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Critical Illness Neuropathy and Myopathy

Charles F. Bolton

Weakness of limb and respiratory muscles is a serious
and increasingly common problem in intensive care units
(ICU). Its management demands neurologic consultation,
creatine kinase (CK) measurements, electrophysiologic
testing, magnetic resonance imaging (MRI) of the spinal
cord, and sometimes biopsy of a muscle and nerve to
diagnose this problem in the ICU of which there is a vari-
ety of causes. This chapter describes the general approach
to the evaluation of neuromuscular disorders in the ICU.

NEUROMUSCULAR EVALUATION IN
CRITICALLY ILL AND INJURED PATIENTS

Neuromuscular History

If the patient is alert and able to write, an adequate his-
tory can be obtained by having the patient respond by
handwriting. If limb paralysis precludes this, the patient
may respond by nodding or shaking the head for yes or no
answers. If the patient is stuporous, confused, or
comatose, the history of neuromuscular symptoms can
generally be obtained from the referring physician, emer-
gency room or ICU physician, hospital chart, relatives,
friends, or an employer.

Spinal or radicular pain, bulbar or limb weakness,
breathing difficulties, impaired sensation, bladder dys-
function, muscle cramping, fasciculation, and fatigability
are important clues to an underlying neuromuscular dis-
order. The neuromuscular problem may follow a major
surgical procedure, for example, surgery on the thoracic
aorta that may accompany spinal cord ischemia and
resulting paraplegia. Neuromuscular blocking agents,
even short-acting ones such as vecuronium, can have an
action of several hours in the setting of renal failure. It is
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important to recognize the reasons for intubation and
mechanical ventilation, whether for airway protection or
weakness of the respiratory muscles, and the type of
mechanical ventilation, frequency of intermittent manda-
tory ventilation, degree of pressure support, blood gas
results, and the ability to breath while off the ventilator.

Neuromuscular Physical Examination

General inspection of the skin may reveal localized
edema and redness at sites of compression that are likely
to occur in patients with drug-induced coma lasting
hours. Pressure at the site of an underlying peripheral
nerve can cause mononeuropathy. Signs of sympathic
insufficiency such as increased temperature, redness, and
dry skin in a paretic lower limb compared with the oppo-
site limb suggest a lesion of the lumbar plexus because
sympathetic fibers bypass the caudal nerve roots.

Ptosis, asymmetric ocular palsies, and facial weakness
require exclusion of a neuromuscular transmission
defect. The response to a tracheal tug on the endotracheal
tube assesses the ability to swallow and cough. Abnor-
malities of this type are seen in motor neuron disease,
Guillain-Barré syndrome (GBS), and neuromuscular
Jjunction disorders.

Assessment of the respiratory system should be done
in the presence of the intensivist and if necessary assisted
by the respiratory technologist. The ability to breathe
independently is assessed by discontinuing or altering
mechanical ventilation by stopping intermittent manda-
tory ventilation while keeping the patient on pressure
support or continuous positive airway pressure to over-
come airway/ventilator resistance; a maximum of 15 min-
utes maintains reasonable oxygenation. Mechanical ven-
tilation is warranted when there is respiratory distress,
arterial oxygen saturation of < 90% based on an oximeter
reading, or a significant rise in breath rate or blood pres-
sure. Needle electromyogram (EMG) of the diaphragm
can accurately assess the pattern of respiration by observ-
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ing the bursts of motor unit potentials (MUPs) with each
inspiration and may be of localizing value (Fig. 1). The
overall strength and rate of respiratory effort should be
ascertained. The signs of reduced movement of chest wall
muscles on attempted inspiration with forced outward
movement of the abdominal muscles as the diaphragm
descends are important clinical clues of an underlying
neuromuscular disorder.

Generalized or focal muscle wasting is difficult to
determine in the presence of limb edema. An affected
patient can have voluntary or semivoluntary movements in
bulbar and limb muscles in a pattern that suggests hemi-
plegia, quadriplegia, or paraplegia. If there are no such
movements, compression of the nail beds with a pencil
may induce one of several involuntary motor responses.
Simple flexion movement of the stimulated ipsilateral or
contralateral limbs occurs on a reflex basis at the level of
the spinal cord level and even in brain death. More com-
plex movements of a voluntary nature require intact cere-
bral function. If the opposite hand accurately moves in a
coordinated way to attempt to remove the painful stimu-
lus, reasonable function of that limb must be present. In
addition, the patterns of limb movement may offer further
clues as to the presence or absence of coexisting neuro-
muscular disease. For example, painful stimulation that
induces vigorous facial grimacing without limb move-
ment often seen in severe forms of CIP implies normal
afferent and efferent cranial conduction of the painful
stimulus along peripheral and central nervous system
(CNS) pathways. Similar findings are often seen in high
cervical cord lesions, but because severe pain impulses are
not transmitted through the spinal cord, facial grimacing is
not present. Vigorous upward movement of the great toe
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on plantar stimulation may be absent on the side of a per-
oneal nerve palsy. There may be absence of a knee jerk,
suggesting lumbosacral plexopathy with particular
involvement of the femoral nerve.

Laboratory Studies

The neurologic findings of lesions at various sites
along the neuroaxis are shown in Fig. 2A through E.
Acute spinal cord dysfunction, trauma, ischemia, infec-
tion, and spinal shock cause flaccid quadriplegia and are-
flexia simulating polyneuropathy unless careful testing
with a pin reveals a clear sensory level. MRI is often nec-
essary on a emergency basis to exclude a spinal cord
lesion, followed by electrophysiologic studies over the
next few days to exclude a polyneuropathy. Technical
challenges to EMG can arise in the ICU due to electrical
interference from adjacent machines, poorly grounded
plug-ins, inadequate shielding of cables, and other elec-
trical devices. The skin should be adequately prepared to
reduce resistance. The 60-cycle notch filter on the EMG
machine may have to be used. It may not be possible to
electrically stimulate certain nerves due to the presence
of intravascular lines, surgical wounds and dressings,
casts, and splints. Cardiac arrhythmias may be induced if
an electrical stimulus is applied along a limb with an
intravascular line that resides distally in the heart, in
which case it may be wise to test the opposite side. The
ground electrode should be on the same side of the body
that is being stimulated to avoid transmission of the elec-
trical impulse through the heart. Virtually all EMG stud-
ies including those of the diaphragm are quite safe. In our
experience, these various technical challenges can be eas-

FIG 1. Abnormal respiratory patterns
associated with pathologic lesions
(shaded areas) at various locations in
the brain. (a) Cheyne-Stokes respira-
tion. (b) Central neurogenic hyperven-
tilation. (¢) Apneusis. (d) Cluster
breathing. (e) Ataxic breathing. Here,
respiratory movements were recorded
with a chest-abdomen pneumograph,
but we found such patterns can be
detected from needle EMG recordings
of the diaphragm. (From Ref. 70, with
permission.)







