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INTRODUCTION 

• 1915: Sr W. OSLER – The Principles of Medicine – VIIIth Edition 

« Neuromuscular Dysfunction in patients with sepsis » 

Olsen CW. J Am Med Assoc.1956; 160(1):39-41 

MacFarlane IA et al. Lancet.1977; 2(8038):615 

Bolton CF et al. J Neurol Neurosurg Psychiatry.1985; 47(11):1223-31 
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INTRODUCTION 

Stevens RD et al. Crit Care Med.2009; 37: S299-S308 
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INTRODUCTION 

DEFINITION: 

Stevens RD et al. Crit Care Med.2009; 37: S299-S308 

ICU-acquired weakness designates clinically detected 

weakness in critically ill patients in whom there is no plausible 

etiology other than critical illness. 

3 sub-categories 
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INTRODUCTION 

3 DISTINCT FORMS: 

• CRITICAL ILLNESS POLYNEUROPATHY 

• CRITICAL ILLNESS MYOPATHY 

• Affects the limbs (particularly lower extremities) 

• Symetric pattern 

• Weakness is most notable in proximal neuromuscular areas  

• Facial and ocular muscles are rarely involved 

• No demyelination (≠ Guillain-Barré) 

• Primary myopathy 

• Difficult to distinguish from CIP by means of a bedside 

examination 
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• MIXED 
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INTRODUCTION 

2 DISTINCT FORMS: 

• CRITICAL ILLNESS POLYNEUROPATHY 

• CRITICAL ILLNESS MYOPATHY 

• Affects the limbs (particularly lower extremities) 

• Symetric pattern 

• Weakness is most notable in proximal neuromuscular areas  

• Facial and ocular muscles are rarely involved 

• No demyelination (≠ Guillain-Barré) 

• Primary myopathy 

• Difficult to distinguish from CIP by means of a bedside 

examination 

• VENTILATOR INDUCED DIAPHRAGMATIC DYSFUNCTION (VIDD) 

• Involvement of the respiratory muscles 

+ 
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INTRODUCTION 

HOW TO TRANSLATE ? 

• Polyneuropathie des soins intensifs ??? 

• Myopathie des soins intensifs ??? 
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INTRODUCTION 

HOW TO TRANSLATE ? 

• Polyneuropathie des soins intensifs ??? 

• Myopathie des soins intensifs ??? 

NEURO- ou MYOPATHIE  

DU PATIENT CRITIQUE 

× 
• Critical Illness Polyneuropathy 

• Critical Illness Myopathy 
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Friedrich O et al. Physiol Rev.2015; 95:1025-1109 
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NERVE: 

MUSCLE: 

Skeletal muscle wasting 

• Microvascular ischemia 

• Catabolism 

• Immobility 

Polyneuropathy with 

axonal degeneration 

• Microvascular injury with 

nerve ischemia 

• Sodium channel 

dysfunction 

• Mitochondrial injury 

Kress and Hall. NEJM.2014; 370:1626-35 
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Batt et al. AJRCCM.2013; 187(3):238-246 
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C.I.N. or C.I.P. 
• Axonal degeneration 

 Microvascular changes in the endoneuriom 

 Vascular permeability 

 Penetration of toxic factors into the nerve ends 

 Nerve edema 

 Impaired energy delivery to the nerve and axonal death 

 Mitochondrial dysfunction 

• Channelopathy (Natrium) 

• Small Fiber Neuropathy 

 Nonlength-dependent small fiber neuropathy 

 Responsible of neuropathic pain, stocking and glove sensory loss, numbness, 

cold extremities, burning pain.   

• Autonomic dysfunction 

 Axonal degeneration of the vagal nerve and sympathic chain documented on 

autopsy findings 

Hermans G et al. Crit Care.2015; 19:274 
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Batt et al. AJRCCM.2013; 187(3):238-246 
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C.I.M.  

Protein synthesis / breakdown imbalance 

• Muscle atrophy (Myosin loss) 

Inflammation Immobilisation 

Endocrine 

stress 

response 

Nutrition 

Deficit 

Impaired 

microcorculation 
Denervation 

• Electrical hypoexcitability 

• Disorganisation of sarcomeres 

• Ultrastructural abnormalities 
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Friedrich O et al. Physiol Rev.2015; 95:1025-1109 
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Puthucheary et al. JAMA.2013 
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Levine S et al. NEJM.2008; 358:1327-35 
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DIAGNOSIS 

Fan et al. AJRCCM.2014; 190(12):1437-46 

• Physical Examination (Manual Muscle Testing – MRC Score) 

 

• Electromyography 

 

• Nerve Conduction Studies 

 

• Direct Muscle Stimulation 

 

• Muscle or Nerve Biopsy 
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DIAGNOSIS 

Fan et al. AJRCCM.2014; 190(12):1437-46 

lack of consensus on surveillance, diagnostic method, 

timing of evaluation 
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DIAGNOSIS 

Physical Examination (Manual Muscle Testing – MRC Score) 

• The sum score ranges between 0 and 60 

 

• ICUAW when MRC < 48 

 

• Diagnosis of CIP or CIM ??? 

 

• Patient needs to be awake and 

cooperative 

 

• Objectivity ? 

Hermans G et al. Crit Care.2015; 19:274 
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DIAGNOSIS 

Physical Examination (Manual Muscle Testing – MRC Score) 

Stevens RD et al. Crit Care Med.2009; 37: S299-S308 
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DIAGNOSIS 

ELECTROMYOGRAPHY and NERVE CONDUCTION STUDIES 

Zorowitz RD. Chest.2016; 150(4):966-71 
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DIAGNOSIS 

ELECTROMYOGRAPHY and NERVE CONDUCTION STUDIES 

Jolley SE. Chest.2016; 150(5):1129-40 
Single Fibular Nerve Conduction Study 

Quick, Safe, Easy 

 
Common peroneal (fibular) 

compound motoneural action 

potential is measured using 2 

surface electrode; 

Progressive increase in stimulus 

intensity until maximal CMAP is 

achieved. 
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DIAGNOSIS 

BIOPSY 

Bolton CF et al. J Neurol Neurosurg Psychiatry.1985; 47(11):1223-31 
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Jolley SE. Chest.2016; 150(5):1129-40 
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RISK FACTORS 

• MECHANICAL VENTILATION 

 

• MUSCLE IMMOBILIZATION 

 

• SEPSIS (SEVERE SEPSIS) 

 

• MULTIPLE ORGAN DYSFUNCTION 

 

• NEURO-MYOTOXIC AGENTS 
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Friedrich O et al. Physiol Rev.2015; 95:1025-1109 
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STEROIDS ??? 
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STEROIDS ??? 

Hermans G et al. Cochrane Database Syst Rev.2014;CD006832 
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N.M.B.A. ??? 



Cliniques universitaires Saint-Luc – Nom de l’orateur 

38 

NUTRITION STATUS 
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NUTRITION STATUS 

• Mice study 

• Critical Care Patients study / D7 

Goossens C et al. J Cachexia Sarcopenia Muscle .2016; in press 

Post mortem biopsies of the rectus 

abdominis 

In Vivo biopsies of the vastus lateralis 
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Hermans G et al. AJRCCM.2014;190(4): 410-20 
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Hermans G et al. AJRCCM.2014;190(4): 410-20 

p < 0.001 
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Herridge MS et al. N Engl J Med.2011;364: 1293-304 
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Iwashyna et al. JAMA.2010; 304(16): 1787-94 



Cliniques universitaires Saint-Luc – Nom de l’orateur 

44 

Hermans G et al. Cochrane Database Syst Rev.2014;CD006832 
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Hermans G et al. Cochrane Database Syst Rev.2014;CD006832 
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Hermans G et al. Cochrane Database Syst Rev.2014;CD006832 
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Schweickert  t al. Lancet.2009;373: 1874-82. 
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Crowell KT et al. Shock.2016; in press 

Sepsis recovery mouse model 

Male C57BL/6 mice 

Polymicrobial peritonitis induced by Cecal Ligature and Puncture 

H24: antibiotics 

H48: surgery  

D10: in vivo protein synthesis measurement 

         Ubiquitin proteasome activity 



Cliniques universitaires Saint-Luc – Nom de l’orateur 

51 

Crowell KT et al. Shock.2016; in press 
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Crowell KT et al. Shock.2016; in press 

During recovery: 

1. Period of over-compensation (muscle protein synthesis is above 

normal value) 

This increase is mediated by a activation of the Akt-TSC2-mTORC1 

transduction system. 

 

2. Divergent effects on the pathways modulating the protein breakdown. 

 

3. Decrease in autophagy 
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Crowell KT et al. Shock.2016; in press 
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dos Santos et al. AJRCCM.2016;194: 821-30  

Nested, prospective, study of patients on MV for at least 7 days. 

Evaluation at D7 and M6 post ICU discharge.  

RESULTS: 

• Decreased strength at D7;  

• Improvement at M6 (w/o normalisation) 

• Sustained muscle atrophy at M6 in the majority of 

patients 

• Persistent myopathy detected by EMG at M6 in 3/8 

patients 

• Inflammatory cells infiltration present at D7 resolves at 

M6 

• The UPS-related proteolysis returns to levels 

comparable to healthy individuals despite persistent 

quadriceps atrophy  
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dos Santos et al. AJRCCM.2016;194: 821-30  

Persistent atrophy (CSA) 

Normalized CSA 

SATELLITE CELL CONTENT 
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Rocheteau P et al. Nature Med.2015;  

Male C57BL/6RJ mice 

Polymicrobial peritonitis induced by Cecal Ligature and Puncture 

D21:  • Marked anisocytosis and small atrophic myofibers 

• Endomysial fibrosis 

• Persistence of chronic endomysial inflammation 

• Calcification of necrotic myofibers 

• Increased CPK  
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Rocheteau P et al. Nature Med.2015;  
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Rocheteau P et al. Nature Med.2015;  
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Wishmeyer P et al. Crit Care.2015; 19:S6 
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Wishmeyer P et al. Crit Care.2015; 19:S6 
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TAKE HOME MESSAGES 

• Frequent complication 

 

• Morbidity / Mortality 

 Age, Comorbidities, Organ failure,  

 

• Slow recovery and ongoing decline 

 

• May warrant closer follow-up during and after ICU 

stay 

 

• Potential therapies (MSC ? Nutrition? Mobilisation?) 

ICU-AW 


