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Abstract
Successful weaning from mechanical ventilation (MV) belongs to the challenges in
critical care. The study evaluated the effect of the addition of in-bed leg cycling using
a MOTOmed device to standard rehabilitation on the length of MV. Randomized openlabel clinical trial. Sixty-seven mechanically ventilated patients were random allocated
in the in-bed leg cycling MOTOmed group (m-group) and the control group (c-group).
The standard physiotherapy was carried out twice a day in both groups. The m-group
received additional in-bed leg cycling rehabilitation using a MOTOmed device once
daily. We included 20 patients in m-group and 19 in c-group in the final analysis. In
the m-group, a non-significant reduction in both total length of MV (21.0 ± 9.78 vs.
24.4 ± 10.88 days, p = 0.915) and length of MV from randomization (5.4 ± 6.17 vs.
8.7 ± 8.00 days, p = 0.860) was observed. Both groups had significant muscle strength
improvement (knee joint extension, handgrip). However, the m-group patients reached
the same muscle strength level in a shorter time (8.70 ± 6.44 vs. 6.8 ± 4.3 days, p
= 0.534). In our study, adding the MOTOmed device in-bed leg cycling to standard
rehabilitation did not significantly reduce mechanical ventilation length in critically ill
patients.
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1. Introduction
Intensive Care Unit-Acquired Weakness (ICU-Acquired
Weakness) is the most frequent complication in critically
ill mechanically ventilated patients [1–3]. It usually leads
to mechanical ventilation dependence causing prolonged
intensive care unit length of stay and increased morbidity
and mortality [2]. Clinically manifested peripheral muscle
weakness has been reported in 25% to 33% of patients on
at least four days of mechanical ventilation [4, 5], and in
up to 76% of patients with sepsis [6–10]. ICU-Acquired
Weakness is associated with increased mortality [3]. In 2009,
the “Enhanced early physiotherapy rehabilitation protocol in
the intensive care unit” concept was formulated to improve the
mortality and morbidity of mechanically ventilated critically
ill patients [11].
Early rehabilitation tailored to the patient’s general condition, consciousness, and cooperation is appropriate for preventing ICU-Acquired Weakness. ICU-physiotherapy, including general body rehabilitation and mobilization, can be safely
performed in critically ill patients requiring mechanical ventilation [12–15]. Since then, several studies have shown that

early physical activity can improve outcomes if applied in
the very early within three days of mechanical ventilation
[14, 15]. Concerning the in-bed leg cycling, a non-beneficial
data related to the outcomes (non-significant influence on
muscle wasting, cardiovascular performance and respiratory
mechanics) in critically ill patients was recently published
[16, 17].
The main objective of our study was to evaluate the potentially beneficial influence of the addition of in-bed leg
cycling using a MOTOmed device to standard physiotherapy
on weaning from mechanical ventilation. The primary outcome was the overall length of mechanical ventilation (number
of ventilator days) and mechanical ventilation length from
the randomization. Secondary outcomes were (1) change in
intensity of muscle strength and speed of its recovery, (2)
a frequency of adverse alterations of vital (respiratory and
cardiovascular) parameters related to use of cycling device.

2. Materials and methods
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TA B L E 1. Inclusion and exclusion criteria.
Inclusion criteria:
• age ≥18 years
• ICU admission
• weaning from mechanical ventilation initiation
Exclusion criteria:
• inability to use cycling exercise: trauma or operation of lower limbs, pelvis, open abdomen, failure to cooperate
(qualitative and quantitative disturbance of consciousness)
• encephalopathy (ischemic, traumatic)
• cardiac arrest
• symptomatic chronic neuromuscular disorders
• extreme obesity (body mass index ≥40 kg/m2 )
• anticipated survival time ≤7 days
• patient height ≤1.5 m
ICU—intensive care unit.

2.1 Study design and setting
The trial was conducted between the 1st of September 2018 and
the 31st of December 2019 at the department of anesthesiology
and intensive care, university hospital of Ostrava.

2.2 Participants
Following their admission to the ICU, all patients on mechanical ventilation expected to last five days and more were
screened. At the time of weaning from mechanical ventilation initiation, the study physician and rehabilitation worker
assessed the patients’ eligibility using the criteria shown in
Table 1. The cause of mechanical ventilation was noted see
Table 2. According to the mobility protocol, standard rehabilitation was started within 48 hours after mechanical ventilation
initiation.

2.3 Interventions and randomization
The weaning from mechanical ventilation was considered immediately after cardiorespiratory stability was achieved. The
stability was defined as absence of low dose of vasopressors
(norepinephrine <8 µg/min), inspiratory fraction of oxygen
(FiO2 <60%) and positive end-expiratory pressure (PEEP <10
cm H2 O). At the time of the beginning of weaning the patients
were randomly allocated into the in-bed leg cycling group (mgroup) undergoing standard rehabilitation together with in-bed
cycling exercise and a control group (c-group) receiving only
rehabilitation. The intended allocation ratio was 1:1. The
randomization was performed by randomly pulling out the
unmarked sealed envelopes pre-filled with the fixed number
of group-specific designations.
In all randomized patients, the weaning was performed
strictly according to local standard of care, including gradual reduction of synchronized intermittent mandatory ventilatory support (pressure control and PEEP), followed by
spontaneous breathing on pressure support ventilation and
intermittent T piece trials. We followed cooperative analgosedation concepts (target: richmond agitation and sedation score about 0 to –2) to during the weaning period using

titrated dosage of opiates (sufentanil, S2CD02, Chilsi Pharmaceuticals, Austria) and short-term sedatives (dexmedetomidine, 2112311, Hameln Pharmaceuticals BBraun Melsungen
AG, Spain), (propofol, 211138071, Hameln Pharmaceuticals
BBraun Melsungen AG, Germany). Discontinuation of mechanical ventilation was considered after two successful consecutive spontaneous breathing trials.
At the randomization, the informed consent was signed
by two study-independent physicians in unconscious patients
and obtained directly from the patients conscious enough to
approve the study participation. The study physician collected
the baseline, clinical, and outcome characteristics in all randomized patients (see Table 3) and stored them in the secure
analog database.
Muscle strength was assessed in both groups by study rehabilitation worker at the two-time points: the time of randomization and the end of rehabilitation when each patient
was discharged from the intensive care unit. The medical
research council manual muscle testing scale was used [18].
The strength was measured by a dynamometer (microFET2,
Hoggan Scientific LCC, Salt Lake, UT, USA). The wrist
flexors on the upper extremity and the knee extensors were
evaluated three times, 4 seconds each measurement, and then
the average was calculated.
Rehabilitation was carried out twice a day in both groups.
The standard rehabilitation included: (1) chest physiotherapy encompassing manual therapy, ventilation support (contact breathing, activation of diaphragm, reflex stimulation of
breathing), and airway clearance techniques (vibration, breathing exercises on the side or in sitting position, cough assistance, instrument support-vest airway clearance system), and
(2) functional mobility training using recondition (reeducation
of the range of motion and muscle strength, coordination
and endurance training), mobilization according to the mobility protocol. In passive patients, we performed a passive
exercise to prevent secondary changes. In-bed cycling was
performed once daily only in the m-group 5 days a week
except for Saturday and Sunday. The cycling device was
the MOTOmed Letto 2 (RECK–Technik GmbH, Betzenweiler,
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Cause

TA B L E 2. The causes for mechanical ventilation in m-group and c-group.
m-group
c-group

p-value

(n = 20)

(n = 19)

Pneumonia % (n)

42.86 (9)

10.53 (2)

0.022

Exacerbation of chronic pulmonary disease % (n)

4.76 (1)

5.26 (1)

1.00

0

0

9.52 (2)

5.26 (1)

1.00

0

5.26 (1)

0.475

4.76 (1)

0

1.00

0

0

Sepsis % (n)

4.76 (1)

26.32 (5)

0.085

Major surgery % (n)

9.52 (2)

21.05 (4)

0.398

5.26 (1)

0.475

pulmonary

Aspiration % (n)
Pleural cavity disorders (pneumothorax, fluidothorax) % (n)
other % (n)
extrapulmonary
Multiple trauma % (n)
Isolated chest wall trauma % (n)

Cardiogenic pulmonary edema % (n)
Burns % (n)

0

0

other % (n)

23.81 (5)

21.05 (4)

1.00

Nominal values are stated as absolute numbers and relative frequencies (in %). p-values correspond to the tests of significant
differences between research group a control group.
M-group—MOTOmed group; C-group—control group.

Germany). The therapy was targeted to at least 10 minutes of
active cycling in (1) servo mode, (2) without resistance, or (3)
against dosed resistance, depending on their current ability in
the m-group [19].
Before release from the intensive care unit, a cycling test
was performed in both groups (10 minutes in the primary mode
without resistance), as was the barthel index for activities of
daily living.

2.4 Ethics and outcomes
The code of ethics of the world medical association (Declaration of Helsinki) for human subjects experiments was pursued.
We followed (1) overall length of mechanical ventilation
(number of ventilator days) and mechanical ventilation length
from the randomization, (2) change in intensity of muscle
strength and speed of its recovery, (3) presence of adverse
alterations of vital (respiratory and cardiovascular) parameters
related to use of cycling device.

2.5 Statistical analysis
The sample was characterized using descriptive statistics (the
median, arithmetic mean, standard deviation, frequency tables). The distribution of quantitative data was tested for
normality by using shapiro-wilk normality test, data was not
normal distributed. Selected characteristics (methods) were
compared between m-group and c-group using the nonparametric test. Mann-whitney was used for testing the quantitative
data and chi-squared test for qualitative data or, where the
criteria for chi-squared test using not accepted, fisher’s exact
test was performed. The data were graphically depicted as box
plots. The level of significance was set at 5%. The analyses
were performed by certified statistician using Stata 13 software

application.

3. Results
A total of 508 critically ill patients underwent mechanical
ventilation during the study period. We randomized a total
of 67 patients. In the final analysis, we included 39 patients
(m-group, n = 20, and c-group, n = 19). For more details
concerning patient selection, please see the consort flow diagram (Fig. 1). The baseline, clinical, and relevant outcome
characteristics are summarized in Table 3.

3.1 Primary outcome
The mechanical ventilation length did not significantly differ
between the m-group and the c-group (21.0 ± 9.78 vs. 24.4
± 10.88 days, respectively, p = 0.915). The mechanical
ventilation length from randomization to the discontinuation
of mechanical ventilation did not significantly differ between
groups (5.4 ± 6.17 vs. 8.7 ± 8.00 days, respectively, p = 0.860;
Fig. 2).

3.2 Secondary outcomes
M-group and c-group patients’ dynamometric values did not
significantly differ in both measured groups of muscles (knee
joint extensors, wrist flexors) at the time of randomization.
However, comparing values at randomization, we observed
a significant improvement in muscle strength at the time of
ICU discharge in both groups. Dynamometric evaluation of
knee joint extension revealed a significant improvement in the
m-group respondents in both the left (LLE) and right lower
extremity (RLE) (p = 0.004 and 0.015, respectively). Apart
from the RUE (p = 0.576), the same significant improvement in
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TA B L E 3. The baseline, clinical and outcome characteristics in m-group and c-group.
m-group
c-group

Characteristics

p-value

(n = 21)

(n = 19)

53.0 ± 16.02

67.0 ± 12.59

0.036

Sex (male % (n))

52 (11)

58 (11)

0.726

Sex (female % (n))

48 (10)

42 (8)

Body weight (kg)

83.0 ± 17.34

80 ± 22.6

0.744

Height (cm)

baseline
Age (years)

170.0 ± 8.67

170 ± 8.91

0.453

2

29.4 ± 6.12

27.5 ± 6.33

0.652

Diabetes mellitus (% (n))

23.81 (5)

26.32 (5)

0.855

Chronic coronary artery disease (% (n))

4.76 (1)

31.58 (6)

0.04

Chronic obstructive pulmonary disease (% (n))

14.29 (3)

10.53 (2)

1.00

Stroke (% (n))

0 (0)

10.53 (2)

0.219

Cancer (% (n))

28.57 (6)

21.05 (4)

0.721

0

0

0

14.29 (3)

31.58 (6)

0.265

APACHE II*

12.0 ± 2.1

12 ± 2.3

0.760

SOFA score**

12.0 ± 2.1

12 ± 2.3

0.760

Kreatinin (µmol/L)**

83.95 ± 80.12

161.47 ± 139.38

0.0086

Billirubin (µmol/L))**

17.52 ± 6.68

14.57 ± 4.55

0.1293

Platelets (×10 /µL))**

248.90 ± 106.94

278.74 ± 240.06

0.5156

PaO2 / FiO2 (mmHg)**

281.15 ± 77.21

270.84 ± 77.35

0.8179

SpO2 / FiO2 **

2.97 ± 0.50

2.92 ± 0.45

0.9136

Richmond Agitation and Sedation Scale**

–2.48 ± 1.75

–2.74 ± 1.56

0.7406

BMI (cm/m )

Liver cirrhosis (% (n))
Chronic kidney disease (% (n))
clinical
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outcome
Rehabilitation days (n)

10.75 ± 6.69

9.95 ± 4.97

0.8217

Total length of mechanical ventilation (days)

21.0 ± 9.78

24.4 ± 10.88

0.915

Length of mechanical ventilation since randomization (days)

5.4 ± 6.17

8.7 ± 8.00

0.860

Intubation to randomization (days)

15.3 ± 6.82

15.7 ± 8.41

0.008

ICU admission to beginning physiotherapy (days)

3.0 ± 3.56

1.0 ± 4.92

0.288

ICU admission to randomization (days)

14.0 ± 9.71

9.0 ± 6.96

0.170

Randomization to discharge from ICU (days)

11.0 ± 7.91

11.0 ± 12.19

0.616

Randomization to end of physiotherapy (days)

18 ± 12.94

28 ± 37.91

0.103

Absence of physiotherapy (days)

3 ± 2.78

0.5 ± 1.55

0.050

Barthel Index for Activities of Daily Living

35 ± 19.1

33 ± 24.04

0.610

ICU length of stay (days)

25 ± 37.93

28 ± 11.00

0.832

0 (0)

3 (8)

0.234

ICU mortality (n (%))

Nominal values are stated as absolute numbers and relative frequencies (in %), numeric values with the mean ± standard deviation
(SD). p-values correspond to the tests of significant differences between research group a control group.
SOFA—sequential organ failure assessment; m-group—MOTOmed group; c-group—control group; ICU—intensive care unit;
PaO2 —partial pressure of oxygen; SpO2 —peripheral oxygen saturation.
* The parameters were calculated from the worst values during the first 24 hours after admission; ** The parameters were
calculated or noted at the day of the weaning initiation.

muscle strength was observed in handgrip values: in the LUE
in the m-group (p = 0.004) and both upper extremities (LUE

and RUE) in the c-group (p = 0.011 and 0.017, respectively),
see Table 4. The m-group patients reached the same muscle
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F I G U R E 1. Consort flow diagram. CONSORT—Consolidated standards of reporting trials.
strength level in a non-significantly shorter time (8.70 ± 6.44
vs. 6.8 ± 4.3 days, p = 0.534). The result was achieved even
when the interval of rehabilitation absence was significantly
longer in the m-group (3 ± 2.78 vs. 0.5 ± 1.55 days, p = 0.050).
The average duration of physiotherapy lasted 18 ± 12.94 days
in the m-group compared to 28 ± 37.91 days in the c-group (p
= 0.103).
We found no adverse alteration in physiological respiratory
and cardiovascular parameters (respiratory rate, pulse oximetry, heart rate, mean arterial blood pressure, frequency of heart
arrhythmias) in all patients from m-group, leading to procedure
interruption.
The m-group patients had non-significantly higher scores on
the Barthel test than the c-group (35 ± 19.1 vs. 33 ± 24.04, p
= 0.610). The ICU length of stay was non-significantly shorter
in the m-group than in the c-group (25 ± 38.9 days and 28 ±
11.0 days, respectively, p = 0.813). No death was observed in
the m-group, while the ICU mortality rate was 8 % (p = 0.234)
in c-group.

4. Discussion
Our study’s results demonstrated that adding the MOTOmed
device has not a statistically significant beneficial influence
on the overall length of mechanical ventilation and length of
mechanical ventilation since randomization. We also observed

a non-significant difference in the recovery of muscle strength.
No vital functions adverse events were observed in m-group.
However, although a statistical significance was not achieved,
a trend to better results could be observed in all followed
primary and secondary outcomes, rendering using the MOTOmed device in mechanically ventilated critically ill patients
as promising.

4.1 Mechanical ventilation and in-bed
cycling
Our study belongs to a few interventional studies reporting the
influence of in-bed leg cycling on the length of mechanical
ventilation in critically ill patients. The most similar trial was
performed by Yu et al. [20], enrolling the patients almost
simultaneously. They found a statistically significant difference in ICU length of stay, the average length of mechanical
ventilation, and the Barthel index favored the intervention
group [20]. Our study showed a beneficial effect of in-bed
leg cycling exercise in the same parameters. Compared the
methodology of the Yu et al. [20] study, the reasons for
our non-significant results were most probably as follows:
(1) smaller number of patients enrolled, as the main factor,
(2) our patients were almost all intubated before admission
to ICU, which might bias the results due to the unknown
possible adverse effect of previous treatment strategy, and (3)
the length of mechanical ventilation in Yu et al. [20] study
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F I G U R E 2. Comparison of total length of mechanical ventilation in m-group and c-group and of length of mechanical
ventilation from randomization in m-group and c-group. m-group—MOTOmed group; c-group—control group; MV—
mechanical ventilation; MVRAND—mechanical ventilation from randomization.
TA B L E 4. Comparison of dynamometry results in m-group and c-group.
Dynamometry (kilogram-force; kgf)
m-group
c-group
p-value
Knee joint extension
LLE 1

2.3 ± 2.89

2.2 ± 1.85

0.86

LLE 2

3.4 ± 3.46

3.5 ± 3.22

0.703

p-value

0.015

0.011

RLE 1

1.8 ± 2.96

1.8 ± 2.12

0.978

RLE 2

3.3 ± 3.29

4.0 ± 3.36

0.855

p-value

0.004

0.005

LUE 1

1.7 ± 1.33

2.2 ± 1.90

0.523

LUE 2

3.3 ± 1.62

3.0 ± 2.27

0.855

Hand grip

p-value

0.005

0.011

RUE 1

1.6 ± 7.37

2.3 ± 1.45

0.342

RUE 2

2.8 ± 2.25

2.9 ± 1.96

0.563

p-value

0.0576

0.017

The dynamometry measurement was performed at the time of randomization (1) and at the end of rehabilitation;
(2) p-values in the rows present significance of muscle power improvement, while p-value in the column
describes comparison between study groups; numeric values with the mean ± standard deviation; p-values
correspond to the tests of significant differences between m- group and c-group.
LLE—left low extremity; RLE—right low extremity; LUE—left upper extremity; RUE—right upper extremity.
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was almost twice shorter than in our study (8 to 10 days vs.
21 to 24 days, respectively) implying that we enrolled more ill
patients possibly influencing the results. Machado et al. [21]
evaluated MOTOmed-based passive cycling in a randomized
fashion in mechanically ventilated patients. In consent with
our results, they found improvement in muscle strength in
both study groups, with a more pronounced increase in the
intervention group. They also analyzed data from a small
number of patients (n = 36) and did not find a significant
mechanical ventilation length difference. They even observed
that the length of mechanical ventilation was three days longer
in the intervention group, while our results showed 3.4 days
short interval.
Schweickert et al. [15] pursued the efficacy of combining
daily interruption of sedation with physical and occupational
therapy on functional outcomes of mechanically ventilated
intensive care patients (n = 104). Among other results, they
found significantly more ventilator-free days on the 28th day
of hospital stay in a study group with daily interruption and
physical and occupational activity (2.5 days difference). They
also found a significant reduction in the overall length of
mechanical ventilation. Compared to our results, the length
of mechanical ventilation in the study was almost five times
shorter.The possible explanation of why the authors found a
significant difference in mechanical ventilation length might
include the daily interruption of sedation or that the study
included less severely ill patients with better rehabilitation
ability.

4.2 Cycling and non-mechanical ventilation
outcome
Pires-Neto et al. [10] evaluated physiological changes and
safety of an earlier cycling intervention (<72 hours of mechanical ventilation) in critically ill patients. They found that early
passive cycling exercise in sedated, critically ill, mechanically
ventilated patients was not associated with significant alterations in hemodynamic, respiratory, or metabolic variables
[10]. Our study also did not observe any adverse changes
in physiological variables leading to in-bed cycling premature
interruption.
In consent with other studies [21], we demonstrated a significant favorable influence of early physiotherapy on muscle
strength improvement. The isometric handgrip, elbow joint
flexion, and knee joint extension methods using portable dynamometers were used to evaluate muscle strength. It has been
demonstrated that dynamometry can provide reliable measurements in critically ill patients. However, it should be
considered that moderate changes in strength may be required
to overcome measurement error during the acute recovery
period [22].
In actual clinical practice, various respiratory physiotherapy
elements are used to activate weakened respiratory muscles
and help with airway hygiene, thereby supporting ventilation
and contributing to the patient’s early disconnection from mechanical ventilation. The long-term rehabilitation plan included trunk stabilization exercises; passive, active, and resistance exercises with a thera-band; cycling exercises; sitting
and standing exercises; walking between parallel bars; and

walking upstairs, all five times a week for 30–60 minutes.
After rehabilitation, significant improvements were noted in
increased muscular strength in the upper and lower extremities,
improved locomotion, and walking up and down the stairs (and
time to disconnect from mechanical ventilation) [23]. In a
prospective, randomized, controlled study, Chih-Cheng et al.
[24] investigated the effects of 6 weeks of respiratory exercise
and upper and lower limb exercise in patients with long-term
mechanical ventilation. The program was developed as a 5week workout, focusing on respiratory muscle exercises, limb
exercises, functional training, and walking. In the rehabilitated group, functional status and muscle strength improved
significantly compared with the control group, in which an
apparent decrease in both values was observed. A shorter time
to disconnecting from mechanical ventilation was recorded in
the intervention group [24]. Our data show that daily addition
of in-bed cycling physiotherapy to standard physiotherapy
increases muscle strength to a similar degree in both groups
but in a shorter time than routine rehabilitation.

4.3 Study limitations
Our study’s limitations included the small number of subjects,
which decreases the results’ generalizability and limits the
chance to prove statistical significance. However, the addition
of in-bed cycling exercise to standard physiotherapy showed
an unequivocal trend to benefit in all followed end-points
(length of mechanical ventilation, muscle strength, Barthel
index for activities of daily living, ICU length of stay) without
significant physiologic adverse effects. The loss of subjects to
follow-up also belongs to study limitations, further decreasing
sample size and potentially introducing bias.

5. Conclusion
We observed no significant reduction in the length of mechanical ventilation between groups. However, the trend to
shorten the length of mechanical ventilation and the time to
improve muscle strength, without concurrent adverse physiological effects, might indicate a possible beneficial effect of
the combination of in-bed cycling exercise and the standard
physiotherapy in m-group mechanically ventilated critically
ill patients. However, a large multicenter randomized trial is
needed to confirm the effectiveness of in-bed leg cycling in
critical care.

A UTHOR CONTRIBUTIONS

JM designed the research study and wrote the manuscript.
CI performed the research and collected data. FI performed
the research, KL performed the research, KM performed the
research, NI performed the research and collected data, KZ
collected data and processed data, ZR designed the research
and co-wrote the manuscript, all authors read and approved the
final manuscript.

8

E T H I CS A PPR OVA L AN D CONS E N T TO
PA RT ICI PAT E

The ethics committee approved this prospective, randomized,
controlled, open-label clinical trial of the university hospital
of Ostrava (Ref: 404/2017), registered at clinicaltrial.gov (ID:
NCT03581760). The informed consent was signed by two
study-independent physicians in unconscious patients and obtained directly from the patients conscious enough to approve
the study participation.

[11]

[12]

[13]

[14]

AC K NOW LED G ME N T

The authors acknowledge Hana Tomaskova for statistical analysis; Jan Sida and Martina Stodulkova for assistance with
collecting the data and data management.

[15]

[16]

F U ND ING
[17]

The study was supported by a grant project of University
Hospital of Ostrava: MH CZ – DRO-FNOs/2017.
CO NFL ICT OF IN T ERE ST

[18]

The authors declare no conflict of interest.
R E F ER ENCE S
[19]
[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Topp R, Ditmyer M, King K, Doherty K, Hornyak J 3rd. The effect of bed
rest and potential of prehabilitation on patients in the intensive care unit.
AACN Clinical Issues. 2002; 13: 263–276.
Schweickert WD, Hall J. ICU-acquired weakness. Chest. 2007; 131:
1541–1549.
Deem S. Intensive-care-unit-acquired muscle weakness. Respiratory
Care. 2006; 51: 1042–1052.
De Jonghe B, Sharshar T, Lefaucheur JP, Authier FJ, Durand-Zaleski
I, Boussarsar M, et al. Paresis acquired in the intensive care unit: a
prospective multicenter study. The Journal of the American Medical
Association. 2002; 288: 2859–2867.
de Letter MCJ, Schmitz PIM, Visser LH, Verheul FAM, Schellens
RLLA, Op de Coul DAW, et al. Risk factors for the development of
polyneuropathy and myopathy in critically ill patients. Critical Care
Medicine. 2001; 29: 2281–2286.
Witt NJ, Zochodne DW, Bolton CF, Grand’Maison F, Wells G, Young
GB, et al. Peripheral nerve function in sepsis and multiple organ failure.
Chest. 1991; 99: 176–184.
Tepper M, Rakic S, Haas JA, Woittiez AJJ. Incidence and onset of critical
illness polyneuropathy. The Netherlands Journal of Medicine. 2000; 56:
211–214.
Khan J, Harrison TB, Rich MM, Moss M. Early development of
critical illness myopathy and neuropathy in patients with severe sepsis.
Neurology. 2006; 67: 1421–1425.
Ali NA, O’Brien JM, Hoffmann SP, Phillips G, Garland A, Finley JCW,
et al. Acquired weakness, handgrip strength, and mortality in critically
ill patients. American Journal of Respiratory and Critical Care Medicine.
2008; 178: 261–268.
Camargo Pires-Neto R, Fogaça Kawaguchi YM, Sayuri Hirota A, Fu
C, Tanaka C, Caruso P, et al. Very early passive cycling exercise in

[20]

[21]

[22]

[23]

[24]

mechanically ventilated critically ill patients: physiological and safety
aspects - a case series. PLoS One. 2013; 8: 74182.
Zhang L, Hu W, Cai Z, Liu J, Wu J, Deng Y. et al. Early mobilization of
critically ill patients in the intensive care unit: a systematic review and
meta-analysis. PLoS One. 2019; 14: 0223185.
Bailey P, Thomsen GE, Spuhler VJ, Blair R, Jewkes J, Bezdjian L, et al.
Early activity is feasible and safe in respiratory failure patients. Critical
Care Medicine. 2007; 35: 139–145.
Kho ME, Damluji A, Zanni JM, Needham DM. Feasibility and observed
safety of interactive video games for physical rehabilitation in the
intensive care unit: a case series. Journal of Critical Care. 2012; 27:
219.e1–219.e6.
Morris PE, Goad A, Thompson C, Taylor K, Harry B, Passmore L, et
al. Early intensive care unit mobility therapy in the treatment of acute
respiratory failure. Critical Care Medicine. 2008; 36: 2238–2243.
Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Pawlik
AJ, Esbrook CL, et al. Early physical and occupational therapy in
mechanically ventilated, critically ill patients: a randomised controlled
trial. The Lancet. 2009; 373: 1874–1882.
Nickels MR, Aitken LM, Barnett AG, Walsham J, King S, Gale NE, et al.
Effect of in-bed cycling on acute muscle wasting in critically ill adults: a
randomized clinical trial. Journal of Critical Care. 2020; 59: 86–93.
Santos LMH, Novaes APL, Dantas FMNA, Ribeiro LC, Castro
CMMBD, França EETD. Acute effect of passive cycloergometry on the
cardiovascular system and respiratory mechanics of critically ill patients:
a randomized controlled trial. Fisioterapia em Movimento. 2019; 32:
e003232.
Medical research council. Aids to the Investigation of Peripheral
Nerve Injuries (War Memorandum No. 7). 1976. Available at:
https://mrc.ukri.org/documents/pdf/aids-to-theexamination-of-the-peripheral-nervous-system-mrcmemorandum-no-45-superseding-war-memorandum-no-7/
(Accessed: 09 October 2020).
Informa Markets – Healthcare MOTOmed letto2 legs/arms for early
mobilization and in the intensive care. 2020. Available at: https:
//www.motomed.com/en/products/motomed-letto2-leg-arm/
(Accessed: 11 October 2020).
Yu L, Jiang JX, Zhang Y, Chen YZ, Shi Y. Use of in-bed cycling combined
with passive joint activity in acute respiratory failure patinets receiving
mechanical ventilation. Annals of Palliative Medicine. 2020; 9: 175–181.
Machado ADS, Pires-Neto RC, Carvalho MTX, Soares JC, Cardoso DM,
Albuquerque IMD. Effects that passive cycling exercise have on muscle
strength, duration of mechanical ventilation, and length of hospital stay
in critically ill patients: a randomized clinical trial. Jornal Brasileiro De
Pneumologia. 2017; 43: 134–139.
Baldwin CE, Paratz JD, Bersten AD. Muscle strength assessment in
critically ill patients with handheld dynamometry: an investigation of
reliability, minimal detectable change, and time to peak force generation.
Journal of Critical Care. 2013; 28: 77–86.
Silva APP, Maynard K, Cruz MR. Effects of motor physical therapy
in critically ill patients: literature review. Revista Brasileira de terapia
intensiva. 2010; 22: 85–91.
Lai CC, Chou W, Chan KS, Cheng KC, Yuan KS, Chao CM, et al. Early
mobilization reduces duration of mechanical ventilation and intensive
care unit stay in patients with acute respiratory failure. Archives of
Physical Medicine and Rehabilitation. 2017; 98: 931–939.

How to cite this article: Jan Maca, Chwalkova Iva, Fiedorova
Iva, Knapkova Lucie, Koci Marketa, Nytra Ivana, et al. The
effect of the addition of in-bed leg cycling using a MOTOmed
device to standard rehabilitation on the length of mechanical
ventilation: a randomized clinical trial. Signa Vitae. 2022.
doi:10.22514/sv.2022.024.

