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Difficulty in evaluating ICU-acquired 
weakness

• Myasthenia gravis

• Motor neuron disease

• Guillain-Barre disease 

Underlying neuromuscular disorder

• Cerebral stroke

• Septic encephalopathy

• Critical illness polyneuropathy

• Critical illness myopathy

ICU-acquired weakness

Intubation Sedation Confusion Noise



Neuromuscular differential diagnosis of 
Failure to wean from Ventilator”



Acute Neuromuscular Weakness in 
the intensive care unit [1]

• ICU-acquired weakness (ICUAW) begins within hours of ICU 

admission and is associated with functional disability in the 

longer term.

• 25-34% of patients treated for critical illness develop 

neuromuscular weakness due to myopathy, neuropathy, or both.

• Electrodiagnostic studies are abnormal in up to 80% in some 

studies.
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The complexity of factors interact to promote the 

development and persistence or resolution of ICUAW.



ICU-acquired weakness: 

critical illness polyneuropathy and critical 
illness myopathy



Historical review (1)

In 1892, Osler: “rapid loss of flesh” with prolonged sepsis

In 1961, Mertens: “coma-related disseminated polyneuropathies”

In 1971, Henderson et al: polyneuropathy in patients with burns

In 1977, Bischoff et al: severe polyneuropathy 

attributed to gentamicin sulfate

In 1984, Bolton et al

: “critical illness polyneuropathy”

Characteristic axonal loss of  

motor and sensory fibers to the 

toxic effect of sepsis



Historical review (2)

• The muscles can be primarily involved without the nerves 

necessarily being affected.

• In 1996, Lacomis D et al. reported 

critical illness myopathy in patients 

with excessive dosages of iv corticosteroids.

• Increasing evidence in ICU has shown that critical illness 

polyneuropathy and myopathy frequently occur concomitantly.



The prevalence of CIP/CIM

• Critical illness polyneuropathy 

– 1/3 in the most severe critically ill patients

– Up to 100% in patients with multiple organ failure 

• Critical illness myopathy 

– 36% of patients who need mechanical ventilation for severe asthma

– about 70% of patients who are admitted to ICU for at least 7 days

• The epidemiology tends to correlated with the duration and the 

severity of basic diseases.



Diagnostic criteria of CIP

Lancet Neurol 2005; 10:931–941. Muscle Nerve 2005;32:140-163



Critical Illness Polyneuropathy

• No unifying molecular mechanism(s) has been identified to 

explain the development, progression, and/or recovery from 

CIP.

• Nerve biopsy

– Most sensory nerves in early biopsies (median, 15 day of sepsis) look normal, 

despite having reduced SNAPs. 

– In contrast, late biopsies (median, 56 day) demonstrate axonal neuropathy—but 

this is not pathognomonic of CIP.

– Even in patients who die with CIP, examination of the obturator, cervical, and 

lumbosacral roots at autopsy fail to demonstrate histologic pathological 

features that would characterize CIP. 



Differentiation 
between CIP and GBS

Neural Regen Res. 2014;9:101-110



Pathology of CIP

• Autopsy and surgical 

pathologic studies reveal 

(non-inflammatroy) acute 

degeneration of sensory and 

motor axons.

• Muscle histopathology in 

CIP reveals angulated 

atrophic fibers of both fiber 

types.

Semithin section using toluidine blue stain



Hypothesis of CIP

• No overarching mechanism has been identified to explain the occurrence of CIP.
Am J Respir Crit Care Med 2012;187:238-246



Critical Illness Myopathy

• Skeletal muscle dysfunction in the critically ill derives from a 

variable combination of decreased muscle mass and impaired 

contractility.

• Up to two-thirds of patients treated for status asthmaticus

develop elevations in serum creatine kinase, and one-third 

have clinical features of myopathy.

• Risk factors included total corticosteroid dose and illness 

severity. 



Diagnostic criteria for CIM

Lancet Neurol 2005; 10:931–941. Muscle Nerve 2005;32:140-163



Pathology of CIM

ATPase pH9.4



Pathology of CIM

ATPase pH9.4



Ultrastructure of CIM

Muscle pathology of CIM patient



Hypothesis of CIM

Am J Respir Crit Care Med 2012;187:238-246

• Numerous cellular signaling networks participate in the development of CIM.



Electrodiagnostic studies



Peripheral nerve

• Myelin:  increase the speed at which impulses propagate along the 

myelinated fiber. myelination helps prevent the electrical current from 

leaving the axon.

• Axon:  conducts electrical impulses away from the neuron's cell body or 

soma



• Measurement

: amplitude and velocity

Electric stimuli recording

Nerve conduction study (1)



Nerve conduction study



Nerve conduction study



Nerve conduction study



Motor nerve conduction study

Electric stimuli

Recording electrode

Reference electrode



Motor nerve conduction study

Action potential CMAP

Electric stimulator



Sensory nerve conduction study

stimulator Recording electrode

Action potential SNAP



Sensory nerve conduction study

Antidromic
recording

Orthodromic recording

Larger amplitude
Less subjective to noise
Motor nerve : often 
stimulated

Smaller amplitude
Same onset latency 

Latencies and conduction velocities are 
identical

large volume-conducted 
motor potential



전기자극 측정

Nerve conduction study (2)

전기자극
측정



Motor NCS Sensory NCS

Nerve conduction study (3)

Onset latency Onset latency

Peak latency

Amplitude: mV Amplitude: uV



normal

Motor nerve conduction study

Axonal Acquired demyelination

Hereditary demyelination



Motor NCV



Repetitive nerve stimulation



Motor NCV in ICU



Sensory NCV in ICU



Interpretation

• Decreased motor NCV 

=> Inflammatory neuropathy

• Decreased CMAP

1. Peripheral neuropathy

=> Critical illness neuropathy, 

Diabetic polyneuropathy, 

alcoholic neuropathy, and etc.

2. Myopathy

3. Muscle atrophy

4. Radiculopathy



Electromyography



Electromyography



Electromyography

• Insertional activity and spontaneous activity
– Muscle at rest

• MUAP morphology analysis
– One MUAPs

• Recruitment
– Minimal to moderate contraction

• Interference pattern
– Maximal contraction

MUAP analysis



Normal finding

• Insertional activity

– Usually lasts 300ms or less 

• Normal spontaneous activities

– Initial negative activities with irregular firing pattern

Endplate noise Endplate spike



Spontaneous activity

• Abnormal spontaneous activity

– Initial positive activities with regular firing pattern

Positive sharp waves Fibrillation potentials Myotonic discharges

• Neural generator

- Fasciculation

- Myokymic discharge

- Cramps

- Neuromyotonia

• Muscle generator

- Fibrillation potentials

- Positive sharp wave

- Myotonic discharges

- Complex repetitive discharge



Spontaneous activities in ICU



MUAPs analysis

Chronic neurogenic process Myogenic process



Time factors after nerve injury

Immediate Hyperacute Acute Subacute Subacute

-chronic

Chronic

<4 days 1wk~ 

3-6wks

3-6wks~

2-3mons

2-3mons~

many mons/yrs

>several 

mons/yrs

Clinical 

findings

Abnl Abnl Abnl Abnl Abnl Nl/abnl

NCS Nl Nl Abnl Abnl Abnl Nl/abnl

MUAP 

recruitment

↓ ↓ ↓ ↓ ↓ ↓/nl

Spontaneous 

activity

Nl Nl Nl Abnl Abnl Nl

MUAP 

morphology

Nl Nl Nl Nl reinnervated reinnervated



Phrenic nerve evaluation



Direct muscle stimulation

Stimulating needle

1~3cm

Recording needle

Reference surface electrode

5mm





Summary 

• Clinical features

– Critical illness neuropathy: axonal neuropathy

– Critical illness myopathy: type II fiber atrophy

• Electrodiagnostic features

– Difficulty in diagnostric evaluation of ICU-acquired neuromyopathy

• 60Hz artifact

• Edema

• Severe weakness

• Poor voluntary effort

– Direct muscle stimulation is a alternative tool for differential diagnosis 

of CIP and CIM.



In Alhambra palace

Thank you for attention


