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Critical illness myopathy in a cervical spine-injured patient
Franz K Pencle1, Nelofar Kureshi2, Timothy Benstead3 and Sean D Christie2

Neuromuscular weakness acquired in the intensive care unit (ICU) causes significant impairment in critically ill patients. The
spectrum of critical illness neuromuscular disease includes critical illness myopathy, critical illness polyneuropathy or both,
and occurs in approximately one-third of patients admitted to the ICU and those who are ventilated for at least 7 days. Recognized
risk factors include sepsis, systemic inflammatory response syndrome, multi-organ failure, neuromuscular blocking agents and
corticosteroids, however the absence of predisposing factors should not preclude critical illness neuromuscular disease. A 23-year-
old male suffered a cervical spine injury and was admitted to the ICU. Two weeks post admission, he lost all power in his upper
limbs, neck and face. Nerve conduction studies and needle electromyography were performed 4 weeks and 3 months after the
injury, suggesting that myopathy was the likely cause of weakness. The definitive diagnosis of critical illness myopathy was based
on muscle biopsy demonstrating myosin filament loss. Evaluation of new-onset weakness in ICU patients is essential to distinguish
neurological causes from complications of critical illness. Signs and symptoms of critical illness neuromuscular disease must be
identified early to encourage recovery, promote rehabilitation, and reduce morbidity and mortality.
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INTRODUCTION
In critically ill patients, various factors including infection,
trauma, surgery and multi-organ failure may lead to a syndrome
of neuromuscular weakness, often referred to as critical
illness neuromuscular disease. Risk factors in contracting critical
illness neuromuscular disease include prolonged length of
intensive care unit (ICU) stay, severity of illness, exposure to
intravenous corticosteroids, neuromuscular blockers, sepsis and
systemic inflammatory response syndrome (SIRS).1 Recent
studies suggest that strict glycaemic control in the critically ill
neurological patient can decrease the risk of developing this
syndrome.
Critical illness myopathy (CIM) and critical illness polyneuro-

pathy (CIP) are common types of acquired generalized weakness
within the spectrum of critical illness neuromuscular disease. CIM
or ICU myopathy is the most frequent myopathy affecting critically
ill patients and is defined by atrophy of type II muscle fibres and
loss of thick filament myosin.2 It was first described in 1977,3

primarily in critically ill asthmatics,4 but since then has become
increasingly recognized through a wide gamut of admissions to
the ICU.
CIM often shows significant overlap with CIP, which primarily

affects both motor and sensory fibres.5 The reported incidence
rates of CIM vary according to the ICU patient population studied
risk factors, and timing of diagnostic evaluation and are often
reported as combined CIM and CIP. It has been suggested that
over 60% of patients who are in the ICU for at least 7 days will
develop critical illness neuromuscular disease;6 the incidence rises
to 75% in patients with sepsis or SIRS and occurs in nearly all
individuals with multiple organ failure.7

Patients with critical illness neuromuscular disease generally
develop a flaccid paralysis, commonly with symmetric weakness

both proximally and distally, with sparing of sensations and
normal or decreased deep tendon reflexes. The International
Standards for Neurological Classification of Spinal Cord Injury
(ISNCSCI) examination can be used to determine the motor and
sensory impairment and severity of a spinal cord injury in such
patients.8 Further investigations may be challenging in critically ill
patients, but provide reliable diagnostic information. Electrophy-
siological studies showing normal or minimally reduced nerve
conduction velocity, reduced muscle excitability on direct
stimulation, reduced compound muscle action potential, ampli-
tude, fibrillation and small motor unit potentials identify patients
with CIM. The definitive diagnosis of CIM is made by a muscle
biopsy. Electromyography (EMG) and nerve conduction studies
(NCS) are the gold standard for diagnosis of CIP in which there is a
decline in the amplitude of sensory and compound muscle action
potentials.
To our knowledge, there are no previous reports of CIM

following spinal cord injury. This case report describes the clinical
course, features, diagnosis and treatment of CIM in a 23-year-old
male with cervical spine injury admitted to the ICU.

CASE REPORT
The patient was a 23-year-old male with no chronic illnesses who
dove into shallow water from a pier after reportedly consuming
alcohol. After stabilization, he was transferred to the tertiary
trauma centre for definitive management. Upon arrival to our
site, he was found to be alert, oriented and co-operative.
His blood pressure was 130/80 mm Hg and an electrocardiogram
showed sinus rhythm with a heart rate of 65 beats per minute.
A detailed clinical evaluation revealed that the patient had an
upper extremity motor score of 32/50 and lower extremity
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motor score of 0/50. There was preservation of neurological
function at S4–S5 as determined by examination of sensory
and motor functions; rectal examination demonstrated the
presence of deep anal pressure. The patient’s injury was
classified as ASIA Impairment Scale Grade B. Chest examination
was clear with normal expansion and breath sounds.
His abdomen was flat, soft and no organomegaly detected.
There was no abnormal discoloration or bruising over the
limbs.
Imaging of the cervical spine (Figure 1a) revealed a flexion-

compression injury resulting in a C6 vertebral body fracture and
a C7 burst fracture with spinal cord compression and contusion.
A C7 corpectomy was performed within 24 h of injury; the
patient also underwent anterior fusion with allograft and plate at
C6–T1. The patient was subsequently admitted to the ICU for
acute spine care with maintenance of mean arterial pressure

above 85 mm Hg and glycaemic control (7.8–10.0 mmol l − 1).
Post-operative neurological evaluation did not detect the
presence of early surgical complications or changes in the
patient’s neurologic function.
He had a bradycardic event followed by asystolic arrest on day

11 post admission and followed by a second asystolic arrest on
day 18. A dual mode, dual chamber, dual sensing permanent
pacemaker was inserted on day 23 at the recommendation of
cardiology. The patient also had a single blood culture positive
for Staph epidermidis on day 18. At day 12 post admission, the
patient was noted to be poorly interactive, which correlated with
the timing of the family and patient discussion of his illness and
prognosis the day before. A psychiatric consult was sought as
patient noted to be more withdrawn and unable to comply with
nursing or physiotherapy requests. After day 15, he lost all power
in his upper limbs, neck and face. This warranted urgent repeat
imaging. MRI of cervical spine (Figure 1b) did not demonstrate
new spinal cord compression, rather just the expected post-
traumatic oedema. A neurology consult was obtained and nerve
conduction and EMG studies were performed. NCS and needle
electromyography were performed 4 weeks and 3 months after
the injury. The early study demonstrated almost completely
normal sensory NCS. Motor NCS demonstrated mainly absent
compound muscle action potential (CMAP) in the upper and
lower extremities, with a very small CMAP seen only in the
median nerve (Figure 2). Needle EMG demonstrated fibrillations
and absent activation of motor unit potentials in upper and
lower extremity muscles. The study suggested that myopathy
was the likely cause of the weakness. The same study performed
at 3 months demonstrated minimal improvement in upper
extremity muscles.
After weaning from tracheostomy, the patient was transferred

to the neurosurgical floor. Based on the electrophysiological
testing, a muscle biopsy was requested and obtained at day 45
post admission. A definitive diagnosis of CIM was made based on
myosin filament loss (Figure 3). He required a prolonged
admission to the neurosurgical floor. The patient showed
progressive yet minimal neurological recovery with return of face
and neck movement regained grade 1–2 power over a period of
4 months.

DISCUSSION
Although critical illness neuromuscular disease is a common
complication in ICU patients;5,6 no previous reports of CIM
following spinal cord injury have been documented. We report a
unique case of CIM in a young patient with no predisposing risk
factors for this neuromuscular disorder.
The incidence of CIM varies in subsets of critically ill patients;

this neuromuscular condition develops in at least one-third
of ICU patients treated for status asthmaticus and occurs in
25–63% of patients mechanically ventilated for more than a
week.9 Subpopulations of critically ill patients with sepsis
and multi-organ failure are thought to have a 100% incidence
of CIM/CIP.10

Sepsis, systemic inflammatory response syndrome, multi-
organ failure, neuromuscular blocking agents and corticoster-
oids have been identified as independent risk factors for
CIM.11,12 Systemic inflammation during early critical illness is
one of the main risk factors for developing CIM with significantly
raised interleukin-6 levels present in patients with abnormal
muscle membrane excitability.13,14 Clinical features of CIM
include diffuse flaccid and symmetrical weakness as well
as reduced or absent deep tendon reflexes with preservation
of sensory function. CIM is suspected when there is
difficulty weaning the patient from mechanical ventilation after
sedation is discontinued.15 Rates of reintubation are twice as

Figure 1. (a) Pre-operative MRI of cervical spine. (b) Post-operative
MRI of cervical spine.
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high in patients with CIM/CIP compared with patients without
neuromuscular disorders.16

A thorough review of our patient’s medications while admitted
to the ICU included trazadone, vancomycin, heparin, magnesium
sulphate, bisacodyl, clotrimazole, propofol, fentanyl, clonazepam,
atropine, gabapentin, docusate and dalteparin. Corticosteroids
were not prescribed, as this is not a part of our treatment protocol
for spinal cord-injured patients; neither was he managed with
pharmacologic paralytic agents. There was no evidence of
overwhelming sepsis documented and no features of a systemic
response to sepsis.
De Jonghe et al.17 have suggested that CIP/CIM is arbitrarily

diagnosed if the Medical Research Council sum score is o48.
Alert and cooperative ICU patients with spinal cord injury can be
accurately assessed using ISNCSCI to classify and describe the
extent of motor and sensory dysfunction due to SCI. Electro-
physiological studies have an important role in differentiating
between CIM and CIP; the presence of normal sensory nerve
action potentials, small CMAP and inexcitability of muscle to direct
electrical stimulation are highly suggestive of CIM. With limited
distinguishing features, the clinical diagnosis of CIM is challenging
and a muscle biopsy is required for definitive diagnosis.1 The key
histopathological finding in CIM is characterized by the absence of
myosin filaments;18,19 the breakdown of the thick filament myosin
may be in an effort to generate increased amino acids to meet the
demand during critical illnesses.20

In the absence of currently defined risk factors, clinical suspicion
and diagnostic studies may be delayed. Testing of proximal and
deep muscles is often challenging in spinal cord injury patients
due to sedation and generalized weakness. Evaluation of
new-onset weakness in spinal cord injury ICU patients with
prolonged stay should include the coordination of imaging,
electrophysiological investigation and histological examination of
muscle biopsy.
Widely recognized preventative strategies for CIM and CIP

include aggressive treatment of sepsis and strict control of
hyperglycaemia.21 Electrical stimulation may be helpful, but

requires further study.22 Although there are no established
therapeutic interventions for the CIM and CIP, supportive
measures such as nutritional, antioxidant and hormonal therapies
have been suggested.23 Intensive insulin therapy reduces the
collective incidence of CIM and CIP from 49 to 25% in surgical ICU
patients, and from 51% to 39% in medical ICU patients.24

The prognosis of CIM depends on patient age and severity of
illness. In mild cases, spontaneous recovery occurs within weeks,
whereas severe cases may have longer or incomplete recovery.25

In CIM associated with acute respiratory distress syndrome,
persistent functional limitation secondary to muscle weakness
has been noted even after a year of discharge.26 Earlier
reports have suggested that CIM and CIP have similar functional
outcomes after ICU discharge, but more recently, Guarneri et al.27

demonstrated that CIM may have a better prognosis than CIP. This
underlies the importance of an accurate clinical and pathological
differentiation of these similar entities in predicting long-term
outcomes after prolonged ICU stay.
Critical care management has a crucial role in the treatment of

patients with spinal cord injury. Although multiple stressors such
as sepsis, SIRS, neuromuscular blocking agents and corticosteroids
are recognized predisposing factors for ICU-acquired neuromus-
cular abnormalities, the presence of flaccid muscle weakness and
difficulty in weaning warrants further investigation.

CONCLUSION
Evaluation of new-onset weakness in ICU patients is essential to
distinguish neurological causes from complications of critical
illness. Signs and symptoms of critical illness neuromuscular
disease must be identified early to encourage recovery, promote
rehabilitation, and reduce morbidity and mortality. Established risk
factors such as sepsis, systemic inflammatory response syndrome,
multi-organ failure, neuromuscular blocking agents and corticos-
teroids should raise clinical suspicion; however the absence of
predisposing factors does not preclude critical illness neuromus-
cular disease.

Figure 2. Nerve conduction study of left median nerve demonstrates small compound muscle action potential amplitude with normal
conduction velocity.
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Figure 3. (a) Thick (myosin) filament loss under electron microscopy.
(b) Closer view of Z disc with actin filaments but no myosin band.
(c) Same patient with normal sarcomeres in part of the muscle—
note the darker strip of myosin filaments next to the paler strip of
actin filaments anchored to a dark Z disc.
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