusted for stratification performed on each of the 100
imputed data sets (additional details appear in the Methods section) and
missing values were replaced by multiple imputation.

e Grades the patient’s self-mobilization capabilities from 0 (no active
movements) to 10 (walking without any aid).

f Recorded by study nurses every day and describes whether the patient
was diagnosed as being confused or agitated. When the patient was not
diagnosed as being confused or agitated, the study nurses further assessed
the existence of delirium using the Confusion Assessment Method for
the ICU.15 Once the patient had been diagnosed as having delirium,
the patient was no longer assessed for delirium during the remaining days
spent in the ICU.

g Assessed using the Mantel-Haenszel χ2 test, which was adjusted for
stratification after the Breslow-Day test for homogeneity yielded no significant
difference across strata.

h Assessed using the Mann-Whitney test, which was adjusted for stratification.
i Evaluates the functional independence of patients. The score range is from 0

to 6; a score of 6 indicates total independence in bathing, getting dressed,
using the toilet, transferring to a chair, continence, and eating.
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care group (median difference, 0 [95% CI, −1 to 2], P = .52).
None of the secondary outcome measures assessed at ICU
discharge yielded significant between-group differences
(Table 2). Similarly, there were no significant between-group
differences in the secondary outcome measures assessed at
6 months (Table 3).

Adverse Events
The frequency of clinically significant events (≥1 event)
that occurred during mobilization sessions and needed thera-
peutic interventions (beyond simple session interruption)
was numerically similar between groups (7 patients [4.4%] in
the intervention group and 9 patients [5.8%] in the usual care
group). Among patients in the intervention group, 2 experi-
enced adverse events that were directly attributable to the
mobilization sessions (1 skin allergy to electrode pads used
for electrical muscle stimulation and 1 unplanned extubation
during an in-bed passive cycling session that needed immedi-
ate reintubation) compared with none in the usual care group
(Supplement 2).

Planned Per-Protocol and Subgroup Analyses
None of the interaction tests was significant between the in-
terventions and for any of the patient characteristics used for
stratification or defining patient subsets for the per-protocol

analyses (eTable 3 in Supplement 2). These interaction tests may
have been underpowered. The results of the subgroup analy-
ses appear in Figure 2 and should be considered exploratory
regarding the primary outcome measure (eTable 4 in Supple-
ment 2). The complete results for the secondary outcome mea-
sures appear in eTables 5 through 12 in Supplement 2.

Discussion
The main finding of this single-center clinical trial was that
among patients admitted to the ICU, early in-bed cycling
and electrical stimulation of the quadriceps muscles added
to early rehabilitation compared with early rehabilitation
alone did not result in improved global muscle strength as
assessed by the MRC score at ICU discharge. The study also
showed no significant differences in important secondary
outcomes such as the number of ventilator-free days or self-
reported quality of life at 6 months as reflected by the physi-
cal and mental components of the 36-Item Short Form
Health Survey questionnaire.

There are not many large randomized clinical trials that
have examined the effects of in-bed leg cycling or electrical
stimulation of the quadriceps muscles applied early dur-
ing the ICU stay, and none have studied the combination of

Table 3. Secondary Outcome Measures Assessed at 6 Months

Median (IQR)a

Between-Group
Difference (95% CI)b P Value

Intervention Group
(n = 158)

Usual Care Group
(n = 154)

Barthel Index8,c

No. of patients 90 106

At 6 mo 100 (90 to 100) 100 (85 to 100) MD, 0 (−5 to 5) .90d

Change in score at 6 mo 0 (−5 to 0) 0 (−10 to 0) MD, 0 (0 to 0) .46d

36-Item Short Form Health Survey score18,e

No. of patients 86 96

Physical functioning 55 (25 to 80) 45 (25 to 75) MD, 10 (−10 to 25) .22d

Role physical 50 (0 to 100) 50 (0 to 100) MD, 0 (−38 to 25) .96d

Bodily pain 68 (45 to 90) 57 (45 to 80) MD, 12 (0 to 24) .12d

General health 48 (38 to 58) 50 (31 to 61) MD, −2 (−8 to 6) .86d

Vitality 50 (38 to 63) 44 (31 to 56) MD, 6 (−6 to 12) .34d

Social functioning 75 (50 to 100) 63 (50 to 88) MD, 12 (−12 to 25) .64d

Emotional role 67 (0 to 100) 67 (0 to 100) MD, 0 (−34 to 67) .82d

Mental health 63 (50 to 80) 60 (41 to 75) MD, 3 (−5 to 10) .20d

Physical component 51 (36 to 76) 50 (33 to 66) MD, 1 (−11 to 16) .38d

Mental component 61 (42 to 78) 57 (39 to 75) MD, −4 (−16 to 9) .46d

Mortality, No. (%) [95% CI]

In the hospital 42 (26.6) [20.3 to 34.0] 32 (20.8) [15.1 to 27.9] ARR, 4.8 (−5.1 to 14.7) .35f

At 28 d 34 (21.5) [15.8 to 28.6] 24 (15.6) [10.7 to 22.1] ARR, 5.9 (−3.4 to 14.8) .24f

At 6 mo 51 (32.3) [25.5 to 39.9] 43 (27.9) [21.4 to 35.5] ARR, 4.4 (−6.1 to 14.8) .48f

Abbreviations: ARR, absolute risk reduction; IQR, interquartile range;
MD, median difference.
a Data are expressed as median (IQR) unless otherwise indicated. Only the

complete cases were analyzed. Missing values were not imputed.
b The MDs were obtained using bootstrapping. The ARRs were obtained using

the Mantel-Haenszel test and were adjusted for stratification.
c Evaluates functional status and is composed of 10 variables describing

activities of daily living and mobility. The score range is 0 to 100 and a higher
score indicates greater independence.

d Assessed using the Mann-Whitney test, which was adjusted for stratification.
e Evaluates health-related quality of life. Each item has a score range from 0 to

100; a higher score indicates better self-reported health.
f Assessed using the Mantel-Haenszel χ2 test, which was adjusted for stratification.

The Breslow-Day test was used to assess homogeneity across strata.
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both interventions. Burtin et al6 showed that when applied
each weekday to stable patients starting on the fifth day
in the ICU, a 20-minute cycling exercise was able to improve
the 6-minute walking distance, the quadriceps force, and the
patient-reported functional status at hospital discharge; how-
ever, longer-term functional status was not reported. The
single-center study findings6 were obtained in 58 patients
and should be investigated further.

Inconsistent results have been reported regarding muscle
mass preservation with electrical muscle stimulation in ICU
patients.7,27,28 The most recent randomized trials with assessor-
blinded ultrasound measurement of the thickness layers of the
quadriceps seemed to confirm that electrical muscle stimula-
tion could minimize critical illness–induced muscle mass loss.7,28

In parallel with this effect on muscle mass, a positive ef-
fect on functional outcomes like muscle strength might be ex-
pected. However, the available trials reported contradictory
results. Trials without blinded assessment showed that elec-
trical muscle stimulation had a positive effect on muscle

strength measured either during the ICU stay or at ICU or hos-
pital discharge.11,27 In contrast, trials in which muscle strength
was assessed by investigators blinded to treatment allocation
did not show such an effect.29,30

One of these studies, which was performed in 128
patients,30 showed encouraging but nonsignificant findings
suggesting better outcomes with electrical muscle stimula-
tion, however, this study may have been underpowered. Based
on these observations, the hypothesis of the current study
was that combining both interventions of in-bed cycling
and electrical stimulation of the lower limbs could poten-
tially lead to better preservation of muscle strength than ob-
served in the above-cited studies. The study findings did not
confirm this hypothesis.

It is possible that among the most fragile patients with
severe inflammation-induced muscle protein breakdown,
early additional muscle exercises are unlikely to improve
muscle function. The results of recent clinical trials pub-
lished since the current study was launched in 2014 have called

Figure 2. Box Plots of Medical Research Council Muscle Strength Score by Randomization Group

MRC Score at ICU Discharge

Weaker Stronger

40 503020100 60

All patients
Usual care (n = 149)
Intervention (n = 153)

Patients for whom intervention was
applied at least 2 d longer than the
first 3 d in the ICU
Usual care (n = 120)
Intervention (n = 106)

Patients for whom intervention was
applied ≥80% of the weekdays spent
in the ICU
Usual care (n = 109)
Intervention (n = 119)

Patients who received mechanical
ventilation at inclusion
Usual care (n = 116)
Intervention (n = 118)

Patients admitted on a Thursday
or Friday
Usual care (n = 31)
Intervention (n = 33)

Patients who did not receive
mechanical ventilation at inclusion
Usual care (n = 33)
Intervention (n = 35)

Female patients
Usual care (n = 53)
Intervention (n = 54)

Male patients
Usual care (n = 96)
Intervention (n = 99)

Patients admitted on another weekday
Usual care (n = 118)
Intervention (n = 120)

ICU indicates intensive care unit.

In these box-and-whisker plots,
the middle vertical line represents the
median; the horizontal lines extend
from the minimum to the maximum
value, excluding outside values,
which are displayed as separate open
circle points. The outside values are
smaller than the lower quartile minus
1.5 times the interquartile range or
are larger than the upper quartile plus
1.5 times the interquartile range.
The Medical Research Council (MRC)
score12 reflects the strength of the
muscle groups used to mobilize joints
on both sides of the body from 0
(no visible contraction) to 5 (normal
strength). The joint motions
examined were shoulder abduction,
elbow flexion, wrist extension, hip
flexion, knee extension, and ankle
dorsiflexion. The overall score range
is from 0 to 60. This graph excludes 5
surviving patients in each group in
whom the primary outcome could
not be assessed. The patients who
died in the ICU were assigned
a value of 0 for the MRC score.
The randomized intervention
group × subgroup interaction was
tested using the aligned rank
transform test and no plausible
interactions were found. The results
of the comparisons between the
intervention group and the usual care
group within each subgroup appear
in eTable 4 in Supplement 2.
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into question the efficacy of standardized early rehabilita-
tion programs similar to the one used in the present study,
which was based on the program of Schweickert et al4 and was
recommended by French national guidelines.31

In the study by Moss et al,32 an intensive physical therapy
program, which closely resembled the approach used for usual
care in the present study except it was applied later (on the
eighth day), failed to improve functional status at 1, 3, and 6
months. In the study by Morris et al,33 such intensive physi-
cal therapy, which additionally comprised resistance exer-
cises as early as on the fourth day, also failed to improve muscle
strength and functional status at hospital discharge.

However, conflicting results34 were found among ICU pa-
tients who underwent surgery and were receiving mechani-
cal ventilation. The early, goal-directed mobilization pro-
gram was tailored to each patient and it improved functional
mobility at hospital discharge. In addition, a meta-analysis5

showed that active mobilization may at least improve muscle
strength at ICU discharge as assessed using the MRC score.

Regarding the observation in the current study of no
significant difference in long-term outcomes such as func-
tional status and perceived quality of life at 6 months, an-
other possible explanation could be that the combination of
interventions was applied only during the ICU stay. A posi-
tive effect on muscle function was not apparent at ICU dis-
charge. However, because muscle function assessment through
the MRC score may have been affected by a ceiling effect,35

a positive effect may still have existed and may have been at-
tenuated during the days spent in the hospital without inten-
sive rehabilitation.

Data have suggested that ICU survivors may derive ben-
efit from systematic rehabilitation while receiving treatment
during stays in the general hospital ward.33,36 However, these
findings were contradicted by other randomized trials.32,37

In the present study, because the ethical committee al-
lowed proxy consent in accordance with French law for low-
risk studies, the very early application of interventions was
made possible, resulting in a median time between ICU ad-
missionandfirst interventionofapproximately30hoursinboth
groups. This could explain why the encouraging results from
the study by Burtin et al,6 in which cycling exercises began only
from the fifth day after admission, were not confirmed. It is
possible that repeatedly attempting to stimulate muscles that
still were in a catabolic phase may have been ineffective or even
deleterious. Recent observational data suggesting that elec-
trical stimulation may be beneficial only when applied from
the seventh day7 could indirectly support this view.

Therefore, a wide range of questions remains unanswered
regarding the timing, safety, efficacy, and modalities of physi-
cal rehabilitation for ICU patients. Potential long-term benefits

that ICU patients may derive from daily basic rehabilitation as
described by Schweickert et al4 and used as standard care in the
present study should be further investigated. Physiological stud-
ies should aim at identifying patients most likely to derive ben-
efit from resistance muscle exercises beyond those necessary
to achieve basic needs during the ICU stay.

Limitations
This study has several limitations. First, this was a single-
center study and the findings may not be generalizable to other
settings. However, the single-center setting also might be seen
as a strength because the sedation and ventilator weaning pro-
tocols were similar in both groups.

Second, the MRC score may not have been the ideal tool
to assess physical status. Twenty-five percent of the patients
had an MRC score higher than 58 at ICU discharge. The high-
est possible score is 60 points so this suggests that a ceiling
effect35 could have prevented detection of between-group
differences among patients with high MRC scores. However,
such a hypothetical difference did not result in better self-
perceived health status at 6-month follow-up.

Third, because the study population was mostly com-
posed of nonsurgical patients with sepsis, the findings may not
be generalizable to other patient categories. Fourth, the insuf-
ficient sample size prevented any meaningful interpretation
of the subgroups analyses.

Fifth, to account for informative missingness, the recom-
mended method used in this study consisted of assigning the
worst rank of MRC score22 (the primary outcome measure) to
the patients who died in the ICU and whose death precluded
the assessment of the MRC score at ICU discharge. This
required assumptions to be made regarding the direction and
size of the effect of the intervention on the risk of death in
the ICU. The assumption made (ie, a marginally favorable
effect of the tested intervention on survival in the ICU) may
have been incorrect and have led to an overestimation in the
power of the study.

Sixth, a weak point in the study design was the lack of lon-
gitudinal assessment of the MRC score during the ICU stay,
which would have allowed the joint analyses38 of the MRC score
trajectory and the cumulative incidence of death in the ICU.

Conclusions
In this single-center randomized clinical trial involving pa-
tients admitted to the ICU, adding early in-bed leg cycling ex-
ercises and electrical stimulation of the quadriceps muscles
to a standardized early rehabilitation program did not im-
prove global muscle strength at discharge from the ICU.
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