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Review Article

Electrodiagnostic Test: An Important Tools in the
Evaluation of Critical Illness Neuromuscular Complications

Aminur Rahman', Rumana Habib?, Nirmalendu Bikash Bhowmik®, Amirul Haque*

Introduction:

Critical illness neuromuscular disorders are more common
than might first think. The literature is full of cases of
individuals who have survived being critically ill only to
emerge with profound neuromuscular dysfunction,
developing in €725 percent of patients who are in the
intensive care unit (ICU) and ventilated for at least 7 days'.

Weakness is partly a consequence of improved survival
in patients with multiorgan failure and sepsis, but is also a
consequence of treatments administered in the ICU.

Spitzer et al reported that 62% of patients with prolonged
weaning from ventilation had an unsuspected
neuromuscular disorder?. However, patients who become
critically ill and survive their ICU stay often go on to have
significant impairment directly related to a critical illness
neuromuscular disorder. DeJonghe * reported on 95
patients who were ventilated for greater than 7 days and
went on to awaken and improve. Familiarity with critical
illness disorders assists the intensive care specialist in
designing and implementing ventilatory weaning
strategies. Sir William Osler described a syndrome of
muscular wasting in an individual who had survived
sepsis®. In the 1960s and 1970s unexplained neuropathies
were described in patients who had been in a coma or who
had been seriously burned or septic 3% 7. In 1977 Bischoff
and Rich described a polyneuropathy associated with
gentamicin toxicity®. The term critical illness
polyneuropathy was not coined until the early 1970s and
1980s” 0In 1998 Coakley et alll
Electrodiagnostic(EDX) studies on 44 patients who were

performed

critically ill and required an ICU stay greater than 7 days.
These EDX studies revealed that only 9% of patients were
normal; 43% of these patients had mixed sensory and motor
nerve dysfunction.
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Diagnostic Considerations

The patient with a critical illness neuromuscular disorder
typically presents when the health care team determines
that there is difficulty weaning from the ventilator!2.
Unfortunately, even in cases with significant weakness or
sensory abnormality, the critical illness neuromuscular
disorder can remain undiagnosed'?.

When seeing the patient who is critically ill and weak for
an EDX medicine consultation, the clinician should recall
the broad differential diagnosis for individuals with

weakness. The articles by Wijdicks et al'# 13

provide a
nice mnemonic of the word muscle to support remembering
the different diagnostic entities that should be considered

when evaluating a patient with weakness (Table-I).

Table-I
Mnemonic for remembering differential diagnosis of
weakness in the critically ill patients.

M edications (IV contocosteroids, panucuronium,
vacuronium, metronidazole

U ndiagnosed neuromuscular disorders (PM DM GBS ALS
MG LEMS)

S pinal cord damage

C ritical illness neuromuscular disorders
L oss of muscle mass

E lectrolytes disorders

S ystemic illness

PM-Polymyositis, DM-Dermatomyositis, GBS-Gullaine-
Bare syndrome, ALS-Amyotrophic lateral sclerosis, MG-
Myasthenia Gravis, LEMS- Lambert —Eton-Myasthenic
syndrome

The unexpected failure of ventilatory weaning, accelerated
peripheral muscle atrophy, or an inability to hold the head
or a limb off the bed should be clues to the health care team
that a critical illness neuromuscular disorder is present. It
was also found to be independently predicted by the
development of a critical illness neuromuscular disorder!®.

Etiologic Considerations
The cause of critical illness neuromuscular disorders is
not clear, and it is likely multifactorial. One thing that has
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become quite clear is that the systemic inflammatory
response syndrome (SIRS) plays a significant role!”. The
term SIRSe was coined in 1992 during a consensus
conference between the Society of Critical Care Medicine
and the American College of Chest Physicians (ACCP) !8.
Bolton!” has highlighted the significant role that the STRS
has in the development of critical illness neuromuscular
disorders. This is extremely important as the different
critical illness neuromuscular disorders can have very

different functional outcomes!®.

It is also clear that critical illness neuromuscular disorders
develop in the pediatric population. The spectrum of critical
illness disorders mimics those found in adults2°.

Critical illness Myopathy

The most common form of ICU-acquired myopathy is
critical illness myopathy (CIM). This disorder is also
known by other names, including acute quadriplegic
myopathy and thick filament myopathy

Epidemiology and risk factors

In prospective studies, approximately one-third of patients
with status asthmaticus or chronic obstructive pulmonary
disease and 7 percent who receive a liver transplant
develop CIM?2!-22,

The strongest risk factor for CIM is the use of IV
glucocorticoids in the ICU setting, and there is some
correlation between the likelihood of occurrence and
severity of disease with glucocorticoid dose?!232426, The
length of chemical paralysis, when used in conjunction
with corticosteroids, has been associated with the
development of thick filament Myopathy?”- 28, Douglass
et al 2% have shown that the serum CK level is elevated in
76% of patients with severe asthma exacerbations who
require ventilation. They also found that 36% of these
individuals go on to develop a symptomatic myopathy.
Based on the work of Dubois and Almon®°, there has been
some association made with the development of thick
filament myopathy in patients who receive corticosteroids.

Clinical features of CIM

Critical illness myopathy usually begins several days after
IV glucocorticoid treatment is initiated. The most common
presenting features of CIM are?!> 32 33. 3436 flaccid
quadriparesis that may affect proximal more than distal
muscles, Failure to wean from mechanical ventilation.

EDX findings in CIM

The EDX study of CIM are normal to low motor amplitudes
with occasional broadening of the compound muscle action
potential’?®37. Phrenic motor amplitudes may also be low.
Sensory responses are normal or only mildly reduced,
Depending upon the degree of weakness, observation of the
recruitment of motor unit potentials (MUPs) may be difficult.
MUPs are short in duration, low in amplitude, and sometimes
polyphasic’®. Some muscles exhibit electrical inexcitability to
direct muscle stimulation 3940 -

46

Diagnosis of CIM

The diagnosis of CIM is suspected in patients who have
particularly flaccid muscle weakness and ventilatory
failure, in the setting of critical illness. Exposure to
intravenous glucocorticoids is an important clue. An
elevation in serum creatine kinase is usually present but,
among patients treated with intravenous glucocorticoids,
can occur in the absence of CIM?° The diagnosis of CIM
can sometimes be confirmed by EDX testing (Table-II)
with nerve conduction studies (NCS) and EMG. Muscle
biopsy can provide additional diagnostic information.

Table-I1
Suggested diagnostic criteria for Critical illness Myopathy

The major diagnostic features of CIM are

*  Sensory nerve amplitudes >80 percent of the lower
limit of normal in two or more nerves on NCS

* Needle EMG with short-duration, low-amplitude
MUPs with early or normal full recruitment, with or
without fibrillation potentials

* Absence of a decremental response on repetitive
nerve stimulation

*  Muscle histopathologic findings of myopathy with
myosin loss

Supportive diagnostic features of CIM are

*  Motor amplitudes <80 percent of the lower limit of
normal in two or more nerves without conduction
block on NCS

e Elevated serum CK (best assessed in the first week of
illness)

*  Muscle inexcitability on direct muscle stimulation

Critical Illness Polyneuropathy

CIP is an acute, diffuse, mainly motor peripheral
neuropathy due to axonal dysfunction, clinically presented
as sensory-motor polyneuropathy with relative
preservation of cranials nerves function. The
predominance of motor involvement in CIP was best
described by Hund et al*! in a study of 28 patients with
moderate to severe CIP. CIP typically occurs in patients
who have sepsis or multiorgan system dysfunction. The
incidence has been reported to be 50% to 75% in individuals
who meet these criteria!74243. Cerebrospinal fluid studies
during this period have been reported as normal except
for very mild elevations in protein!® 43 44,

In 1987 Zochodne et al*’ reported on 19 patients with CIP.
They found moderate to severe weakness in 47% of
patients, sensory disturbance in 47% of patients, and
reduced or absent reflexes in 68% of patients. Consistent
with current studies, they found a mortality rate of 58% in
their cohort*>. Hyperglycemia and hypoalbuminemia have
both been associated with the development of CIP#% 43,
There has been an association made with individuals who
are receiving parenteral nutrition and the development of
CIP and multiorgan system dysfunction*®,



EDX findings in CIP

The EDX findings in CIPN are typical of an axonal sensory
and motor peripheral neuropathy. Phrenic motor
amplitudes are commonly reduced.Spitzer et al®> have
proposed a way to categorize the EDX findings in CIPN as
a measure of severity (Table-III). These categories of
severity are expected to reflect the prognosis for recovery
from the neuropathy.

Table-II1
Classification of findings in CIP

Severe

SNAP absent, Fibrillation potential in all muscles groups
& multiple CMAP amplitude less than 1mV

Moderate

SNAP amplitude <SmicroV, Multiples CMAP amplitude between
ImV- 3mV, Fibrillation and positive sharp waves present

Mild
SNAP amplitude >5microV, CMAP amplitude > 3mV

Muscle biopsy typically shows grouped fiber atrophy,
especially when the neuropathy has been present for a
significant period of time*’.

Diagnosis of CIP

It is often difficult to distinguish CIP from CIM or from
combined CIM and CIP on the basis of clinical features
and neurologic examination findings alone. The diagnostic
criteria are shown in Table-IV.

Table-1V
Diagnostic criteria for CIP

Major features of CIP are

» Setting of critical illness, particularly if complicated
by sepsis, multiorgan failure, and the systemic
inflammatory response syndrome

« Difficulty weaning from ventilator that is not related
to cardiopulmonary causes

* Possible limb weakness

»  EDX evidence of axonal motor and sensory polyneuropathy

Features favoring the diagnosis

* Sensory and motor nerve amplitudes <80 percent of
the lower limit of normal in two or more nerves on
nerve conduction studies

»  Absence of conduction block or prolongation of F-waves

*  Needle EMG with reduced recruitment of normal motor
unit potentials (MUPs) (early) followed by fibrillation
potentials and reduced recruitment of long-duration,
high-amplitude MUPs (after weeks)

»  Absence of a decremental response on repetitive nerve
stimulation

Supportive features

* Normal cerebrospinal fluid protein
» Normal serum creatine kinase
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Management

There is no current effective treatment for critical illness
neuromuscular disorders. Prompt identification and
management of underlying conditions such as sepsis or
multiorgan system dysfunction will likely result in a
decreased incidence of these syndromes. Early studies
suggested that the use of intravenous immunoglobulin
(IVIG) may help to protect against the development of
severe CIP*®. There is evidence that intensive insulin
therapy (target blood glucose 80 to 110 mg/dL [4.4 to 6.1
mmol/L]) may lower the incidence of CIM and CIP among
critically ill patients who remain in the intensive care unit
for seven or more days**-0

Outcome

The mortality rate in critical illness neuromuscular
disorders ultimately depends on the underlying
conditions, and the development of neuromuscular
pathology does not worsen it. Typically many patients
who develop these syndromes die from the multiorgan
system dysfunction or sepsis. Throughout the recovery
process, the quality of life is often impaired, and in some
cases the severe neuromuscular weakness can contribute
to later deaths.
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