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Abstract | Critical illness polyneuropathy (CIP) and critical illness myopathy (CIM) are major complications that
occur in severely ill patients who require intensive care treatment. CIP and CIM affect the limb and respiratory
muscles, and, as a consequence, they characteristically complicate weaning from the ventilator, increase

the length of stay on the intensive care unit, and prolong physical rehabilitation. The basic pathophysiology

of both disorders is complex and involves metabolic, inflammatory and bioenergetic alterations. It is

unclear at present whether CIP and CIM are distinct entities, or whether they just represent different ‘organ’
manifestations of a common pathophysiological mechanism. This article provides an overview of the clinical
and diagnostic features of CIP and CIM and discusses current pathophysiological and therapeutic concepts

relating to these neuromuscular disorders.

Zink, W. et al. Nat. Rev. Neurol. 5, 372-379 (2009); doi:10.1038/nrneurol.2009.75

Introduction

As a result of improvements in the survival of critically
ill patients over the past few decades, acquired muscular
weakness—a severe and costly medical complication—is
seen increasingly often on intensive care units (ICUs).!
Muscular weakness is not a ‘new’ phenomenon in critical
illness (by definition, a disease or state in which death is
possible or imminent), and was described by Osler as
early as 1892.2 At that time, the observed ‘rapid loss of
flesh’ and respiratory muscle weakness that occurred in
cases of severe sepsis were attributed to catabolic myo-
pathy and diaphragmatic fatigue, respectively. More than
50 years later, Mertens and colleagues characterized
‘coma-polyneuropathies’ due to circulatory shock, and
they suggested metabolic and ischemic lesions of periph-
eral nerves as basic pathophysiological mechanisms that
could underlie these phenomena.’?

In 1984, Bolton and co-workers initiated a series
of studies with the aim of defining clinical, morpho-
logical and electrophysiological changes associated
with acquired neuromuscular disorders, and they sub-
sequently introduced the term ‘critical illness poly-
neuropathy’ (CIP). The investigators hypothesized that
CIP, defined as a primary distal axonal degeneration of
both motor and sensory fibers, was directly attributable
to the ‘toxic’ effects of sepsis.*”

During the past two decades, another explana-
tion for acquired muscular weakness— ‘critical illness
myopathy’ (CIM)—has been identified and increas-
ingly recognized.”'° This primary myopathy can take
various morphological forms, and has been presumed to
be triggered by both sepsis and other factors, including
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the extensive use of neuromuscular blocking agents
and corticosteroids.’® It remains to be seen whether
CIP and CIM are distinct disorders with separate patho-
physiologies, or whether they merely represent different
‘organ’ manifestations of a common pathophysiological
mechanism.

In this Review, we provide an overview of the clinical
and diagnostic features of CIP and CIM. We also discuss
the current pathophysiological and therapeutic concepts
relating to these conditions.

Incidence
At present, the incidence of CIP and CIM is difficult to
ascertain, as the rates reported in recent studies strongly
depend on the nature of specific ICU subpopulations, risk
factors to which these populations were exposed, the diag-
nostic criteria used, and the timing of diagnosis during the
acute illness.! " Intriguingly, recent data suggest that CIP
and CIM coexist—a condition that has been termed criti-
cal illness polyneuropathy and myopathy (CIPNM)—in
the majority of cases.”!¢1

Current estimates indicate that 70-80% of critically
ill patients develop CIP, and, presumably, a comparable
percentage develops CIM."-?! In subpopulations in
which sepsis is complicated by multiple organ failure,
the incidence of CIP and/or CIM could even reach
100%.?' Approximately two-thirds of patients with acute
respiratory distress syndrome experience these neuro-
muscular disorders,?* and in unselected patients who
have required mechanical ventilation for at least 4 days
the incidence of CIP and CIM ranges from 25% to 33%
on clinical evaluation, and can reach 58% on electro-
physiological evaluation.'**-*8 Furthermore, 49%-77%
of patients will acquire CIP and/or CIM when treated in
an ICU for 7 days or more.?!
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Clinical features

Acquired, progressive muscular weakness is the leading
symptom in critically ill patients with CIP and/or CIM.*
Importantly, these two disorders cannot be clearly dis-
tinguished from each other on the basis of clinical signs
and symptoms alone.'>** A failure to wean the patient
from the ventilator once sedation has worn off, in the
absence of any pulmonary explanation, is a common
presentation of ICU-acquired myopathy and poly-
neuropathy.'»#303435 Consequently, these disorders are
associated with an extended duration of mechanical
ventilation, an increased length of stay on the ICU, and
higher costs and mortality rates. After extubation, drops
in oxygen saturation and hypercapnia are frequently
observed in patients with CIP and/or CIM, and, as a
consequence, rates of re-intubation are as twice as high
as in patients without neuromuscular disorders.”

Clinically, proximal and distal muscle groups are sym-
metrically flaccid in CIP and CIM, and deep-tendon
reflexes can be absent, although spastic quadriplegia and
isolated limb weakness have been described.?****” Muscle
atrophy can also occur, and is frequently more severe
than would be expected from the degree of immobiliza-
tion alone.'®*** One study compared the time-course
of adductor pollicis force and fatigue patterns following
tetanic ulnar nerve stimulation between patients with
severe sepsis and immobilized volunteers.*® No evidence
was found for increased fatigability of muscles in patients
with sepsis in comparison with immobilized muscles,
but peripheral muscle force was markedly decreased
during sepsis. Muscle weakness was, therefore, probably
attributable to sepsis-induced myopathy rather than
immobilization atrophy.

Unlike CIM, CIP can lead to a distal loss of sensitivity
to pain, temperature and vibration, which is difficult to
detect because it is often preceded by septic encephalo-
pathy and/or the need for sedation.* Facial muscles are
relatively spared from CIP and CIM but can sometimes
be involved, and ophthalmoplegia can occur in rare cases.
Nevertheless, cranial nerve pathology should always
guide the examiner to search for other neurological
disorders, such as Guillain-Barré syndrome.***' Box 1
summarizes the most common neuromuscular condi-
tions that present with generalized weakness in the ICU
and should be considered in the differential diagnosis of
CIP and CIM.

Electrophysiological features

From both an epidemiological and a prognostic point
of view, it is important to differentiate between CIP and
CIM and thereby formulate a specific diagnosis.'>*>*
Electrophysiological tests have been established for this
purpose. Studies have shown that 72 hours after admis-
sion, 50% of patients had electrophysiological signs of
neuromuscular dysfunction (10% had isolated CIM,
10% had isolated CIP, and 80% had CIPNM),!721:24:40.45.46
Despite advances in electrophysiological testing,
however, the complexity of interpretation of the findings,
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Key points

= Critical iliness polyneuropathy (CIP) is an acute axonal sensorimotor
polyneuropathy, mainly affecting the nerves in the lower limbs of critically
ill patients

= Critical illness myopathy (CIM) is an acute primary myopathy, the spectrum of
which ranges from pure functional impairment with normal histology to muscle
atrophy and necrosis

= CIP and CIM often coexist in critically ill patients

= CIP and CIM cannot be explicitly distinguished on the basis of clinical signs
alone, so specialized electrophysiological investigations or muscle biopsy are
necessary to clearly differentiate between these conditions

= The pathophysiologies of CIP and CIM are complex and incompletely
understood

= No specific therapeutic approach exists for CIP and CIM, although intensive
insulin therapy is suggested to reduce their incidence

Box 1 | Differential diagnosis of acquired muscular weakness

The mnemonic ‘MUSCLES’ can help in the differential diagnosis of acquired
muscular weakness*?

M Medications: steroids, neuromuscular blockers (for example, pancuronium
or vecuronium), zidovudine, amiodarone

U Undiagnosed neuromuscular disorder: myasthenia, Lambert-Eaton
myasthenic syndrome, inflammatory myopathies, mitochondrial myopathy,
acid maltase deficiency

S Spinal cord disease: ischemia, compression, trauma, vasculitis, demyelination
C Critical illness myopathy, critical illness polyneuropathy

L Loss of muscle mass: cachectic myopathy, rhabdomyolysis

E Electrolyte disorders: hypokalemia, hypophosphatemia, hypermagnesemia

S Systemic illness: porphyria, AIDS, vasculitis, paraneoplastic syndromes,
toxic disorders

as well as patient discomfort during the test, still pose
considerable challenges."*’

Electroneurography is reproducible and easy to
perform at the bedside.*® A motor response is induced
by transcutaneous stimulation of a peripheral nerve, and
compound muscle action potentials (CMAPs) from the
corresponding distal muscle are recorded. To calculate
motor nerve conduction velocity, stimulation at two
points along the nerve is required. Sensory or mixed
nerve action potentials are obtained by stimulation of a
sensory or mixed nerve, respectively, with recording elec-
trodes being placed distal or proximal to the stimulating
electrode. Distal motor and sensory latencies, motor and
sensory conduction velocity, amplitude (onset to nega-
tive peak) of CMAPs and nerve action potentials, and
waveforms of these potentials are all measured.*®

Abnormalities in motor and sensory nerve conduc-
tion point to a neuropathic process. As CIP is a primary
axonal neuropathy, CMAP and nerve action potential
amplitudes are characteristically reduced, whereas
conduction velocity, distal motor latencies and responses
to repetitive nerve stimulation are normal.>!* In
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Figure 1 | Direct muscle stimulation. Stimulating and recording electrodes are
both placed in the muscle so that compound muscle action potentials can be
obtained even if the nerve is damaged, as in the neuropathy example shown
here. In the case of myopathy, compound muscle action potentials are reduced
or absent after both conventional stimulation through the nerve and direct
muscle stimulation.

addition, a sensory conduction examination might
show decreased sensory nerve action potential (SNAP)
amplitudes, which confirms the presence of a poly-
neuropathy. The SNAP amplitude can, however, be artifi-
cially reduced by the presence of subcutaneous edema,
which enhances the distance between the recording elec-
trode and the underlying nerve.* Tissue edema typically
affects the lower limbs predominantly, so a decrease in
SNAP amplitudes in the upper limbs is more suggestive
of a polyneuropathy than is the presence of decreased
sensory responses in the legs.”>"!

Electromyography is performed by inserting a mono-
polar or bipolar needle electrode into selected muscles.
The standard procedure involves three steps.*’ In the
first step, spontaneous and insertion activity is assessed.
Needle electrode insertion into a normal muscle at rest
induces a brief burst of insertion activity, but no obvious
spontaneous activity. The presence of fibrillation poten-
tials and positive sharp waves indicates denervation or
myonecrosis, both of which separate muscle fibers from
their end-plate zone.

In the second step, low-threshold, semi-rhythmically
firing motor unit potentials (MUPs) are recorded on
slight voluntary activation of the muscle. The dura-
tion, amplitude, and number of phases of the MUPs are
assessed. In myopathic disorders, MUPs are short and
of low amplitude, and can also show marked polyphasia
owing to reduced synchronization of myocyte action
potentials within the motor unit.

The third step assesses the response to maximum
voluntary contraction. Increasing the force of voluntary
contraction increases the firing rate of MUPs and pro-
duces systematic recruitment of additional MUPs. In
healthy individuals, a large number of overlapping
MUPs are recorded at maximum effort, creating a so-
called interference pattern. Loss of functional motor
units with axonal injury (as occurs in CIP) or conduc-
tion block produces a reduced recruitment-interference
pattern. Individuals with myopathic diseases such as
CIM have the normal complement of motor units but
reduced numbers of functional muscle fibers, which
results in a normal interference pattern with decreased
amplitude. Recruitment of a large number of MUPs with
weak voluntary force (early recruitment) is characteristic
of a myopathic pattern.

Unfortunately, standard nerve conduction tests and
electromyography often have insufficient specificity for
differentiating between polyneuropathy and myopathy
in critically ill patients. This difficulty can be attributed
to several factors.”> First, CIP and CIM both lead to a
reduction in the amplitude of the CMAPs, and in both
conditions fibrillation potentials and/or positive sharp
waves can be seen, indicating denervation or primary
muscular problems. Second, the voluntary recruitment
of motor units is often impossible because the muscle is
too weak, or the patient is sedated or unable to cooperate
for other reasons. Last, the use of SNAP alterations to
discriminate neuropathies from myopathies can be
problematic because many patients have peripheral
edema, as discussed above.

To overcome these problems and to clearly differen-
tiate between CIP and CIM, the concept of ‘direct muscle
stimulation” has recently been introduced into clinical
practice (Figure 1).°>5*7 In this technique, which can
be applied in sedated patients at the bedside, CMAPs
are measured after nerve stimulation (neCMAPs) and
direct muscle stimulation (dmCMAPs). By analyzing the
amplitudes of the two responses, a mathematical ratio
between neCMAP and dmCMAP can be calculated. An
neCMAP:dmCMAP ratio 21 suggests either myopathy
or a normal clinical picture. Differentiation between
CIM and normal muscle function can easily be accom-
plished on the basis of the absolute value of the dmCMAP
amplitude—myopathy causes a loss of electrically excit-
able muscle, leading to a reduction in the dmCMAP
amplitude. A neCMAP:dmCMAP ratio <1 indicates
the presence of neuropathy. In patients with CIPNM,
ratios >0.5 are characteristically observed. In such cases,
dmCMAPs are depressed, and the reduction of neCMAPs
depends on the extent to which axons are affected.*

Despite this promising approach, CIM still cannot be
detected in all cases. In pure proteolytic or necrotic forms
of this condition, for example, the remaining muscle
fibers can present normal membrane excitability.>>3¢
Furthermore, direct muscle stimulation is technically
demanding and has been used only in a few centers
to date.
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Figure 2 | Pathophysiological mechanisms of acquired muscular weakness. The network of proposed pathophysiological
mechanisms involved in the development of critical iliness polyneuropathy and myopathy is shown. Permission obtained
from Biomed Central Ltd © Hermans, G. et al. Crit. Care 12, 238-246 (2008).

Histopathological features

For definitive diagnosis of CIM, muscle biopsies are
considered to be the gold standard.'®!>** However, this
procedure is highly invasive, and cannot, therefore, be
applied to all patients, especially considering the high
incidence of CIM.

Three subtypes of ICU-acquired myopathies have been
morphologically described that are often grouped together
as acute quadriplegic myopathy.®*-* Thick filament myo-
pathy is the most common form of ICU-acquired myo-
pathy, and is characterized by selective proteolysis and
loss of myosin filaments. In minimal change or cachec-
tic myopathy, the muscle fibers show caliber variations,
angulations, internalized nuclei, rimmed vacuoles, fatty
degeneration, and fibrosis. Necrotizing myopathy is
characterized by muscle fiber vacuolization and phago-
cytosis of myocytes. The question of whether apoptotic
myopathy is an independent histopathological subtype of
CIM remains unanswered.'

In patients with CIP, histopathological studies have
detected morphological signs of axonal degeneration
in both motor and sensory nerve fibers, resulting in
extensive denervation atrophy of limb and respiratory
muscles.” Furthermore, angular atrophy of isolated scat-
tered muscle fibers has been observed as part of an acute
denervation process.”!83664

Risk factors
Numerous studies have been carried out to attempt to
identify critically ill patients who are at risk for CIM

and CIP>36>-% These trials uniformly concluded that
sepsis, systemic inflammatory response syndrome, and
multiorgan failure are crucial premises for the occurrence
of both of these neuromuscular disorders. Various addi-
tional factors have been identified as independent risk
factors for CIP and CIM. These factors include female
sex,!'* severe illness,**” long duration of organ dys-
function,' renal failure and renal replacement therapy,”
hyperosmolarity,” parenteral nutrition,”® low serum
albumin,’ an extended ICU stay,'*? vasopressor and
catecholamine support,? and central neurological failure
(septic encephalopathy).” Hyperglycemia also has been
identified as an independent risk factor for acquired mus-
cular weakness, with important potential implications in
terms of prevention.?-13471

The effects of long-term application of neuromuscular
blocking agents and corticosteroids on neuromuscular
function have been discussed in light of controversial
results from a number of prospective studies.!>!*246772
However, CIM has been reported to occur in patients
who are receiving only one or neither of these agents, so
use of these drugs is not considered to be a prerequisite
for the development of CIM, CIP or both.

Pathophysiology
The various pathophysiological mechanisms that have
been proposed to underlie the development of CIP and
CIM are outlined in Figure 2.

The pathophysiology of CIP is complex and still not
understood in detail.”>”* Sepsis-related alterations in the
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microcirculation of peripheral nerves, probably medi-
ated by enhanced expression of E-selectin in the vascular
endothelium, were suggested to be crucial events.®
Furthermore, cytokines might alter vasoregulation and
increase microvascular permeability. As a result, endo-
neural edema progressively develops and induces hypo-
xemia and energy depletion; for example, by increasing
intercapillary distance. Consequently, primary axonal
degeneration might occur as a result of a severe deficit in
energy supply. Hyperglycemia and the ensuing increased
passive uptake of glucose might also contribute to neural
bioenergetic failure, causing increased generation and
deficient scavenging of reactive oxygen species (ROS).

Leakage of capillaries and enhanced permeability have
been suggested to facilitate the passage of neurotoxic
factors into the endoneurium. In addition, endothelial
cell-leukocyte adhesion and extravasation of activated
leukocytes are promoted by the septic state, with local
cytokine production occurring in the endoneural space.
In this context, direct toxic effects of cytokines on periph-
eral nerves as well as the existence of a specific ‘neuro-
toxic factor’ have been postulated, both of which could
alter the excitability of axonal membranes.*

The pathophysiology of CIM has not yet been com-
pletely elucidated.”>”> Muscle contraction is the result of
numerous cellular and subcellular events, ranging from
membrane excitation, intracellular calcium release and
subsequent rises in myoplasmic calcium to the initiation
of ATP-dependent cross-bridge cycling.'” Consequently,
impairment of this cascade at various steps produces
muscle weakness as a common symptom. Recent data
unanimously point towards the idea that metabolic,
inflammatory and bioenergetic alterations, as well as
protein catabolism and muscle wasting, are involved in
the pathogenesis of CIM."

The probable ‘physiological’ aim of muscular protein
breakdown during sepsis is to supply the increased need
for amino acids (especially glutamine); for example,
for gluconeogenesis and the synthesis of acute-phase
proteins in the liver. Proteolytic pathways, such as the
ubiquitin-proteasome, calpain and lysosomal path-
ways, are activated by proinflammatory cytokines (for
example, tumor necrosis factor [TNF], interferon y
[IFN-y], interleukin [IL]-1 and IL-6) and an increased
rate of apoptosis.”*”’ This protein degradation selec-
tively targets the myosin heavy chains that consti-
tute ~40% of the myofibrillar protein content of adult
muscle.'’ Intriguingly, other myofibril proteins, such as
troponin T, tropomyosin and actin, remain unaffected.
The ATP-dependent ubiquitin-proteasome system was
formerly considered to be the primary cause of myo-
fibril breakdown.®-%2 Recent data show, however, that
intact myofibrils cannot be degraded by this pathway,
so calcium-dependent proteases such as calpain are now
suggested to have a predominant role in the initial phase
of protein breakdown. In a second step, proteins are
further processed by the proteasome. Decreased levels
of anabolic hormones and increased levels of catabolic

hormones might contribute to myofilament loss and
apoptosis in this situation.! TNF and IFN-y inhibit
intrinsic repair mechanisms through suppression of the
MYODI gene, which is essential for the differentiation of
newly formed myotubes.* As a result, total amino acid
concentrations—especially glutamine levels—decrease
within skeletal muscle tissue.”

Another potential mechanism in the pathogenesis of
CIM is an acquired channelopathy, which frequently
results in hypoexcitability or inexcitability of muscle
cell membranes.®*” In the first phase of sepsis, high
levels of proinflammatory cytokines stimulate the
hypothalamus-pituitary axis, thereby temporarily increas-
ing endogenous corticosteroid concentrations. However,
adrenal insufficiency can subsequently develop, thereby
causing the cytokine:corticosteroid ratio to increase as a
result of a drop in corticosteroid levels.'® Inactivation of
sodium channels at the resting potential and a shift in the
voltage dependence of channel inactivation are suggested
to result from these sepsis-related events.®> Furthermore,
impaired expression of nitric oxide synthetases could
contribute to reduced muscle membrane excitability,
as nitric oxide is involved in maintaining the resting
potential of myocytes.® Recent experimental data have
shown that alterations in the excitation—contraction cou-
pling process, as well as in the regulation of intracellular
calcium homeostasis by the sarcoplasmic reticulum, are
also involved in the pathogenesis of CIM.* The existence
of a myotoxic serum factor, which would have additional
effects on the excitability of muscle fiber membranes, has
been postulated.”

Further mechanisms that are suggested to contri-
bute to the pathogenesis of CIM are bioenergetic and
metabolic breakdowns.! As mentioned above, hepatic
gluconeogenesis is increased during sepsis despite
hyperglycemia and elevated insulin levels.” This phe-
nomenon can be explained by a relative hepatomuscular
insulin resistance, which results in impaired mito-
chondrial function and ATP depletion, thereby creat-
ing ‘cytopathic hypoxia’ in the myocytes.***"%2 Activation
of the ubiquitin-proteasome pathway and induction of
nitric oxide synthetase further decrease intracellular
ATP levels in this situation. In turn, nitric oxide over-
production inhibits the respiratory chain (especially
complexes I and IV), thereby increasing mitochondrial
release of ROS. As a consequence, intracellular levels
of antioxidants—especially glutathione—decrease,
and levels of ROS rise, with a disastrous impact on
the structural integrity of the myocytes. In addition,
mitochondrial release of cytochrome C could act as a
proapoptotic signal.”>%

Good evidence exists that immune mechanisms are
also involved in the pathogenesis of CIM, as activated
leukocytes producing proinflammatory and anti-
inflammatory cytokines infiltrate the skeletal muscle
during sepsis.'

The exact roles of corticosteroids and NMBAs in CIM
are not clearly understood.”** Experimental data show
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that muscle damage can be attenuated by administration
of specific muscle corticosteroid receptor antagonists,
which indicates that sepsis-induced muscle changes
are mediated, at least partly, by endogenous cortico-
steroids.”” Long-term application of nondepolarizing
NMBAs is suggested to cause muscular weakness by
upregulating juvenile acetylcholine receptors (which
have lower acetylcholine sensitivity than the adult
receptors) and by impairing neurotransmitter release.®”
Furthermore, NMBAs increase the quantity of myo-
plasmic corticosteroid receptors, thereby sensitizing
muscle cells to the effects of catabolic corticosteroids.”>*’
Another theory is that increased capillary permeability
allows NMBAs to cross the muscle membrane and exert
direct toxic effects on muscle cells or cause functional
denervation of muscle.”

Functional denervation could represent the patho-
genetic link between CIP and CIM."? Muscle damage
has been shown to be markedly enhanced if limbs
are denervated before exposure to corticosteroids.
It remains to be established whether CIP and CIM
represent different manifestations of a single patho-
physiological mechanism in which sepsis triggers
membrane inexcitability of nerves, skeletal muscles and
other tissue types.®*?

Preventive and therapeutic approaches

On the basis of pathogenetic considerations, several
therapeutic strategies have been proposed for the pre-
vention of CIP and CIM."'*!2 These strategies include
nutritional interventions, supplement and antioxidant
therapy (for example, substitution of glutamine, argi-
nine, nucleotides or omega-3 fatty acids), and the
application of testosterone derivates, growth hor-
mones and immunoglobulins.'**3347° None of these
approaches has actually been shown to have beneficial
effects on muscle function, however, so there is, as yet,
no specific therapy for the treatment of CIM and CIP.
Consequently, only preventive and supportive measures
can currently be recommended.” The aggressive treat-
ment of sepsis—the most important risk factor—has
highest priority in terms of reducing the incidence of
CIM and CIP. Furthermore, NMBAs and corticosteroids
should be used at minimal doses for as short a period as
possible, although ‘stress doses’ of steroids (<250 mg per
day) are not suggested to induce CIM."

The effects of intensive versus conventional insulin
therapy have been prospectively studied in surgical
and medical ICU patients.’**"** Subanalyses showed
that intensive insulin therapy reduced the collective
incidence of CIM and CIP from 49% to 25% in surgi-
cal ICU patients, and from 51% to 39% in medical ICU
patients. Furthermore, the rate of extended mechanical
ventilation (>2 weeks) was markedly reduced in both
settings. Multivariate analysis unequivocally attributed
the decreased incidence of CIM and CIP to intensive
insulin therapy (aiming at glycemia of 80-110 mg/dl
[4.440-6.105 mmol/1]).?” Concerns have been raised,

however, regarding safety, risk of hypoglycemia, and
limitations of the diagnostic methods used in these
trials, and these results have not yet been confirmed in
alarger population.

There are some indications that early mobilization
and physiotherapy could improve outcomes in patients
with CIP or CIM, but this possibility is still open
to debate.””

Prognosis
CIM and CIP both have a strong bearing on outcomes
for critically ill patients, as both disorders are associ-
ated with an increased length of stay on the ICU and
in hospital overall, and with elevated mortality rates.!
Spontaneous recovery occurs within weeks in mild cases
and within months in severe cases, but can be incom-
plete or not occur at all in some patients.”®*® Complete
recovery has been reported in over 50% of patients with
CIP and/or CIM, although rehabilitation is markedly
impaired after ICU treatment for 4 weeks or more.?*!*
Unrecordable CMAPs have been postulated to be a
predictor of sustained functional disability, and clini-
cal and neurophysiological signs can be present for up
to 5 years.!® Among the most severe cases, approxi-
mately one-third of surviving patients are thought to
remain severely disabled with tetraparesis, tetraplegia
or paraplegia, and to experience substantial impairment
of quality of life.”®

One issue that remains controversial is the question of
whether the differentiation between CIP and CIM has
any influence on the prognosis for patients in an ICU.
The results of an Italian, 1-year, multicenter prospective
cohort study of patients with CIM, CIP or CIPNM were
published in 2008." In this study, known as CRIMYNE
(CRitical Illness MYopathy and/or Neuropathy), the
outcomes in 28 patients suggested that CIM has a better
prognosis than CIP, given that out of four CIP patients
followed for 1 year, only one recovered, whereas five out
of six patients with CIM recovered completely within
6 months. The number of patients was, however, too
small for definite conclusions to be drawn.

Conclusions
Acquired muscular weakness due to CIM and CIP is a
severe and costly complication, the incidence of which
continues to increase in ICUs. Characteristically, CIP
and CIM delay weaning from the ventilator, com-
promise rehabilitation, and are associated with increased
hospital and ICU stays and elevated mortality rates.
Clinical examination, electrophysiological tests and—in
rare cases—nerve and muscle biopsies are required
to diagnose these neuromuscular disorders, and to
clearly differentiate CIP from CIM. Experimental and
clinical studies suggest complex and multifactorial
pathophysiologies for both disorders.

Until recently, no therapeutic measures had been shown
to be effective in lowering the incidence of CIP and CIM.
Interestingly, however, intensive insulin therapy seems
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to significantly reduce the electrophysiological incidence
of these conditions, as well as the duration of mechani-
cal ventilation and 180-day mortality, in patients in both
surgical and medical ICUs.* Nevertheless, concerns have
been raised over the general safety of this approach and
the risk of hypoglycemia, as well as limitations of the
diagnostic methods used in these trials. Future studies
must aim to define strict diagnostic criteria for CIP and
CIM, and to evaluate a range of interventions to prevent
acquired polyneuropathy and myopathy in patients who

are critically ill.
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