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ICU-Acquired Weakness



ICU-Acquired Weakness

• Definition
• clinical signs of weakness that develop after the onset of critical illness

• Incidence

• 43% in critically ill adult patients over 31 studies 
• ATS committee on ICUAW in adults, 2014

• Diaphragm dysfunction may develop more often than limb muscle weakness



Diagnosis of ICU-Acquired Weakness

Criteria for diagnosis : 1,2,3, or 4,5

1) Generalized weakness developing after onset of critical illness

2) Weakness is diffuse involving both proximal and distal muscles, symmetric, flaccid and 
generally spares cranial nerves

3) MRC sum < 48, or mean MRC score < 4 in all testable muscle groups noted on ≥ 2 occasions 
separated by > 24 hrs

4) Dependence on mechanical ventilation

5) Causes of weakness not related to underlying critical illness have been excluded

Crit Care Med 2009 Vol. 37, No. 10



MRC-sum score

Right Left Sum

arm abduction 3 3

forearm flexion 4 4

wrist extension 4 4 22

leg flexion 3 3

knee extension 4 4

ankle dorsiflexion 4 4 22

Sum

Total MRC score 44

Example

MRC below 48/60 : ICUAW or significant weakness 
MRC below 36/48 : severe weakness



Diagnosis of ICU-Acquired Weakness

• Using Hand-held dynamometry

• Handgrip strength weakness< 11 kg for men, 7 kg for women

Intensive Care Med (2020) 46:637–653



ICU-Acquired Weakness (ICUAW)

Two main group

ICUAW with electrophysiologic and 
histopathologic finding

ICUAW with normal diagnostic 
studies 

* Critical illness polyneuropathy, CIP * Muscle deconditioning 
→ Normal NCV, CMAP, no ASA

* Critical illness myopathy, CIM

Acute Medicine & Surgery 2019; 6: 233–246



Muscle deconditioning

• pronounced loss of muscle mass, that can exceed 10% over the 1st week in ICU 
ass. With functional impairment

JAMA. 2013;310(15):1591-1600



• muscle cross-section decrease of 16.5% in 2 weeks (n = 14) in ICU patients

• Decrease started in the first week after admission to the ICU and continued for at 
least 4 weeks of bedriddenness

• decrease in muscle cross-section of the arms is greater than the decrease of the 
legs

Am J Phys Med Rehabil 2017;96:634–638



Diaphragm weakness in ICU

• Respiratory muscle weakness 
• twice as prevalent as limb muscle weakness in ICU patients
• occurs earlier and is much more profound than limb muscle atrophy

• Diaphragm atrophy is considerably more rapid with 50% patients losing a median 20% of diaphragm thickness 
by day 3 or 4 of MV

• Quadriceps thickness decreased by about 10% after 1 week of MV

• Associated with
• Higher risk of extubation failure

• Longer duration of ventilator dependency

• Worse mortality

• MIP < 30 cmH2O at extubation
• extubation failure, independently associated with 1 yr mortality (HR 4.41)



ICUAW, mortality

• recognized independent predictor of mortality 

• Significantly worse handgrip strength

• worse physical functioning health-related QOL

• 30% lower likelihood of being alive at hospital discharge

• increased odds of death associated with ICUAW independent of other ICU 
factors



Post ICU survival, 1yr, 5 yr

Intensive Care Med (2020) 46:637–653



Evaluations



Evaluation

• Functional score
• Physical Function in Intensive care Test scored (PFIT-s)
• Functional Status Score for the ICU (FSS-ICU)
• ICU mobility scale (IMS)
• Chelsea Critical Care Physical Assessment tool (CPAx)
• Short Physical Performance Battery (SPPB)
• When?

• awakening/ICU discharge/hospital discharge/follow up

• Severity of illness
• Acute Physiology and Chronic Health Evaluation (APACHE) II 

• Sedation and delirium status
• Richmond Agitation-Sedation Scale (RASS)
• Confusion Assessment Method for the ICU (CAM-ICU)



Richmond Agitation-Sedation Scale (RASS)

If not alert, state 
patient’s name and say to 

open eyes and look at 
speaker.

shaking shoulder and/or 
rubbing sternum



Confusion Assessment Method for the ICU (CAM-ICU)
http://www.icudelirium.org/delirium/monitoring.html



http://www.icudelirium.org/delirium/languages.html



http://www.icudelirium.org/delirium/languages.html

http://www.icudelirium.org/delirium/monitoring.html
http://www.icudelirium.org/delirium/monitoring.html


http://www.icudelirium.org/delirium/languages.html



Functional Status Score for the ICU (FSS-ICU)

• five functional tasks 8 point scale from 0 (not able to perform) to 7 
(complete independence)

• Total score ranges from 0 to 35, higher scores indicating better physical 
functioning

• Minimum important difference of 2.0-5.0

functional tasks 

rolling

transfer from supine to sit

sitting at the edge of bed

transfer from sit to stand

walking





ICU mobility scale

• measuring the maximum level of mobility of adult patients in the ICU

• advantage : more levels of mobilization, level of assistance required for 
ambulation 

HEART & LUNG.2014(43):19-24



Rehabilitation in ICU



Safety screening

• Most patients receiving mechanical ventilation 

• Prior to participation

1. physiologic and hemodynamic stability 

2. adequate ventilation

3. interruption of sedation

4. management of delirium



Screening

• Exclusion criteria
• MAP <65 mm Hg or >110 mm Hg
• SBP >200 mm Hg
• HR <40/min or >130/min
• RR <5/min or >40/min
• SpO2 < 88%

• Additional exclusion
• Raised intracranial pressure
• active GI blood loss
• active myocardial ischaemia
• continuing procedures including 

intermittent haemodialysis (but 
not including continuous ultrafi 
ltration or haemo dialysis)

• patient agitation that needed 
increased sedative administration 
in the past 30 min

• unsecure airway

Lancet 2009; 373: 1874–82



Safety issue

• Early mobilization and physical rehabilitation of critically ill patients appears to be safe, with a low 
risk of potential safety events.

• Safety events that resulted in additional consequences for patient management were very rare.

Ann Am Thorac Soc Vol 14, No 5, pp 766–777, May 2017

• 7546 critically ill patients and 22,351 rehabilitation sessions
• 583 safety events- cumulative incidence of 2.6%



Withhold mobility intervention

• When decline in hemodynamic or ventilatory status occurs,
• hypoxia with frequent desaturations below 88%
• hypotension (mean arterial pressure 65 mm Hg), 
• administration of a new pressor agent
• new documented myocardial infarction by electrocardiogram and enzyme 

changes
• dysrhythmia requiring the addition of a new antiarrhythmic agent, 
• increase in the positive end-expiratory pressure on the ventilator
• change to assist control mode once in a weaning mode

• Once withheld → re-evaluation next day

Crit Care Med 2008; 36:2238–2243



Lancet 2009; 373: 1874–82

Functional independence



Effect of Early Mobilization

• Fourteen studies, a total of 1753 patients, 2017

• greater muscle strength (body function) at ICU discharge as measured using the Medical Research 
Council Sum Score (mean difference 8.62 points, 95% confidence interval (CI) 1.39–15.86)

• greater probability of walking without assistance (activity limitation) at hospital discharge (odds 
ratio 2.13, 95% CI 1.19–3.83)

• more days alive and out of hospital to day 180 (participation restriction) (mean difference 9.69, 
95% CI 1.7–17.66)

• no impact on short- or long-term mortality (p > 0.05)

• no consistent effects on function, quality of life, ICU or hospital length of stay, duration of 
mechanical ventilation or discharge

Intensive Care Med (2017) 43:171–183



Effect of Early Mobilization

• 23 RCTs, 2308 patients, systematic review and meta-analysis, 2019

• Decrease incidence of ICUAW at hospital discharge

• Increase number of patients who can stand

• Increase number of ventilator free days during hospitalization

• Increase distance of walking unassisted at discharge

• Increase discharged to home rate

• Not significant adverse events increase

Plos one, october 3, 2019



Treatment of respiratory muscle weakness

• Diaphragm-protective mechanical ventilation
• Optimizing load on the diaphragm (not too little and not too much) might 

prevent diaphragm injury and accelerate liberation from MV



Treatment of respiratory muscle weakness

• Respiratory muscle rehabilitation and inspiratory muscle training

• Inspiratory muscle training
• Transiently increased inspiratory load to respiratory muscles using flow resistance or 

threshold loading

• Require the patient to generate sufficient inspiratory pressure to reach a set threshold before 
inspiratory flow commences

• Effect of
• Significant improvement in maximum inspiratory pressure

• Improvement in the likelihood of weaning

• Reduction in the duration of stay



Inspiratory muscle training for intensive care patients: A 
multidisciplinary practical guide for clinicians

• Patient selection • MIP measure
• inhale as forcefully as possible from 

residual volume

• Repeated 3 times

Australian Critical Care 32 (2019) 249e255



Inspiratory muscle training for intensive care patients: A 
multidisciplinary practical guide for clinicians

• Use threshold device to provide loading stimulus 
(for reproducibility of the patient's efforts, 
facilitating accurate titration of IMT pressures)

• IMT pressure ranging between 9 and 41 cmH2O

Australian Critical Care 32 (2019) 249e255

• Training protocol
• To maximize benefits and minimize distress, high intensity low-repetition approach

• Intensity of at least 50% of MIP is well tolerated

• 5 sets of six breath daily (rest on weekend), normal ventilatory support between 
sets for adequate rest and recovery (usually 1-2 min)

• Intensity titration upward to highest tolerated level where patient can just 
complete the 6th breath in a set of six breaths



Physical therapy intervention

Everyday 
interruption of 
sedation (RASS, 
CAM-ICU daily 

basis)

Active assisted 
(with manual 

assistance) and 
active ROM in 

supine position

bed mobility 
activity 

(transferring to 
upright sitting)

transfer training 
(repetition of 
sit-to-stand 

transfers from 
bed to chair or 

bed to 
commode)

Pre-gait exercise 
and walking

(standing, 
marching, 

ambulation)

Unresponsive 
→ PROM

NMES



Crit Care Med 2008; 36:2238–2243

nursing
staff

Biceps 3/5

Quadriceps 
3/5

• MT
• intensive care unit 

Mobility Team (critical 
care nurse, nursing 
assistant, physical 
therapist) 



Maebashi EM protocol

Liu et al. Journal of Intensive Care (2018) 6:10



5 Level

(1) no mobilization or bed 
exercise 

(2) sitting position

in bed, including using a 
cycling ergometer and active

range of motion 

(3) sitting on the edge of the 
bed, 

(4) active transfer to the chair, 

(5) standing, stepping in place, 
or ambulating. 



Optimal timing

• Early mobilization은 critical illness로인한 severe muscles wasting이생기기이전에조기에
시작하는것이더효율적임. 일부 EM이효과없었던연구들의경우 ICU 입실후치료
시작시기가늦어진경우가많음. 

• 조기에재활을시작할수록 sedation을줄여섬망가능성을낮출수있고추후기능회복의
가능성이높음. 

• Severe ARDS, high PEEP, refractory shock 과같은상황에서는조기재활을시작하기어렵지만
현재까지의문헌에서중환자조기재활치료는안전하며심각한부작용이거의없으므로
재활시작선별기준과종료기준이명확하다면조기에할수록효과적인것으로생각됨. 

• ICU patients with sepsis (2022 Journal of intensive care)
• EM defined as rehab from edge sitting to further

• Mobilization within the first 3 days of ICU stay : associated with better outcome
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