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ABSTRACT

Survival from critical illness has improved in recent years, 
leading to increased attention to the sequelae of such illness. 
Neuromuscular weakness in the intensive care unit (ICU) is 
common, persistent, and has significant public health impli-
cations. The differential diagnosis of weakness in the ICU is 
extensive and includes critical illness neuromyopathy. Pro-
longed immobility and bedrest lead to catabolism and muscle 
atrophy, and are associated with critical illness neuromyopa-
thy and ICU-acquired weakness. Early mobilization therapy 
has been advocated as a mechanism to prevent ICU-acquired 
weakness. Early mobilization is safe and feasible in most 
ICU patients, and improves outcomes. Implementation of 
early mobilization therapy requires changes in ICU culture, 
including decreased sedation and bedrest. Various technolo-
gies exist to increase compliance with early mobilization pro-
grams. Drugs targeting muscle pathways to decrease atrophy 
and muscle-wasting are in development. Additional research 
on early mobilization in the ICU is needed.

M EDICINE has long turned to bedrest as an adjunct 
in the treatment of severe illness and convalescence 

after surgery. Hippocrates suggested that all pain is relieved 

by bedrest.1 However, in the early 20th century, physi-
cians and researchers began to recognize the “evil sequelae 
of complete bedrest,”2 noting that “prolonged periods of 
recumbency in bed are anatomically, physiologically, and 
psychologically unsound and unscientific.”3 More recently, a 
systematic review of 39 trials of bedrest for 15 different con-
ditions showed no benefit and highlighted the potential for 
harm,1 including atelectasis, venous thrombosis, pulmonary 
edema, bone atrophy, muscle-wasting, vasomotor instability, 
constipation, and backache.2,3

Traditionally, healthcare providers working in intensive 
care units (ICUs) have focused their attention on normal-
izing the severe cardiopulmonary derangements that put 
their patients’ lives at risk. However, as survival from critical 
illness has improved, focus has shifted to include prevent-
ing the sequelae of critical illness, including neuromuscular 
weakness. Neuromuscular weakness occurs in approximately 
25–50% of critically ill patients,4,5 and persists for years 
after ICU discharge, such that only half of survivors return 
to work within a year.6,7 Early mobilization of ICU patients 
has been touted as one intervention to decrease the weakness 
and deconditioning associated with critical illness. Recent 
studies have demonstrated that early mobilization is safe, 
feasible, and beneficial in the ICU population.8–11

This review outlines the physiologic consequences of 
bedrest; the pathophysiology of neuromuscular weakness 
acquired in the ICU; and the safety, feasibility, and potential 
benefits of early mobilization during critical illness.

The Physiologic Consequences of Bedrest
It has been said that rest “of injured parts and of diseased 
bodies is the most valuable of all methods of treatment but 
may lead to untoward results when utilized either injudi-
ciously or excessively.”12 Indeed, in recent years, the medi-
cal community has increasingly acknowledged the adverse 
effects of physical inactivity, bedrest, and immobility.

During bedrest, skeletal muscle utilization is decreased. 
Muscles are activated less frequently, for shorter periods of 
time, and are responsible for smaller loads. This mechanical 
unloading of muscles triggers a cascade of responses – slowed 
protein synthesis, accelerated proteolysis, and increased 
apoptosis – that alters skeletal muscle morphology, the 
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proportion of slow and fast twitch muscle fibers, contractil-
ity, and aerobic capacity, ultimately resulting in catabolism, 
atrophy, and weakness.13,14

Paddon-Jones et al. evaluated the effect of 28 days of bed-
rest on protein loss in young, healthy volunteers and found 
a 23% reduction in leg-extension strength.15 Concomitant 
inflammation and stress exacerbate the weakness associ-
ated with bedrest. In a follow-up study, Paddon-Jones et al. 
administered hydrocortisone to achieve plasma cortisol lev-
els consistent with acute illness in volunteers subjected to 
28 days of bedrest and found a 28% loss of leg-extension 
strength and a 3-fold greater loss of lean leg mass compared 
with bedrest alone (P = 0.004).16

A recent systematic review of 39 trials of bedrest (n = 
5,777) for 15 different conditions evaluating a variety of 
outcomes including disability, pain, and mortality found no 
significant improvement in outcomes for any condition. In 
nine conditions, including acute myocardial infarction, low 
back pain, hepatitis, and pregnancy-induced hypertension, 
bedrest was associated with worsened outcomes.1

ICU-acquired Weakness
Neuromuscular weakness in the ICU is common; approxi-
mately 50% of ICU patients with sepsis, multiorgan failure, 
or prolonged mechanical ventilation have electrophysiologic 
evidence of neuromuscular dysfunction.5 The incidence 
increases to 100% in patients with both systemic inflam-
matory response syndrome/sepsis and multiorgan failure.17 
More than 25% of ICU patients undergoing mechanical 
ventilation for 7 or more days have clinical evidence of weak-
ness on awakening.4 Marked diaphragmatic atrophy can be 
seen 18 h after the onset of mechanical ventilation,18 and 
the onset of weakness may occur as early as ICU day 2.17 

The differential diagnosis for neuromuscular weakness in 
the ICU is broad, and the mnemonic MUSCLES aids cli-
nicians in remembering some of the most common causes 
(table 1).19 A clinical algorithm for the evaluation of general-
ized weakness in the ICU, which includes laboratory test-
ing, radiographic imaging, and electromyography, can also 
be helpful (fig. 1).

Included in the long differential of weakness in the 
ICU is critical illness neuromyopathy (CINM). CINM is 
an umbrella term for a spectrum of neuromuscular disor-
ders associated with critical illness, including critical illness 
polyneuropathy (CIP), critical illness myopathy (CIM), and 
disorders of the neuromuscular junction.5,19 Differentiating 
between CIP and CIM often requires electrophysiology and/
or direct muscle stimulation; although compound muscle 
action potential amplitudes are reduced in both conditions, 
sensory nerve action potential amplitudes are reduced or 
absent in CIP but normal in CIM (fig. 2).20 In addition, 
creatine kinase levels are increased in about 50% of CIM 
patients, but normal in those with CIP. CIM can be further 
divided into four histologic subtypes: necrotizing, cachectic, 
acute rhabdomyolysis, and thick filament loss. The necrotiz-
ing subtype is associated with a poorer prognosis.19 Because 
CIP and CIM frequently occur concurrently, they are often 

Table 1.  Mnemonic for Differential Diagnosis of 
Generalized Weakness in the ICU 

M Medications: steroids, neuromuscular blockers 
(pancuronium, vecuronium), zidovudine, 
amiodarone 

U Undiagnosed neuromuscular disorder: 
myasthenia, LEMS, inflammatory myopathies, 
mitochondrial myopathy, acid maltase 
deficiency

S Spinal cord disease (ischemia, compression, 
trauma, vasculitis, demyelination) 

C Critical illness myopathy, polyneuropathy
L Loss of muscle mass (cachectic myopathy, 

rhabdomyolysis)
E Electrolyte disorders (hypokalemia, 

hypophosphatemia, hypermagnesemia)
S Systemic illness (porphyria, AIDS, vasculitis, para-

neoplastic, toxic)

Reprinted with permission from Maramattom et al. and Wolters 
Kluwer Health.19

AIDS = acquired immunodeficiency syndrome; ICU = intensive 
care unit; LEMS = Lambert–Eaton myasthenic syndrome.

Fig. 1. Algorithm for evaluation of generalized weakness in 
the ICU. Adapted with permission from Maramattom et  al. 
and Wolters Kluwer Health.19 ABG = arterial blood gas;  
AIDP = acute inflammatory demyelinating polyneuropathy; 
CBC = complete blood count; CIDP = chronic inflammatory 
demyelinating polyneuropathy; CIP = critical illness polyneu-
ropathy; CSF = cerebrospinal fluid; EMG = electromyography; 
ESR = erythrocyte sedimentation rate; ICU = intensive care 
unit; MRI = magnetic resonance imaging; NMJ = neuromus-
cular junction; STAT = statim.
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treated as one entity: CINM. The pathophysiology of CINM 
is complex and includes the sequelae of bedrest, the effects 
of critical illness-induced cytokine production, and possibly 
the interplay of drugs such as neuromuscular blockers and 
corticosteroids (fig. 3). Protein-energy malnutrition, electro-
lyte imbalances, and glutamine deficiency also play a role, 
highlighting the importance of nutritional supplementation 
in the critically ill.21,22

ICU-acquired weakness (ICUAW), defined as bilateral 
symmetrical limb weakness, is the clinical manifestation 
of CINM.14 The typical presentation is flaccid quadripare-
sis and hyporeflexia or areflexia, with sparing of the cranial 
nerves.19 This acquired weakness is associated with respira-
tory muscle weakness, difficulty weaning from the ventilator, 
and prolonged ICU length of stay (LOS).14,23 A prospective 
cohort study of 174 ICU patients in five academic medi-
cal centers requiring at least 5 days of mechanical ventila-
tion without evidence of preexisiting neuromuscular disease 
revealed that ICUAW was independently associated with 
hospital mortality in both a multivariate logistic regression 
model (odds ratio OR: 7.8, 95% CI: 2.4–25.3) and in an 
analysis using propensity score matching (OR: 5.2, 95% CI: 
1.5–18.3).24

Several studies have evaluated the risk factors for CINM 
and ICUAW (table 2). The systemic inflammatory response 
syndrome, sepsis, and multiorgan failure have been repeat-
edly implicated. A systematic review of neuromuscular dys-
function acquired in critical illness included 1,421 ICU 
patients in 24 studies and identified hyperglycemia, the 
systemic inflammatory response syndrome, sepsis, multior-
gan dysfunction, renal replacement therapy, and catechol-
amine administration as risk factors for the development of 
CINM. No consistent relationship between CINM and age, 
gender, severity of illness, or exposure to corticosteroids or 
neuromuscular blocking agents was found.5 In a prospective 
cohort study of 95 ICU patients who underwent mechanical 
ventilation for 7 days or more in four hospitals in France, 
De Jonghe et al. found that the independent predictors of 
ICUAW were female sex (OR: 4.66, 95% CI: 1.19–18.30), 
the number of days with dysfunction of two or more organs 
(OR: 1.28, 95% CI: 1.11 to 1.49), duration of mechanical 
ventilation (OR: 1.10, 95% CI: 1.00 to 1.22), and admin-
istration of corticosteroids (OR: 14.90, 95% CI: 3.20–
69.80).4 Although corticosteroids inhibit protein synthesis 
in type II muscle fibers and contribute to severe protein 
catabolism,25 the relationship between corticosteroids and 

Fig. 2. Direct muscle stimulation, during which stimulating and recording electrodes are both placed in the muscle. In critical 
illness neuropathy, compound muscle action potentials are reduced or absent after conventional nerve stimulation but normal 
after direct muscle stimulation. In critical illness myopathy, compound muscle action potentials are reduced or absent after both 
conventional nerve stimulation and direct muscle stimulation. Reproduced with permission from Zink et al. and Macmillan Pub-
lishers Ltd: Nature Review Neurology, 2009.20
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CINM/ICUAW has been inconsistent, and corticosteroids 
were even found to be protective for the development of 
weakness in one study.26 Whether the use of neuromuscu-
lar blocking agents increases the risk of CINM and ICUAW 
remains controversial; a dose-dependent response has been 
reported in patients with severe asthma requiring mechanical 
ventilation,27 but this relationship has not borne out in the 
general adult ICU population.4,5,28

Investigations of potential interventions to prevent 
CINM/ICUAW are relatively sparse. A recent Cochrane 
review identified only one successful intervention: intensive 
insulin therapy.21 Unfortunately, despite its protective effect 
on the development of CINM/ICUAW, intensive insulin 
therapy may increase mortality in critically ill patients.29 
Because prolonged immobilization and bedrest have been 

shown to accelerate muscle loss and exacerbate ICUAW, 
mobility therapy has emerged as a potential preventative 
measure.15,16,23

As survival from critical illness improves, and with pre-
ventative measures lacking, CINM and ICUAW present a 
grave public health problem. Herridge et al. studied long-
term outcomes of 109 survivors of acute respiratory distress 
syndrome from four Canadian hospitals and found signifi-
cant morbidity.6 The patients tended to be young (median 
age, 45 y) and critically ill (median Acute Physiology, Age, 
and Chronic Health Evaluation APACHE II score, 23), and 
had prolonged mechanical ventilation (median duration, 21 
days), ICU LOS (median duration, 25 days), and hospital 
LOS (median duration, 48 days). Lung function improved 
significantly during the first year after ICU discharge, with 
normalization of lung volumes and spirometry by 6 months, 
and improvement in carbon monoxide diffusion capacity to 
72% predicted at 12 months. However, “all patients reported 
poor function and attributed this to the loss of muscle bulk, 
proximal weakness, and fatigue.”6 One year after ICU dis-
charge, the median distance walked in 6 min was 66% of 
predicted. In a multivariate analysis of functional status (as 
determined by distance walked in 6 min), the use of any sys-
temic corticosteroid was the strongest predictor at 3 months. 
At 6 months, rapid resolution of lung injury and multiorgan 
dysfunction and absence of ICU-acquired illnesses became 
the most important determinants, whereas corticosteroid 
use was no longer statistically significant. Interestingly, at 12 
months, none of the variables remained statistically signifi-
cant, and the model did a poor job of explaining continued 
poor functional status (R2 = 0.10). Nonetheless, only 49% 
of survivors had returned to work 1 yr after ICU discharge.

At 5 yr after ICU discharge, all patients reported sub-
jective weakness and decreased exercise capacity compared 
with before ICU admission.7 Although there was no evi-
dence of clinical weakness on examination, the median dis-
tance walked in 6 min remained lower than expected based 
on age and sex (436 m, 76% predicted). Although 77% of 
patients had returned to work, patients often required a 
modified work schedule, gradual transition back to work, or 
job retraining. In addition, patients were plagued with the 
psychologic ramifications of their severe illness, with more 
than half of survivors experiencing at least one episode of 
physician-confirmed depression or anxiety. Furthermore, 
the utilization of health care was high, with average costs 
of $5,000–6,000 per patient per year after ICU discharge, 
significantly more than costs incurred by healthy workers.

Iwashyna et al. studied long-term functional disability 
and cognitive impairment among survivors of severe sepsis.30 
This prospective cohort study included 516 severe sepsis 
survivors and a control group of 4,517 survivors of a non-
sepsis hospitalization, all drawn from the Health and Retire-
ment study. The definition of severe sepsis was claims-based, 
requiring both an infection and new-onset organ dysfunction 
during a single hospitalization. All patients were older than 

Fig. 3. Pathophysiology of CINM/ICUAW. Adapted with per-
mission from Hermans et al. and John Wiley and Sons.21 
CINM = critical illness neuromyopathy; ICU = intensive care 
unit; ICUAW = ICU-acquired weakness; NMBA = neuromus-
cular blocking agent; ROS = reactive oxygen species.

Table 2.  Risk Factors Implicated in the Development of 
ICU-acquired Weakness

SIRS/sepsis
Multiorgan failure
Hyperglycemia
Renal replacement therapy
Catecholamine administration
Female sex
Duration of mechanical ventilation
Corticosteroids
Neuromuscular blocking agents

ICU = intensive care unit; SIRS = systemic inflammatory response 
syndrome.
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50 yr old, and the mean age of severe sepsis survivors was 
76.9 yr. Functional status and cognitive status were assessed 
via survey before and after the hospitalization, with follow-
up for up to 7.8 yr before hospitalization and 8.3 yr after-
ward. The survey assessed ability to independently complete 
activities of daily living and instrumental activities of daily 
living in order to determine functional status, and relied on 
tests of memory, serial seven subtractions, and naming in 
order to detect cognitive impairment. Among patients with 
no functional limitations at baseline, severe sepsis was associ-
ated with the development of 1.57 new limitations (95% CI: 
0.99–2.15), as well as a more rapid rate of development of 
functional limitations after hospitalization (0.51 new limita-
tions per year, P = 0.007 compared with baseline). The study 
also found that the incidence of severe sepsis was highly 
associated with progression to moderate to severe cogni-
tive impairment (OR: 3.34, 95% CI: 1.53–7.25), perhaps 
because of the effects of sepsis-induced inflammation and 
hypoperfusion on the brain. The effects of severe sepsis were 
similar regardless of the need for mechanical ventilation. 
Remarkably, the declines in physical function and cognitive 
function persisted for at least 8 yr.

Early Mobilization

Safety and Feasibility in Medical Patients
Given the prolonged morbidity and cost associated with 
CINM and ICUAW, identification and implementation 
of prevention strategies is of utmost importance. Among 
suggested prevention strategies is early physical therapy 
and mobilization of ICU patients. Despite longstanding 
knowledge of the evils of bedrest and the benefits of physical 
activity, early mobilization in the ICU did not emerge as a 
popular therapy until relatively recently.2,3,12

There are many perceived barriers to mobilization. First, 
ICU patients, perhaps by definition, have severe derange-
ments in physiologic equilibrium, causing healthcare provid-
ers to focus their attention on treatment of the organ systems 
that most threaten survival. Because of the gravity of their 
illnesses, critically ill patients are often deemed “too sick” 
to engage in physical activity, especially early in their ICU 
course.9 Furthermore, the use of sedation is often seen as a 
barrier to physical therapy as patients are often too somnolent 
to participate. In addition, ICU patients often have many 
indwelling lines and tubes, including endotracheal tubes, 
central venous catheters, arterial lines, bladder catheters, even 
left ventricular assist devices and extracorporeal membrane 
oxygenator (ECMO) cannulae, and the risk of dislodging 
this equipment increases with patient movement.31 The use of 
vasopressors and continuous renal replacement therapy have 
also been identified as barriers. Finally, ICU delirium may 
limit patient participation in therapy sessions.32

In order to address whether these perceived barriers pre-
clude early mobilization in the ICU, several studies have 
attempted to assess the safety and feasibility of physical 

activity in the critically ill (table 3).8,9,33 Bailey et al. performed 
a prospective cohort study of early activity in respiratory fail-
ure patients in an eight-bed respiratory ICU (RICU).9 The 
study included 103 RICU patients who required mechani-
cal ventilation for more than 4 days. A priori inclusion cri-
teria were ability to respond to verbal stimulus, fraction of 
inspired oxygen (FIO2) 0.60 or less, positive end-expiratory 
pressure 10 cm H2O or less, and absence of orthostatic hypo-
tension and catecholamine infusions. Patients who did not 
fully meet these criteria, however, were included if they were 
deemed otherwise ready for activity. Ninety-four percent of 
patients had been admitted to another ICU before transfer to 
the RICU, with a mean time to RICU admission of 10.5 ±  
9.9 days. The most common diagnosis was sepsis (41% of 
patients). Mean APACHE II score on admission to the RICU 
was 17 ± 4.8. Early activity was defined as starting at physio-
logic stabilization; activity events included sitting on the edge 
of the hospital bed without back support, sitting in a chair 
after transfer from bed, and ambulating, with the ultimate 
goal being to ambulate more than 100 feet before ICU dis-
charge. Feasibility and safety were assessed via six predefined 
activity-related adverse events (fall to knees, tube removal, 
systolic blood pressure more than 200 or less than 90 mmHg, 
oxygen saturation less than 80%, and extubation). During 
1,449 activity events, the incidence of adverse events was less 
than 1%, and there were no extubations. Sixty-nine percent 
of patients were able to ambulate more than 100 feet before 
RICU discharge. Thus, the authors concluded early activity 
to be safe and feasible in RICU patients.9

Of course, one criticism of the study by Bailey et al. is 
that patients admitted to a RICU are likely to be less severely 
ill (as evidenced by the relatively low APACHE II score on 
RICU admission), and that “early” activity in the RICU is, 
in fact, not early at all when the time to RICU admission 
is more than 10 days. More recently, Bourdin et al. com-
pleted a prospective observational study on the feasibility of 
early physical activity in the medical ICU at a single cen-
ter.33 Twenty consecutive ICU patients with ICU LOS of 
7 days or more and duration of mechanical ventilation of 
2 days or more were included in a rehabilitation program 
that included chair-sitting, tilting up, and walking. Median 
age was 68 (interquartile range IQR: 32–85), and Simpli-
fied Acute Physiology 2 score 42 (IQR: 22–75), predicting 
a mortality rate of 28%. The most common primary admit-
ting diagnosis was acute respiratory failure (75%), and 55% 
of patients had chronic respiratory disease. Activity sessions 
were performed daily unless the patient met predefined 
exclusion criteria, including altered mental status (agita-
tion, confusion), shock (systolic blood pressure less than 
90 mmHg or vasopressor requirement), respiratory failure 
(respiratory rate more than 35 breaths/min, Pao2 to FIO2 
ratio less than 200, Paco2 more than 50 mmHg, or pH less 
than 7.30), ongoing renal replacement therapy, and intrave-
nous sedation. Contraindications were present on 43% of 
days. Thirty-three percent of interventions were done during 
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Table 3.  Evidence for Early Mobilization in the ICU: Safety and Feasibility

Study Design Patient Population Intervention Primary Endpoint Major Findings

Bailey et al.9 Prospective cohort 
study

103 respiratory 
ICU patients 
at a single 
center requiring 
mechanical 
ventilation for 
more than 4 days.

Activity therapy (sitting on bed, 
sitting in chair, and ambulating)

Activity-related 
adverse event (fall 
to knees, tube 
removal, systolic 
blood pressure 
more than 200 or 
less than 90 mmHg, 
oxygen saturation 
less than 80%, 
extubation)

1,449 activity events were 
conducted. Incidence 
of adverse events was 
less than 1%, with no 
extubations.

Bourdin et al.33 Prospective 
observational 
study

20 medical ICU 
patients at a 
single center with 
ICU LOS 7 days 
or more, requiring 
mechanical 
ventilation for  2 
days or more

Rehabilitation program (chair-sitting, 
tilting-up, and walking)

Exercise-induced 
changes in vital 
signs and adverse 
events (drop in 
muscle tone, 
oxygen saturation 
less than 88% 
for more than 1 
min, unscheduled 
extubation, systolic 
blood pressure 
less than 80 mmHg 
while standing)

There were 424 activity 
sessions, with 33% 
during mechanical 
ventilation. Incidence of 
adverse events was 3%, 
with one unscheduled 
extubation.

Pohlman et al.8 Descriptive study of 
intervention arm 
of randomized 
controlled trial 
on early PT/OT

49 sedated patients 
in the medical ICU 
at two centers 
who had been 
on mechanical 
ventilation for less 
than 72 h and 
were expected 
to continue for at 
least another 24 h

Early exercise and mobilization 
(starting  
with active assisted range 
of motion exercises and 
progressing to bed mobility 
exercises, activities of daily living, 
transferring, and ambulating) 
during periods of daily sedation 
interruption

N/A PT/OT took place on 87% 
of days. One or more 
barriers to mobilization 
(acute lung injury, 
vasoactive medication 
administration, delirium, 
renal replacement therapy, 
of body mass index 30 or 
more kg/m2) were present 
in 89% of sessions. 
Adverse events (MAP less 
than 65, HR less than 40 
or more than 130, pulse 
oximetry less than 88%, 
ventilator dysynchrony, 
patient distress, new 
arrhythmia, concern for 
myocardial ischemia or 
airway device integrity, 
fall to knees, extubation) 
occurred in 16% of 
sessions and required 
cessation of therapy in 
4% of sessions, with no 
extubations.

Turner et al.38 Case series 3 patients (ages 16, 
20, 24) with end-
stage respiratory 
failure on ECMO 
awaiting lung 
transplantation

Active rehabilitation, physical 
therapy, and ambulation

N/A Patients were safely 
rehabilitated on ECMO. 
Following lung transplant, 
all patients were liberated 
from mechanical 
ventilation, ambulatory, 
and transferred out of the 
ICU in less than 1 week.

Garzon-Serrano et al.34 Prospective 
observational 
study

63 patients 
consecutively 
admitted to the 
surgical ICU at a 
single center

Mobilization therapy performed 
by nurses daily and by physical 
therapists when ordered by 
the ICU physician. Mobilization 
level was scored by provider 
performing therapy, from 0 to 4. 
(Phase 0, not mobilized because of 
contraindication; phase 1, passive 
range of motion and sitting in bed; 
phase 2, sitting on site of bed or 
transferring to chair via mechanical 
lift; phase 3, standing; phase 4, 
ambulating)

Mobilization level 
achieved by 
nurses vs. physical 
therapists

232 assessments 
performed, 179 included 
in final analysis. Physical 
therapists achieved 
a higher level of 
mobilization than nurses 
(mean mobilization level 
2.3 vs. 1.2, P <≪ 0.0001). 
There were no adverse 
events.

ECMO = extracorporeal membrane oxygenation; HR = heart rate; ICU = intensive care unit; LOS = length of stay; MAP = mean arterial 
pressure; N/A = not applicable; PT/OT = physical therapy/occupational therapy.
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mechanical ventilation. Walking was achieved during 11% 
of activity sessions. The incidence of adverse events was 3%, 
including one unscheduled extubation.33

Pohlman et al. published a descriptive study of early phys-
ical and occupational therapy (PT/OT) in 49 mechanically 
ventilated medical ICU patients at two tertiary care aca-
demic centers.8 In this cohort, the median age was 57.7 yr 
(IQR: 36.3–69.1) and median APACHE II score 20 (IQR: 
15.8–24). The most common primary admitting diagnosis 
was acute lung injury (55%), and 57% of patients were in 
septic shock. Patients were assessed daily for appropriate-
ness of physical and occupational therapy intervention; PT/
OT screen was coupled with daily sedation interruption. 
Patients passed the screen and were deemed eligible for PT/
OT if they did not have any of the following contraindi-
cations: mean arterial pressure less than 65 mmHg, heart 
rate less than 40 or more than 130 beats/min, respiratory 
rate less than 5 or more than 40 breaths/min, pulse oximetry 
less than 88%, evidence of increased intracranial pressure, 
active gastrointestinal blood loss, active myocardial isch-
emia, undergoing a procedure, severe agitation, or insecure 
airway. The median time from intubation to initiation of 
therapy was 1.5 days (IQR: 1.0–2.1). PT/OT took place on 
87% of total days, with ambulation occurring in 15% of 
sessions. One or more barriers to mobilization – acute lung 
injury, vasoactive medication administration, delirium, renal 
replacement therapy, or body mass index 30 kg/m2 or more –  
were present in 89% of sessions. Notably, FIO2 was 60% 
or more during 35% of sessions on mechanical ventilation, 
vasoactive drugs were infusing during 17% of sessions (with 
two or more pressors infusing during 14% of sessions), and 
continuous renal replacement therapy occurred during 9% 
of sessions. Delirium was present in 53% of sessions and 
may have restricted patients from participating in higher-
level activities such as ambulation.32 Minor adverse events 
were reported during 16% of sessions, including oxygen 
desaturation, increased heart rate, ventilator dysynchrony, 
and agitation, but required premature cessation of therapy in 
only 4% of sessions. No unplanned extubations occurred.8

Thus, early mobilization is feasible and appears to be safe 
in most medical ICU patients. Of course, the true safety of 
this intervention will only be understood when the prac-
tice of early mobilization has become widespread, and the 
number of patients engaging in activity is large enough to 
ascertain the incidence of rare but potentially catastrophic 
adverse events.

Safety and Feasibility in Surgical Patients
Surgical patients have unique considerations, including 
wound healing, pain, recent musculoskeletal trauma, weight-
bearing restrictions, and surgical drains. Literature on early 
mobilization in the surgical ICU is limited. Garzon-Serrano 
et al. performed a prospective observational study of early 
mobilization in the surgical ICU of a tertiary care academic 
center.34 Although the goal of the study was to compare 

the level of mobilization achieved in nurse-led versus physi-
cal therapist-led activity sessions, the study provides some 
insight into the safety and feasibility of early mobilization 
in surgical patients. Sixty-three consecutive patients admit-
ted to the surgical ICU were enrolled. The majority (64%) 
of patients were admitted after major surgery, including 
abdominal aortic aneurysm repair, pancreatectomy, esopha-
gectomy, and tracheal resection. Specific exclusion criteria 
were not specified in order to “avoid unwarranted limitation 
or withholding of mobility interventions”; however, inability 
to maintain adequate arterial blood pressure or target oxygen 
saturation were both considered contraindications. Patients 
were progressively mobilized, starting with passive range of 
motion in bed and progressing to sitting on the side of the 
bed, transferring to a chair, standing, and ambulating. A 
total of 179 mobilization therapy sessions were completed, 
beginning as early as surgical ICU day 1. Although physi-
cal therapists reported higher levels of mobilization than 
nurses, approximately 10% of nurse-led mobilization ses-
sions included ambulation. No adverse events were reported.

Additional data on the safety and feasibility of early 
mobilization in the surgical ICU comes from the burgeon-
ing literature on the intervention in the left ventricular assist 
device and ECMO populations. Indeed, a number of case 
reports have shown anecdotal evidence that physical therapy 
and mobilization can be safe even in patients with cardiac 
cachexia requiring left ventricular assist device implanta-
tion,35 as well as patients requiring ECMO as a bridge to 
lung transplantation.36-38 At our institution, we routinely 
mobilize ICU patients regardless of intubation status or 
ECMO requirement.

How or whether to mobilize patients in the trauma ICU 
is a more difficult question, as the data on this population is 
lacking, and such patients suffer from injuries that may limit 
or preclude mobilization. The literature on rehabilitation of 
patients not in the ICU after operative repair of traumatic 
hip fractures reveals that although early mobilization is seen 
as a priority,39 these patients often suffer from orthostatic 
intolerance, putting them at increased risk of fainting, falls, 
and damage to prostheses.40 How this translates to an ICU 
patient with polytrauma is unknown. In a recent review cit-
ing the safety and benefits of early mobilization in medi-
cal ICU patients, Banerjee et al. endorse early mobilization 
in the trauma ICU without providing specific recommen-
dations on patient selection or treatment plan.41 Similarly, 
Markandaya et al. recently published a treatment plan for 
patients with acute spinal cord injury, in which they rec-
ommended “early mobilization (with spinal column stabil-
ity ensured by operative fixation, external braces, or both), 
including frequent turning, out-of-bed to chair, and passive 
range of motion of the limbs,”42 even though there have been 
no studies of the intervention in this population.
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Outcomes
Several studies have assessed the impact of early mobiliza-
tion in the ICU on various outcome measures. One early 
study assessed whether passive stretching can decrease mus-
cle-wasting in critically ill patients.43 Five patients requiring 
neuromuscular blockade were enrolled. Each patient served 
as his or her own control: One leg of each patient received 
continuous passive motion, although the other leg received 
standard care. Although the amount of muscle-wasting was 
similar between limbs, there was decreased muscle fiber atro-
phy and protein loss in the limb receiving continuous passive 
motion, suggesting that passive stretching preserves muscle 
architecture.

In a retrospective analysis of 49 patients admitted to a 
ventilatory rehabilitation unit, all of whom were bedridden 
and had clinical evidence of severe weakness on admission, 
Martin et al. found that immediate initiation of a whole-
body rehabilitation program was associated with increases in 
upper and lower extremity strength.44 Furthermore, upper 
extremity strength on admission inversely correlated with 
time to wean from the ventilator (R2 = 0.54, P < 0.001). 
Eligibility criteria included respiratory and nonrespiratory 
medical stability, including tracheostomy for invasive venti-
lation, manageable secretions, FIO2 less than 50%, positive 
end-expiratory pressure less than 5 cm H2O, peripheral oxy-
gen saturation more than 92%, stable ventilator settings, no 
dyspnea, controlled sepsis, no uncontrolled hemorrhage, no 
uncontrolled arrhythmias or heart failure, and no coma. Of 
note, this study was limited by its retrospective nature and 
lack of a control group.

Needham et al. performed a prospective before/after 
quality-improvement study including 57 patients in a single 
medical ICU.45 The project involved creation of a multidis-
ciplinary team; hiring of one full-time physical therapist, 
one full-time occupational therapist, and one part-time 
rehabilitation assistant; establishing guidelines for eligibility 
for early mobilization and PT/OT consultation; encourag-
ing administration of sedating medications on an as-needed 
basis in lieu of continuous infusions; changing the standard 
ICU admission orders’ default activity level from “bed rest” 
to “as tolerated”; and increasing consultations to physiatry 
and neurology. Patients were considered eligible if they were 
not comatose, required only moderate respiratory support 
(defined as positive end-expiratory pressure of 10 or less and 
FIO2 of 60% or less), and had no increase in vasopressor 
requirements for at least 2 h before therapy. Although lim-
ited by its before/after design, this study did show that, after 
implementation of the intervention, the median number 
of rehabilitation treatments per patient increased (1 vs. 7, 
P < 0.002), whereas ICU and hospital LOS decreased (by 
2.1 day 95% CI: 0.4–3.8) and 3.1 day 95% CI: 0.3–5.9, 
respectively).

Morris et al. performed the first study assessing the effi-
cacy, cost, and benefits of early mobilization in the ICU.10 
This prospective cohort study included 330 medical ICU 

patients with acute respiratory failure requiring mechani-
cal ventilation. Exclusion criteria were extensive, including 
inability to walk without assistance before acute illness, 
nonverbal status at baseline, preadmission immunocom-
promised state, preexisting neuromuscular disease, acute 
stroke, body mass index more than 45 kg/m2, hip fracture, 
unstable cervical spine or pathologic fracture, mechanical 
ventilation more than 48 h before transfer from an outside 
facility, current hospitalization more than 72 h, cardiopul-
monary resuscitation at admission, do not resuscitate order 
at admission, hospitalization within 30 days of admission, 
therapy for cancer within 6 months of admission, and read-
mission to the ICU. Patients were assigned to a protocol of 
activity therapy within 48 h of mechanical ventilation or 
usual care via block allocation. There were no differences in 
baseline characteristics between groups; mean APACHE II 
scores were 21.6 and 23.5 in the usual care group and pro-
tocol group, respectively (P = 0.092). Furthermore, there 
was no difference in the number of patients with perceived 
barriers to mobility (e.g., arterial catheters, central venous 
catheters, neuromuscular blocking agents) between the two 
groups. The study found that the protocol patients were 
out of bed earlier (5 vs. 11 days, P ltequ 0.001) and had 
shorter ICU and hospital LOS (5.5 vs. 6.9 days, P = 0.025 
and 11.2 vs. 14.5 days, P = 0.006, respectively). There was 
no difference in cost between the two groups. A follow-up 
study assessed the mortality and hospital readmission status 
of the 280 patients in the original cohort who survived to 
hospital discharge.46 Forty-seven percent were readmitted or 
died within the first year after discharge. Multivariate logis-
tic regression was used to identify variables from the index 
hospitalization that predicted hospital readmission or death 
within 12 months of hospital discharge. Lack of early mobi-
lization in the ICU was one of four predictors identified 
(OR: 1.77, 95% CI: 1.04–3.01).

Additional studies, including two randomized controlled 
trials, have corroborated the benefit of early mobilization on 
ICU outcomes.11,45,47,48 In a randomized controlled trial of 
90 medical and surgical ICU patients, Burtin et al. compared 
respiratory physiotherapy, daily standardized mobility ses-
sions of the limbs, and 20 min per day of bedside ergometry 
with respiratory physiotherapy and daily standardized mobil-
ity sessions of the limbs alone.48 Patients were included only 
after ICU day 5, if they had expected ICU course of at least 
another 7 days. Exclusion criteria were as follows: leg, pelvis, 
or lumbar spine trauma or surgery; body mass index more 
than 35 kg/m2; open abdomen; serious bedsore or ulcers; 
body length less than 1.5 meters; preexisting neuromuscular 
weakness; acute stroke; status epilepticus; intracranial pres-
sure more than 20 mmHg; coagulation abnormalities; severe 
agitation or psychiatric disease; cardiopulmonary instability 
(defined as FIO2 more than 55%, Paco2 less than 65 torr, 
minute ventilation more than 150 ml/kg, respiratory rate 
more than 30, need for significant vasopressor support); and  
anticipated fatal outcome. Despite randomization, the 
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treatment group had a significantly longer ICU stay before 
inclusion as compared with the control group (mean 14 days vs.  
10 days, P < 0.05), a longer period of intravenous sedation 
(median 11 days vs. 8 days, P < 0.05), and a larger total 
dose of neuromuscular blocking agents (150 mg vs. 75 mg,  
P < 0.05). Other baseline characteristics were similar between 
the two groups, with mean APACHE II score on admission 
25 ± 4 in the control group and 26 ± 6 in the intervention 
group. At hospital discharge, 6-min walk distance was greater 
in the treatment group (29 vs. 25% predicted, P < 0.05), and 
there was a trend toward increased discharge to home in this 
group (74% vs. 66%, P > 0.05). Furthermore, patients in 
the treatment group reported a significantly higher feeling of 
subjective well-being. Weaning time, ICU LOS, and hospi-
tal LOS were similar in the two groups.

Schweickert et al. randomized 104 sedated ICU patients 
who had been on mechanical ventilation for less than 72 h  
and were expected to continue for at least another 24 h  
to early PT/OT during daily sedation interruptions or 
daily sedation interruption with activity as ordered by the 
primary team.11 Patients were excluded if they had rap-
idly progressive neuromuscular disease, cardiopulmonary 
arrest, 6-month mortality estimated to be more than 50%, 
increased intracranial pressure, or absent limbs. Baseline 
characteristics were similar between the two groups; median 
APACHE II score was 20.0 (IQR: 15.8–24.0) in the inter-
vention group and 19.0 (IQR: 13.3–23.0) in the control 
group. The most common primary diagnosis in both groups 
was acute lung injury. The primary outcome, return to 
independent functional status at hospital discharge, was 
observed in 59% of patients in the early activity group as 
compared with 35% of patients in the control group (P = 
0.02). Patients receiving the intervention also experienced 
less delirium (2.0 vs. 4.0 days with delirium, P = 0.03) and 
more ventilator free days (3.4 vs. 6.1, P = 0.02). There was 
a trend toward increased discharge to home in the interven-
tion group (43% vs. 24% patients discharged to home, P =  
0.06). There was no difference in the incidence of ICU-
acquired paresis at hospital discharge (31% vs. 49%, P = 
0.09), although the study was not powered to detect this 
outcome. ICU LOS, hospital LOS, and hospital mortality 
were similar in the two groups.

Based on the mounting evidence of the complications of 
prolonged immobility and the potential benefits of early activ-
ity in the critically ill, the European Respiratory Society and 
European Society of Intensive Care Medicine created a task 
force on physiotherapy for critically ill patients.49 This task 
force was convened before the publication of data from the 
randomized controlled trials of early mobilization; thus, most 
recommendations were levels C and D. They recommended 
that “mobilization and muscle training should be instituted 
early,” but noted that patients with hemodynamic instability or 
poor respiratory status are not candidates for aggressive mobi-
lization. For patients who cannot be actively mobilized, the 

task force recommended passive stretching, range of motion 
exercises, and/or neuromuscular electrical stimulation.

Table 4 summarizes the current evidence for use of early 
mobilization in the ICU.

Implementation
Implementation of early mobilization, as with other quality 
improvement projects, requires a structured approach and, 
often, a significant change in ICU culture. Translating evi-
dence into practice requires summarizing the evidence for 
the intervention (set forth in the section on early mobiliza-
tion, above), identifying organizational and cultural barriers 
to implementation, ensuring all appropriate patients receive 
the intervention, and measuring performance.50

Organizational and Cultural Barriers
Several organizational and cultural barriers specific to early 
mobilization must be acknowledged and managed. First, 
evidence suggests that the perceived barriers to mobilization 
and the level of activity achieved differs between nurses and 
physical therapists.34 Thus, a multidisciplinary mobilization 
team that draws on the expertise of various healthcare pro-
viders may improve protocol compliance and patient out-
comes. Furthermore, a national survey of acute care physical 
therapists revealed that 89% of hospitals require a physician 
consultation for initiation of physical therapy in the ICU, 
with established criteria for initiation of physical therapy in 
ICU patients present in only 10% of hospitals, and physi-
cal therapists automatically evaluating critically ill patients 
at only 1% of hospitals.51 Creation and implementation of 
guidelines for automatic physical therapist assessment and 
initiation of activity therapy would likely benefit an early 
mobilization program. Combining daily sedation holidays 
with physical therapy sessions is a feasible and effective 
option.11 Indeed, Thomsen et al. assessed patients before and 
after transfer to a RICU where early activity is a priority and 
found that the number of patients ambulating after 48 h in 
the RICU was 3-fold compared with pretransfer rates (P =  
0.019). Although the APACHE II scores of the patient 
cohort did improve during the study period, the improve-
ment was not enough to explain the significant improvement 
in activity. Thus, the authors concluded that the patients had 
been subject to “unnecessary immobilization” in ICUs where 
early mobilization is not embedded in the culture.

In addition, successful implementation requires address-
ing the issue of perceived cost and personnel needs. Although 
funding the intervention may be viewed as a barrier, imple-
mentation of a mobility team has not been associated with 
increased direct inpatient costs.10 In fact, given the decreased 
ICU and hospital LOS associated with early mobilization, 
this intervention may prove to be cost-saving.45
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Table 4.  Evidence for Early Mobilization in the ICU: Outcomes 

Study Design Patient Population Intervention Primary Endpoint Major Findings

Burtin et al.48 Randomized controlled 
trial

90 medical/surgical ICU 
patients at a single 
center with an ICU LOS 
of at least  
5 days and expected 
stay  
of at least another 7 
days

20 min per day of passive or active 
bedside ergometry in addition 
to respiratory physiotherapy 
and standardized passive or 
active motion of the limbs vs. 
physiotherapy and standardized 
passive or active motion of the 
limbs alone

6-min walk distance at 
hospital discharge

Bedside ergometry was 
associated with a longer 
6 min walk distance (29 
vs. 25% predicted, P <≪ 
0.05) and a trend toward 
increased discharge to 
home (17% vs. 10%). 
There was no difference in 
weaning time, ICU LOS, or 
hospital LOS.

Schweickert et al.11 Randomized 
controlled trial

104 sedated patients in 
the medical ICU at 
two centers who had 
been on mechanical 
ventilation for less 
than 72 h and were 
expected to continue 
for at least another 
24 h

Early exercise and mobilization 
(starting with active assisted 
range of motion exercises 
and progressing to bed 
mobility exercises, activities of 
daily living, transferring, and 
ambulating) during periods 
of daily sedation interruption 
vs. daily sedation interruption 
with therapy as ordered by the 
primary team

Number of patients 
returning to 
independent 
functional status at 
hospital discharge

Early exercise and 
mobilization was 
associated with increased 
return to independent 
functional status at 
hospital discharge, (59% 
vs. 35%, P = 0.02), less 
delirium (2.0 vs. 4.0 days 
with delirium, P = 0.03), 
more ventilator-free days 
(3.4 vs. 6.1, P = 0.02), and 
a trend toward increased 
discharge to home (43% 
vs. 24%, P = 0.06). ICU 
LOS, hospital LOS, and 
hospital mortality were 
similar in the two groups.

Morris et al.10 Prospective cohort 
study

330 medical ICU 
patients at a single 
center with acute 
respiratory failure 
requiring mechanical 
ventilation for less 
than 48 h

Mobilization by mobility team 
(nurse, nursing assistant, 
physical therapist) per 
mobility protocol (starting 
with passive range of motion 
and progressing to active 
resistance PT, sitting, and 
transferring) vs. usual care

Proportion of patients 
receiving physical 
therapy in patients 
surviving to 
hospital discharge

The mobility protocol was 
associated with more 
patients receiving at least 
one PT session (80% vs. 
47%, P ≤ 0.001), getting 
out of bed earlier (5 vs. 
11 days, P ≤ 0.001), and 
shorter ICU and hospital 
LOS (5.5 vs. 6.9 days, 
P = 0.025 and 11.2 vs. 
14.5 days, P = 0.006, 
respectively)

Needham et al.45 Prospective before/
after study

57 medical ICU 
patients at a single 
center mechanically 
ventilated for 4 days 
or more

Multifaceted intervention including 
creation of a multidisciplinary 
team; hiring of one full-time 
physical therapist, one full-time 
occupational therapist, and 
one part-time rehabilitation 
assistant; establishing 
guidelines for eligibility for 
early mobilization and PT/
OT consultation; encouraging 
administration of sedating 
medications on an as needed 
basis in lieu of continuous 
infusions; changing the 
standard ICU admission orders 
default activity level from “bed 
rest” to “as tolerated”; and 
increasing consultations to 
psychiatry and neurology

Rehabilitation 
treatments, 
functional mobility, 
and sedation and 
delirium status

The median number of 
rehabilitation treatments 
per patient increased 
(1 vs. 7, P <≪ 0.002), the 
proportion of treatments 
involving sitting or greater 
mobility increased (56% 
vs. 78%, P = 0.03), 
sedation requirements 
decreased (proportion of 
ICU days that patients 
received benzodiazepines, 
50% vs. 25%, P = 0.002), 
and incidence of delirium 
decreased (days not 
delirious 21% vs. 53%, P =  
0.003). ICU and hospital 
LOS decreased (by 2.1 
days 95% CI: 0.4–3.8) and 
3.1 days 95% CI: 0.3–5.9, 
respectively).

Martin et al.44 Retrospective analysis 49 previously bedridden 
chronic ventilator-
dependent patients 
referred to a single 
tertiary care hospital 
ventilator rehabilitation 
unit

Whole body rehabilitation program 
(starting with improving trunk 
control and posture, progressing 
to resistance exercises, 
ergometry, ambulation, and 
staircase exercises)

Ventilatory weaning, 
muscle strength,  
and functional  
status

The rehabilitation program 
was associated with 
improved motor strength in 
the upper and lower limbs 
(1.9 at admission vs. 3.6 at 
discharge for upper limbs,  
P ≪< 0.001, 1.5 vs. 2.7 for 
lower limbs, P <≪ 0.001), 
increased functional 
independence (1.0 vs. 3.0  
on 7-point functional 
independence measurement 
scale, P <≪ 0.001). Upper 
extremity strength on 
admission inversely 
correlated with time to wean 
from the ventilator (R2 = 0.54, 
P <≪ 0.001).

ICU = intensive care unit; LOS = length of stay; OT = occupational therapy; PT = physical therapy.
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Appropriate Patient Selection
Although the evidence suggests that early mobilization is 
safe and feasible in most ICU patients and may improve 
outcomes, the literature focuses primarily on medical ICU 
patients. Data on surgical and trauma ICU patients is lack-
ing. Case reports of mobilization, such as those published 
in the left ventricular assist device and ECMO populations, 
provide only anecdotal evidence of the safety of this inter-
vention in such patients. In addition, all of the studies on 
the safety, feasibility, and outcomes of early mobilization in 
the critically ill had exclusion criteria, many of them exten-
sive. Early mobilization may not be appropriate in patients 
with severe derangements or acute deteriorations in circula-
tory or respiratory status, neurologic injury, ongoing myo-
cardial ischemia, or severe agitation or delirium. Appropriate 
patient selection is required.

Measuring Performance
Using a metric for mobilization of ICU patients has several 
benefits. First, it allows providers to track patient progress 
throughout the ICU stay. As such, it could be utilized on 
rounds as an additional vital sign, providing practitioners 
with additional information on the patient’s clinical status at 
that time, and reminding providers to consider early mobi-
lization in every ICU patient. Second, the metric can be 
used in clinical research on early mobilization. And, finally, 
it may help in prognostication. However, no standardized 
metric for assessing mobility exists at this time. Kasotakis 
et al. developed the Surgical ICU Optimal Mobility Score, 
which consists of a “simple numeric scale that describes 
mobilization capacity of patients.”52 The score ranges from 0 
to 4, with 0 corresponding to no activity and 4 correspond-
ing to ambulation. The authors found that the Surgical ICU 
Optimal Mobility Score predicted mortality as well as ICU 
and hospital LOS, suggesting it can be used as a metric of 
severity of illness. Our center is in the process of defining 
and implementing a mobility score based on the maximal 
mobility performed by the patient each day.

Technological Advances and Future 
Directions
Technological advances may help facilitate delivery of early 
mobilization therapy in the ICU. A variety of technologies 
have been suggested for this purpose. First, portable medi-
cal equipment including cardiac monitors, pulse oximeters, 
infusions pumps, and mechanical ventilators are needed to 
allow patients to ambulate out of their ICU room. To facili-
tate patient ambulation, the Department of Biomedical Engi-
neering at The Johns Hopkins Hospital created the MOVER 
aid.53 The aid, whose name stands for “Moving Our patients 
for Very Early Rehabilitation,” includes a walker with a 
built-in emergency seat should the patient need to sit down 
during therapy and an equipment tower that holds moni-
toring equipment, intravenous fluids, medications, infusion 

pumps, a portable ventilator, and two oxygen cylinders. Use 
of this pump decreases the number of personnel required to 
administer ambulation therapy to a patient.

Bedside cycle ergometry allows for passive, active-assisted, 
or active exercise, and has been shown to be safe, feasible, 
and effective in the critically ill.48 Neuromuscular electrical 
stimulation (NMES) elicits muscle contraction via low-volt-
age electrical impulses delivered by skin electrodes.53 NMES 
reduces disuse atrophy in healthy adults and chronically ill 
patients. Studies of NMES in the critically ill have shown 
mixed results, with some studies showing improved muscle 
strength54,55 and decreased incidence of ICUAW,56 and oth-
ers showing no benefit.57,58 Additional studies on NMES are 
ongoing.59 The European Respiratory Society and European 
Society of Intensive Care Medicine Task Force on Physio-
therapy for Critically Ill Patients recommends NMES “in 
patients who are unable to move spontaneously and at high 
risk of musculoskeletal dysfunction,” although it is a level C 
recommendation.49

Recently, attention has turned to the use of video games, 
such as the Nintendo Wii (Nintendo, Kyoto, Japan), for 
mobilization and rehabilitation in the ICU. Video games 
can be played while sitting or standing, making them ver-
satile for use in the ICU population. Massie et al. recently 
reported the use of “Wiihab” in six ICU patients.60 Partici-
pation required use of major muscle groups, performance 
of fine movements, and mental effort. All patients showed 
evidence of increased physical effort (increased respiratory 
rate and heart rate). No adverse events were reported. Kho 
et al. published a case series of rehabilitation using the Wii 
in 22 medical ICU patients.61 In this series, a total of 42 
video game sessions took place, of which 69% occurred 
while standing and 45% while mechanically ventilated. The 
authors point out the potential advantages of video game 
therapy, including its short duration, low cost, and potential 
to help maintain patient interest and motivation. In their 
series, Kho et al. reported no safety events, although their CI 
was large. The risk of injury from Wii play is not negligible; 
case reports of recreational Wii play have described various 
fractures,62,63 tendinitis,64 and even a traumatic hemotho-
rax.65 Thus, further research is needed to delineate the safety 
of video game therapy in the ICU.

Other new technologies to increase implementation of 
early mobilization will likely arise, as electronic medical 
records and computerized order entry become more com-
monplace. Integration of mobility orders into the standard 
computerized ICU admission order set has already proven 
effective in increasing ICU patient activity.66

Nontechnological strategies to decrease ICUAW and 
improve early mobilization in the ICU are also being inves-
tigated. For instance, family participation in care of the criti-
cally ill may improve the family experience and benefit the 
patient.67 A survey of ICU staff and family perceptions of 
family participation in care found that 100% of ICU physi-
cians and 90% of nurses supported the idea, and 97% of 
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families were willing to participate.68 Seventy-seven percent 
of families viewed participation in helping staff change the 
patient’s position in bed or transfer to a chair positively. How-
ever, only 13.8% of families participated in a care activity 
spontaneously. With appropriate training and supervision, 
families may be able to participate in early mobilization –  
assisting with position changes, transfers, and range of 
motion exercises – and significantly increase the amount of 
therapy provided each day.

Finally, development of drugs to target muscle-signaling 
pathways that mediate atrophy and hypertrophy is under-
way.14 Initially, growth hormone was thought to be promis-
ing in this regard, but it was shown in a large randomized 
clinical trial to increase mortality in the critically ill.69 Tes-
tosterone is another possibility, although there are concerns 
about related thrombogenesis and carcinogenesis. Novel 
approaches include inhibition of the muscle-specific ubiq-
uitin ligases MURF-1 and atrogin-1 that normally promote 
atrophy, and activation of the hypertrophy pathway via 
IGF-1 and phosphoinositide 3-kinase.14,70 Further evalua-
tion of these targets is needed.

Conclusion
As survival from critical illness improves, there is increased 
appreciation for the sequelae of prolonged intensive care. 
Bedrest during critical illness can no longer be considered a 
benign intervention, as it is associated with catabolism, atro-
phy, and ICU-acquired weakness. Neuromuscular weakness 
is commonplace in the ICU and can persist for years after 
discharge. Early mobilization is a safe and feasible interven-
tion for many critically ill patients, and is associated with 
improved outcomes. Initiation of an early mobilization pro-
gram requires culture change and technology may be helpful 
in increasing compliance. Further research on early mobili-
zation in the ICU and potential drug targets is warranted.

References
	 1.	 Allen C, Glasziou P, Del Mar C: Bed rest: A potentially harm-

ful treatment needing more careful evaluation. Lancet 1999; 
354:1229–33

	 2.	 Dock W: The evil sequelae of complete bed rest. JAMA 1944; 
1083–85

	 3.	 Powers J: The abuse of rest as a therapeutic measure in sur-
gery. JAMA 125:1079–83

	 4.	 De Jonghe B, Sharshar T, Lefaucheur JP, Authier FJ, Durand-
Zaleski I, Boussarsar M, Cerf C, Renaud E, Mesrati F, Carlet J,  
Raphal JC, Outin H, Bastuji-Garin S, Groupe de Réflexion 
et d’Etude des Neuromyopathies en Réanimation: Paresis 
acquired in the intensive care unit: A prospective multicenter 
study. JAMA 2002; 288:2859-67

	 5.	 Stevens RD, Dowdy DW, Michaels RK, Mendez-Tellez PA, 
Pronovost PJ, Needham DM: Neuromuscular dysfunction 
acquired in critical illness: A systematic review. Intensive 
Care Med 2007; 33:1876–91

	 6.	 Herridge MS, Cheung AM, Tansey CM, Matte-Martyn A, Diaz-
Granados N, Al-Saidi F, Cooper AB, Guest CB, Mazer CD, 
Mehta S, Stewart TE, Barr A, Cook D, Slutsky AS, Canadian 
Critical Care Trials Group: One-year outcomes in survivors of 
the acute respiratory distress syndrome. N Engl J Med 2003; 
348:683-93

	 7.	 Herridge MS, Tansey CM, Matté A, Tomlinson G, Diaz-
Granados N, Cooper A, Guest CB, Mazer CD, Mehta S, 
Stewart TE, Kudlow P, Cook D, Slutsky AS, Cheung AM, 
Canadian Critical Care Trials Group: Functional disability 5 
years after acute respiratory distress syndrome. N Engl J Med 
2011; 364:1293-304

	 8.	 Pohlman MC, Schweickert WD, Pohlman AS, Nigos C, Pawlik AJ,  
Esbrook CL, Spears L, Miller M, Franczyk M, Deprizio D, 
Schmidt GA, Bowman A, Barr R, McCallister K, Hall JB, Kress JP:  
Feasibility of physical and occupational therapy beginning 
from initiation of mechanical ventilation. Crit Care Med 2010; 
38:2089–94

	 9.	 Bailey P, Thomsen GE, Spuhler VJ, Blair R, Jewkes J, Bezdjian 
L, Veale K, Rodriquez L, Hopkins RO: Early activity is feasible 
and safe in respiratory failure patients. Crit Care Med 2007; 
35:139–45

	10.	 Morris PE, Goad A, Thompson C, Taylor K, Harry B, Passmore L,  
Ross A, Anderson L, Baker S, Sanchez M, Penley L, Howard 
A, Dixon L, Leach S, Small R, Hite RD, Haponik E: Early 
intensive care unit mobility therapy in the treatment of acute 
respiratory failure. Crit Care Med 2008; 36:2238–43

	11.	 Schweickert WD, Pohlman MC, Pohlman AS, Nigos C, Pawlik AJ,  
Esbrook CL, Spears L, Miller M, Franczyk M, Deprizio D, 
Schmidt GA, Bowman A, Barr R, McCallister KE, Hall JB, 
Kress JP: Early physical and occupational therapy in mechan-
ically ventilated, critically ill patients: A randomised con-
trolled trial. Lancet 2009; 373:1874–82

	12.	 Harrison TR: Abuse of rest as a therapeutic measure for 
patients with cardiovascular disease. JAMA 1944; 125:1075–77

	13.	 Chambers MA, Moylan JS, Reid MB: Physical inactivity and 
muscle weakness in the critically ill. Crit Care Med 2009; 
37:S337–46

	14.	 Puthucheary Z, Harridge S, Hart N: Skeletal muscle dysfunc-
tion in critical care: Wasting, weakness, and rehabilitation 
strategies. Crit Care Med 2010; 38:S676–82

	15.	 Paddon-Jones D, Sheffield-Moore M, Urban RJ, Sanford AP, 
Aarsland A, Wolfe RR, Ferrando AA: Essential amino acid and 
carbohydrate supplementation ameliorates muscle protein 
loss in humans during 28 days bedrest. J Clin Endocrinol 
Metab 2004; 89:4351–8

	16.	 Paddon-Jones D, Sheffield-Moore M, Cree MG, Hewlings SJ, 
Aarsland A, Wolfe RR, Ferrando AA: Atrophy and impaired 
muscle protein synthesis during prolonged inactivity and 
stress. J Clin Endocrinol Metab 2006; 91:4836–41

	17.	 Tennilä A, Salmi T, Pettilä V, Roine RO, Varpula T, Takkunen O:  
Early signs of critical illness polyneuropathy in ICU patients 
with systemic inflammatory response syndrome or sepsis. 
Intensive Care Med 2000; 26:1360–3

	18.	 Levine S, Nguyen T, Taylor N, Friscia ME, Budak MT, 
Rothenberg P, Zhu J, Sachdeva R, Sonnad S, Kaiser LR, 
Rubinstein NA, Powers SK, Shrager JB: Rapid disuse atrophy 
of diaphragm fibers in mechanically ventilated humans. N 
Engl J Med 2008; 358:1327–35

	19.	 Maramattom BV, Wijdicks EF: Acute neuromuscular weakness 
in the intensive care unit. Crit Care Med 2006; 34:2835–41

	20.	 Zink W, Kollmar R, Schwab S: Critical illness polyneuropa-
thy and myopathy in the intensive care unit. Nat Rev Neurol 
2009; 5:372–9

	21.	 Hermans G, De Jonghe B, Bruyninckx F, Van den Berghe G: 
Interventions for preventing critical illness polyneuropathy 
and critical illness myopathy. Cochrane Database Syst Rev 
2009; (1):CD006832

	22.	 Hermans G, De Jonghe B, Bruyninckx F, Van den Berghe G: 
Clinical review: Critical illness polyneuropathy and myopa-
thy. Crit Care 2008; 12:238

	23.	 de Jonghe B, Lacherade JC, Sharshar T, Outin H: Intensive 
care unit-acquired weakness: Risk factors and prevention. 
Crit Care Med 2009; 37:S309–15

	24.	 Ali NA, O’Brien JM, Jr, Hoffmann SP, Phillips G, Garland 
A, Finley JC, Almoosa K, Hejal R, Wolf KM, Lemeshow S, 

<iAnnotate iPad User>
Highlight



Anesthesiology 2013; 118:202-15	 214	 A. K. M. Lipshutz and M. A. Gropper

Early Mobilization

Connors AF Jr., Marsh CB, Midwest Critical Care Consortium: 
Acquired weakness, handgrip strength, and mortality in criti-
cally ill patients. Am J Respir Crit Care Med 2008; 178:261-8

	25.	 Owczarek J, Jasińska M, Orszulak-Michalak D: Drug-induced 
myopathies. An overview of the possible mechanisms. 
Pharmacol Rep 2005; 57:23–34

	26.	 Hermans G, Wilmer A, Meersseman W, Milants I, Wouters PJ,  
Bobbaers H, Bruyninckx F, Van den Berghe G: Impact of 
intensive insulin therapy on neuromuscular complications 
and ventilator dependency in the medical intensive care unit. 
Am J Respir Crit Care Med 2007; 175:480–9

	27.	 Behbehani NA, Al-Mane F, D’yachkova Y, Paré P, FitzGerald JM:  
Myopathy following mechanical ventilation for acute severe 
asthma: The role of muscle relaxants and corticosteroids. 
Chest 1999; 115:1627–31

	28.	 Papazian L, Forel JM, Gacouin A, Penot-Ragon C, Perrin G,  
Loundou A, Jaber S, Arnal JM, Perez D, Seghboyan JM, 
Constantin JM, Courant P, Lefrant JY, Guérin C, Prat G, 
Morange S, Roch A, ACURASYS Study Investigators: 
Neuromuscular blockers in early acute respiratory distress 
syndrome. N Engl J Med 2010; 363:1107–16

	29.	 NICE-SUGAR Study Investigators, Finfer S, Chittock DR, 
Su SY, Blair D, Foster D, Dhingra V, Bellomo R, Cook D, 
Dodek P, Henderson WR, Hébert PC, Heritier S, Heyland DK, 
McArthur C, McDonald E, Mitchell I, Myburgh JA, Norton R, 
Potter J, Robinson BG, Ronco JJ: Intensive versus conven-
tional glucose control in critically ill patients. N Engl J Med 
2009; 360:1283–97

	30.	 Iwashyna TJ, Ely EW, Smith DM, Langa KM: Long-term cogni-
tive impairment and functional disability among survivors of 
severe sepsis. JAMA 2010; 304:1787–94

	31.	 Stiller K: Safety issues that should be considered when mobi-
lizing critically ill patients. Crit Care Clin 2007; 23:35–53

	32.	 Fan E: What is stopping us from early mobility in the inten-
sive care unit? Crit Care Med 2010; 38:2254–5

	33.	 Bourdin G, Barbier J, Burle JF, Durante G, Passant S, Vincent B,  
Badet M, Bayle F, Richard JC, Guérin C: The feasibility of 
early physical activity in intensive care unit patients: A pro-
spective observational one-center study. Respir Care 2010; 
55:400–7

	34.	 Garzon-Serrano J, Ryan C, Waak K, Hirschberg R, Tully S, 
Bittner EA, Chipman DW, Schmidt U, Kasotakis G, Benjamin J,  
Zafonte R, Eikermann M: Early mobilization in critically ill 
patients: Patients’ mobilization level depends on health care 
provider’s profession. PM R 2011; 3:307–13

	35.	 Perme CS, Southard RE, Joyce DL, Noon GP, Loebe M: Early 
mobilization of LVAD recipients who require prolonged 
mechanical ventilation. Tex Heart Inst J 2006; 33:130–3

	36.	 Garcia JP, Iacono A, Kon ZN, Griffith BP: Ambulatory extra-
corporeal membrane oxygenation: A new approach for 
bridge-to-lung transplantation. J Thorac Cardiovasc Surg 
2010; 139:e137–9

	37.	 Mangi AA, Mason DP, Yun JJ, Murthy SC, Pettersson GB: 
Bridge to lung transplantation using short-term ambulatory 
extracorporeal membrane oxygenation. J Thorac Cardiovasc 
Surg 2010; 140:713–5

	38.	 Turner DA, Cheifetz IM, Rehder KJ, Williford WL, Bonadonna D,  
Banuelos SJ, Peterson-Carmichael S, Lin SS, Davis RD, Zaas 
D: Active rehabilitation and physical therapy during extra-
corporeal membrane oxygenation while awaiting lung 
transplantation: A practical approach. Crit Care Med 2011; 
39:2593–8

	39.	 Thomas S, Mackintosh S, Halbert J: Determining current 
physical therapist management of hip fracture in an acute 
care hospital and physical therapists’ rationale for this man-
agement. Phys Ther 2011; 91:1490–502

	40.	 Jans Ø, Bundgaard-Nielsen M, Solgaard S, Johansson PI, 
Kehlet H: Orthostatic intolerance during early mobiliza-
tion after fast-track hip arthroplasty. Br J Anaesth 2012; 
108:436–43

	41.	 Banerjee A, Girard TD, Pandharipande P: The complex inter-
play between delirium, sedation, and early mobility during 
critical illness: Applications in the trauma unit. Curr Opin 
Anaesthesiol 2011; 24:195–201

	42.	 Markandaya M, Stein DM, Menaker J: Acute treatment 
options for spinal cord injury. Curr Treat Options Neurol 
2012; 14:175–87

	43.	 Griffiths RD, Palmer TE, Helliwell T, MacLennan P, MacMillan 
RR: Effect of passive stretching on the wasting of muscle in 
the critically ill. Nutrition 1995; 11:428–32

	44.	 Martin UJ, Hincapie L, Nimchuk M, Gaughan J, Criner GJ: 
Impact of whole-body rehabilitation in patients receiv-
ing chronic mechanical ventilation. Crit Care Med 2005; 
33:2259–65

	45.	 Needham DM, Korupolu R, Zanni JM, Pradhan P, Colantuoni E,  
Palmer JB, Brower RG, Fan E: Early physical medicine and 
rehabilitation for patients with acute respiratory failure: A 
quality improvement project. Arch Phys Med Rehabil 2010; 
91:536–42

	46.	 Morris PE, Griffin L, Berry M, Thompson C, Hite RD, 
Winkelman C, Hopkins RO, Ross A, Dixon L, Leach S, 
Haponik E: Receiving early mobility during an intensive care 
unit admission is a predictor of improved outcomes in acute 
respiratory failure. Am J Med Sci 2011; 341:373–7

	47.	 Needham DM: Mobilizing patients in the intensive care unit: 
Improving neuromuscular weakness and physical function. 
JAMA 2008; 300:1685–90

	48.	 Burtin C, Clerckx B, Robbeets C, Ferdinande P, Langer D, 
Troosters T, Hermans G, Decramer M, Gosselink R: Early 
exercise in critically ill patients enhances short-term func-
tional recovery. Crit Care Med 2009; 37:2499–505

	49.	 Gosselink R, Bott J, Johnson M, Dean E, Nava S, Norrenberg M,  
Schönhofer B, Stiller K, van de Leur H, Vincent JL: 
Physiotherapy for adult patients with critical illness: 
Recommendations of the European Respiratory Society and 
European Society of Intensive Care Medicine Task Force on 
Physiotherapy for Critically Ill Patients. Intensive Care Med 
2008; 34:1188–99

	50.	 Pronovost PJ, Berenholtz SM, Needham DM: Translating evi-
dence into practice: A model for large scale knowledge trans-
lation. BMJ 2008; 337:a1714

	51.	 Hodgin KE, Nordon-Craft A, McFann KK, Mealer ML, Moss M:  
Physical therapy utilization in intensive care units: Results 
from a national survey. Crit Care Med 2009; 37:561–6

	52.	 Kasotakis G, Schmidt U, Perry D, Grosse-Sundrup M, 
Benjamin J, Ryan C, Tully S, Hirschberg R, Waak K, Velmahos 
G, Bittner EA, Zafonte R, Cobb JP, Eikermann M: The surgical 
intensive care unit optimal mobility score predicts mortality 
and length of stay. Crit Care Med 2012; 40:1122–8

	53.	 Needham DM, Truong AD, Fan E: Technology to enhance 
physical rehabilitation of critically ill patients. Crit Care Med 
2009; 37:S436–41

	54.	 Zanotti E, Felicetti G, Maini M, Fracchia C: Peripheral muscle 
strength training in bed-bound patients with COPD receiving 
mechanical ventilation: Effect of electrical stimulation. Chest 
2003; 124:292–6

	55.	 Rodriguez PO, Setten M, Maskin LP, Bonelli I, Vidomlansky SR,  
Attie S, Frosiani SL, Kozima S, Valentini R: Muscle weakness 
in septic patients requiring mechanical ventilation: Protective 
effect of transcutaneous neuromuscular electrical stimula-
tion. J Crit Care 2012; 27:319.e1–e8

	56.	 Routsi C, Gerovasili V, Vasileiadis I, Karatzanos E, Pitsolis T, 
Tripodaki E, Markaki V, Zervakis D, Nanas S: Electrical mus-
cle stimulation prevents critical illness polyneuromyopathy: A 
randomized parallel intervention trial. Crit Care 2010; 14:R74

	57.	 Gruther W, Zorn C, Paternostro-Sluga T, Quittan M, Spiss C, 
Kainberger F, Crevenna R: Effects of neuromuscular electrical 
stimulation on muscle layer thickness of knee extensor mus-
cles in intensive care unit patients: A pilot study. J Rehabil 
Med 2010; 42:593–7



Anesthesiology 2013; 118:202-15	 215	 A. K. M. Lipshutz and M. A. Gropper

EDUCATION

	58.	 Poulsen JB, Møller K, Jensen CV, Weisdorf S, Kehlet H, Perner A:  
Effect of transcutaneous electrical muscle stimulation on 
muscle volume in patients with septic shock. Crit Care Med 
2011; 39:456–61

	59.	 Kho ME, Truong AD, Brower RG, Palmer JB, Fan E, Zanni 
JM, Ciesla ND, Feldman DR, Korupolu R, Needham DM: 
Neuromuscular electrical stimulation for intensive care unit-
acquired weakness: Protocol and methodological implica-
tions for a randomized, sham-controlled, phase II trial. Phys 
Ther 2012; Epub ahead of print

	60.	 Massie K, O’Keefe L, Stott SA: Wiihab in intensive care. 
Anaesthesia 2010; 65:750–1

	61.	 Kho ME, Damluji A, Zanni JM, Needham DM: Feasibility and 
observed safety of interactive video games for physical reha-
bilitation in the intensive care unit: A case series. J Crit Care 
2012; 27:219.e1–e6

	62.	 Eley KA: A Wii fracture. N Engl J Med 2010; 362:473–4
	63.	 Robinson RJ, Barron DA, Grainger AJ, Venkatesh R: Wii knee. 

Emerg Radiol 2008; 15:255–7
	64.	 Bonis J: Acute Wiiitis. N Engl J Med 2007; 356:2431–2
	65.	 Peek AC, Ibrahim T, Abunasra H, Waller D, Natarajan R: 

White-out from a Wii: Traumatic haemothorax sustained 
playing Nintendo Wii. Ann R Coll Surg Engl 2008; 90:W9–10

	66.	 Hildreth AN, Enniss T, Martin RS, Miller PR, Mitten-Long 
D, Gasaway J, Ebert F, Butcher W, Browder K, Chang 
MC, Hoth JJ, Mowery NT, Meredith JW: Surgical inten-
sive care unit mobility is increased after institution of a 

computerized mobility order set and intensive care unit mobil-
ity protocol: A prospective cohort analysis. Am Surg 2010; 76: 
818–22

	67.	 Azoulay E, Pochard F, Chevret S, Arich C, Brivet F, Brun F, 
Charles PE, Desmettre T, Dubois D, Galliot R, Garrouste-
Orgeas M, Goldgran-Toledano D, Herbecq P, Joly LM, 
Jourdain M, Kaidomar M, Lepape A, Letellier N, Marie O, 
Page B, Parrot A, Rodie-Talbere PA, Sermet A, Tenaillon A,  
Thuong M, Tulasne P, Le Gall JR, Schlemmer B, French 
Famirea Group: Family participation in care to the critically 
ill: Opinions of families and staff. Intensive Care Med 2003; 
29:1498-504

	68.	 Garrouste-Orgeas M, Willems V, Timsit JF, Diaw F, Brochon S,  
Vesin A, Philippart F, Tabah A, Coquet I, Bruel C, Moulard 
ML, Carlet J, Misset B: Opinions of families, staff, and patients 
about family participation in care in intensive care units. J 
Crit Care 2010; 25:634–40

	69.	 Takala J, Ruokonen E, Webster NR, Nielsen MS, Zandstra 
DF, Vundelinckx G, Hinds CJ: Increased mortality associated 
with growth hormone treatment in critically ill adults. N Engl 
J Med 1999; 341:785–92

	70.	 Files DC, D’Alessio FR, Johnston LF, Kesari P, Aggarwal NR, 
Garibaldi BT, Mock JR, Simmers JL, DeGorordo A, Murdoch J,  
Willis MS, Patterson C, Tankersley CG, Messi ML, Liu C, 
Delbono O, Furlow JD, Bodine SC, Cohn RD, King LS, Crow MT:  
A critical role for muscle ring finger-1 in acute lung injury-
associated skeletal muscle wasting. Am J Respir Crit Care 
Med 2012; 185:825–34


