
The development of neuromuscular weakness in the 
setting of critical illness has been increasingly apparent 
over the past two decades. Such a disorder frequently 
contributes to prolonged ventilator dependence, as well 
as increased morbidity and costs. A newly acquired 
neuromuscular cause of weakness has been found in 
30% to 85% of critically ill patients [1–5, 6•, Class II]. 
Two distinct syndromes commonly develop as a conse-
quence of critical illness: critical illness polyneuropathy 
(CIP) and critical illness myopathy (CIM).

CIP
A polyneuropathy commonly develops in intensive care 
unit (ICU) patients with sepsis and multiorgan failure. 
In several studies [7–10, Class III], the authors charac-
terized the clinical, electrophysiologic, and pathologic 
features of this distinctive form of acute polyneuropathy 
and called it CIP. CIP was convincingly shown to be a 

distal sensory and motor axonal neuropathy, differing 
from the Guillain-Barré syndrome on electrophysiologic 
and morphologic studies.

The clinical features of CIP are distally predominant 
quadriparesis and failure to wean from mechanical 
ventilation, which may be the first recognized mani-
festation. Reflexes are reduced, and sensory loss can 
be present but is usually difficult to demonstrate in 
patients unable to cooperate with the examination due 
to coexistent encephalopathy or sedation. Cranial nerve 
involvement is rare and should suggest the possibility of 
another neurologic disorder.

Electrophysiologic and pathologic studies of CIP 
reveal an axonal neuropathy [7–11, Class III]. Nerve con-
duction studies are characterized by reduced motor and 
sensory response amplitudes. Repetitive nerve stimulation 
studies of neuromuscular transmission are unremarkable. 
Needle electromyelogram (EMG) examination of limb 
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Opinion statement

Newly acquired neuromuscular weakness commonly develops in the setting of 

critical illness. This weakness delays recovery and often causes prolonged ventila-

tor dependence. An axonal sensory-motor polyneuropathy, critical illness poly-

neuropathy (CIP), is seen in up to a third of critically ill patients with the systemic 

inflammatory response syndrome (usually due to sepsis). As frequently, or more so, 

an acute myopathy, critical illness myopathy (CIM), develops in a similar setting, 

often in association with the use of corticosteroids and/or nondepolarizing neuro-

muscular-blocking agents. This paper reviews the clinical features, diagnostic 

approach, and treatment of CIP and CIM. There are no specific pharmacologic 

treatments for CIP or CIM, but recognizing the presence of one of these disorders 

often improves management. Prevention of CIP and CIM is feasible in part by 

avoiding risk factors and by aggressive medical management of critically ill pa-

tients. Intensive insulin therapy in intensive care unit patients appears to reduce the 

likelihood of developing CIP and/or CIM. Future treatments of sepsis may further 

reduce the incidence of these neuromuscular consequences of critical illness.

Introduction
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muscle at rest often is notable for spontaneous activity 
(fibrillation potentials and positive sharp waves). With 
voluntary muscle activation of significantly weak mus-
cles, motor unit potentials are recruited with an increased 
recruitment ratio. These EMG features are consistent with 
acute axonal loss. Nerve biopsy and postmortem autopsy 
studies also have shown acute axonal sensory-motor 
neuropathy. The pathology is that of axonal degenera-
tion of both sensory and motor fibers without evidence 
of significant inflammation or of primary demyelination 
[7–9, Class III].

The pathogenesis of CIP is largely speculative. No 
specific toxin, infectious agents, or nutritional deficien-
cies have been identified in this disorder. The current 
view is that cytokines and free radicals associated 
with systemic inflammatory response syndrome (SIRS) 
adversely affect the microcirculation, producing endo-
neurial hypoxia and ultimately distal axonal degen-
eration [12, Class III]. This view seems to be supported 
by the finding that critically ill patients with a high 
Acute Physiology and Chronic Health Evaluation III 
(APACHE-III) score and SIRS are most prone to the 
development of CIP [4,5,6•, Class II].

CIM
CIM was first described in patients treated with high-
dose corticosteroids and neuromuscular-blocking agents 
(NMBAs) for status asthmaticus. These drugs have been 
widely used in the ICU setting for other disorders and 
are risk factors for CIM (see following text) in all criti-
cally ill patients. Sepsis, and the resultant SIRS, also play 
a role in the development of CIM. CIM occurs in septic 
patients who have not received corticosteroids and/or 
NMBAs [13–16, Class III].

As is the case with CIP, the clinical presentation of 
CIM is that of limb and respiratory muscle weakness 
that develops acutely but is often difficult to recognize 
early due to coexistent encephalopathy or sedation. 
The weakness is usually not in a strictly length-related 
pattern, in which distal muscles are weakest, as in the 
case in CIP. In patients with CIM, there is generally as 
much proximal limb weakness as there is distally. Neck 
and cranial muscles may be involved on occasion, but 
prominent facial weakness or ophthalmoparesis should 
suggest the existence of another disorder. Sensation 
is spared but often cannot be evaluated. Reflexes are 
decreased in parallel with the decrease in strength.

Electrophysiologic studies in patients with CIM 
differ from the findings in most myopathies in that 
nerve conduction studies show a decrease in compound 
muscle action potential amplitudes [11,16–18, Class III]. 
Generally, there is preservation of sensory nerve action 
potential amplitudes. The motor response amplitudes 
increase during clinical recovery of strength. As with 
CIP, sensory and motor response conduction velocities, 
as well as distal motor and F-wave latencies, are normal. 

Repetitive nerve stimulation studies do not show an 
abnormality of neuromuscular transmission. On EMG 
examination, abnormal spontaneous activity, in the 
form of fibrillation potentials and positive sharp waves, 
is often seen in varying degrees. With voluntary muscle 
activation of significantly weak muscles, one generally 
sees small-amplitude, short-duration motor unit poten-
tials with early full recruitment [11, Class III].

Many patients who develop CIM are unable to vol-
untarily activate motor unit potentials due to profound 
encephalopathy, sedation, or weakness. In patients who 
cannot sufficiently activate motor units to be character-
ized by EMG, there may be a role for examining muscle 
membrane excitability using the technique of direct 
muscle stimulation. Muscle membrane inexcitability 
can be demonstrated by direct stimulation of muscle in 
patients with CIM [17–21, Class III]. In contrast, muscle 
is easily excitable by this technique in patients with 
CIP and other acute and chronic neuropathies. Serial 
studies by this technique in patients with CIM have 
shown recovery of muscle membrane excitability as 
strength improves and the compound muscle action 
potential amplitudes increase.

The serum creatine kinase (CK) is increased in only 
approximately 50% of reported patients, and usually 
only slightly [11, Class III]. Muscle biopsy often shows 
a characteristic patchy loss of myosin thick filaments. 
This is the hallmark pathologic finding of CIM and has 
led some to call this disorder “thick-filament myopathy” 
[22, Class III]. This characteristic pathologic finding of 
myosin loss can be seen in up to 78% of those with CIM 
[16, Class III]. A spectrum of other findings, mostly non-
specific abnormalities such as myofiber size variability or 
atrophy (especially of type 2 fibers), is found in CIM.

The mechanisms involved in the development of 
CIM are likely multifactorial [11, Class III]. The use of 
nondepolarizing NMBAs and corticosteroids may result 
in myosin loss and changes in other structural proteins 
through several mechanisms. Both inactivity and sepsis 
can increase the ubiquitin-proteasomal–mediated prote-
olysis induced by corticosteroids. The upregulation of cor-
ticosteroid receptors due to immobilization may increase 
muscle fiber susceptibility to the myotoxic effects of 
steroids. Inactivity due to sedation or denervation due to 
coexistent CIP may play a role similar to that of NMBAs. 
Sepsis may alter the muscle bioenergetic machinery, with 
unknown deleterious effects. Impaired muscle membrane 
excitability probably plays a more significant role in pro-
ducing weakness in the acute stage. Muscle membrane 
inexcitability is likely due to abnormal sodium channel 
inactivation [23••].

DIFFERENTIATION OF CIP FROM CIM
There is a large heterogeneous group of patients who 
have clinical and electrodiagnostic features common to 
both disorders and are not as easy to classify as strictly 
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TreatmentTreatment
There is no specific pharmacologic treatment for CIP or CIM. Neverthe-
less, the first step, recognizing the presence of one of these disorders, 
often improves management. Prevention of CIP and CIM is feasible in 
part by avoiding risk factors and by aggressive medical management of 
critically ill patients. Intensive insulin therapy in ICU patients appears to 
reduce the likelihood of developing CIP and/or CIM. Future treatments 
of sepsis may further reduce the incidence of these neuromuscular conse-
quences of critical illness.

Recognition of CIP and/or CIM

Recognition that significant limb weakness, or the inability to wean the 
patient from mechanical ventilation, is due to an ICU-acquired neuro-
muscular cause is helpful in several ways. It may prevent unnecessary 
investigative studies, such as extensive brain or spinal cord imaging. The 
ICU staff will be aware that weaning from the respirator may be slowed 
considerably, and extubation may be appropriately delayed until respira-
tory muscle strength is adequate.

CIP or CIM [11, Class III]. The clinical presentation 
of both disorders is dominated by limb weakness that 
develops in the ICU and a delay in weaning the patient 
from mechanical ventilation. On electrophysiologic 
examination, one typically observes findings common to 
both disorders, the presence of fibrillation potentials and 
reduced compound muscle action potential amplitudes, 
the studies most easily performed in the ICU setting. 
Sensory nerve conduction studies are often hampered 
by technical factors, or the sensory responses may be 
low amplitude due to preexistent polyneuropathy. The 
assessment of motor unit potential morphology and 
recruitment is often limited by the patient’s encephalo-
pathy or concurrent sedation. Direct muscle stimulation 
may be helpful, but the technique is not widely used, 
and specific diagnostic criteria for this technique have 
not been formally established. Muscle biopsy can help 
differentiate CIM from a neurogenic disorder in some 
patients, but often a confident pathologic diagnosis 
cannot be made.

Given the limitations in differentiating CIM from 
CIP, suggested criteria for CIP and CIM have been pro-
posed (Tables 1 and 2). However, the risk factors for 
both disorders overlap (see following text), and many 
patients have a variable combination of both disor-
ders, making a distinction impossible. The recognition 
that the cause of acquired limb weakness in the ICU is 
due to CIP, CIM, or a combination of both in practice 
is as useful as providing a definitive diagnosis of one 
versus the other.

RISK FACTORS FOR CIP AND CIM
The major risk factor for the development of CIP is the 
presence of SIRS [24,25]. SIRS is a systemic response 
that occurs as a result of infection or other injuries, such 

as burns or trauma. The term sepsis is used when SIRS 
occurs in the setting of infection. Witt et al. [1, Class II] 
performed a prospective study of patients with sepsis 
and multiorgan failure and demonstrated clinical CIP in 
35%. Lacomis et al. [3, Class II] evaluated 92 patients in 
the ICU over a 4.5-year period. In those who developed 
acute weakness, the most common cause was myopathy 
(42%), with an acute neuropathy (CIP) in 13%.

In the setting of critical illness, the greatest risk factors 
for the development of CIM are high-dose corticosteroids, 
usually a total dose of 1000 mg of methylprednisolone 
or the equivalent [26], and nondepolarizing NMBAs. It 
is thought that CIM is more likely develop with the use 
of higher total doses of NMBAs and corticosteroids. In a 
prospective study of patients after liver transplantation, 
CIM was identified in 7% [27, Class II]. It was found 
that CIM was more likely to develop with higher corti-
costeroid doses and a greater severity of critical illness, 
as measured by the APACHE-II score. All patients had 
received NMBAs, but generally in low doses and only in 
the operative setting. Sedative drugs widely used in the 
ICU, such as propofol, also may be risk factors for CIM 
[28]. Sepsis, and the resultant SIRS, also appear to be the 
sole risk factor in some patients. CIM has been reported in 
some septic patients who have not received corticosteroids 
and/or NMBAs [3, Class II; 14,15,18, Class III].

Three large prospective studies (61–95 patients) have 
examined risk factors for the development of neuromus-
cular weakness in critically ill patients [4,5,6•, Class II]. 
These investigators avoided the problem of defining or 
distinguishing between CIP and CIM by combining them 
in some fashion as an endpoint. All agree that measures 
of illness severity (APACHE-III score, presence of SIRS, 
or organ failure assessment scores) correlate with the 
development of CIP/CIM.
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The timely identification of these disorders provides important prog-
nostic information and provides a realistic timeline for recovery of 
strength and ambulation. The absence of limb movement in a coma-
tose patient may suggest to the ICU staff that irreversible brain injury 
may have occurred. The identification of CIP and/or CIM as the cause 
of the weakness avoids placing an erroneously pessimistic prognosis 
on such patients. This aids both the ICU staff and the patient’s family 
in making the appropriate decisions based on a much more favorable 
neurologic prognosis. There is a high mortality rate in these patients, 
but this is primarily due to the underlying critical illness. Patients who 
survive the period of critical illness usually recover from the acquired 
neuromuscular disorder. Virtually all of the patients with CIM recover 
fully, usually over 1 to 3 months. Those with CIP follow a similar 
course, except for patients with severe axonal loss who have persistent 
distal sensory and motor deficits.
Although patients generally recover from CIM and CIP, these disorders 
do significantly affect the hospital course. In a prospective study of liver 
transplant patients, Campellone et al. [27, Class II] found that the mean 
time in the ICU for those with CIM was 49 (±36) days but only 14 (±14) 
days for those without CIM. This difference was mostly due to the longer 

Table 1. Suggested diagnostic criteria for critical illness polyneuropathy

1. The patient is critically ill (sepsis and multiorgan failure)

2. Limb weakness is present

3. Difficulty weaning the patient from mechanical ventilator support, 
and cardiac and pulmonary causes have been excluded

4. Electrophysiologic evidence of an axonal sensory-motor neuropathy

5. Under the appropriate clinical circumstances, other causes of acute neuropathy 
  should be excluded, such as porphyria, acute massive intoxications from 
  arsenic or thallium, and fulminant vasculitis

 (Adapted from Bolton [32••, Class III].)

Table 2. Suggested diagnostic criteria for critical illness myopathy* 

1. The patient has had a variable combination of nondepolarizing neuromuscular-
  blocking agents, corticosteroids, and sepsis

2. Limb weakness is present

3. Difficulty weaning the patient from mechanical ventilator support, 
and cardiac and pulmonary causes have been excluded

4. Electrophysiologic studies

A. Preserved sensory responses (sensory nerve action potentials > 80% lower 
    limit of normal)

B. Reduced motor responses (compound muscle action potential amplitudes 
  < 80% lower limit of normal in two or more nerves without conduction block)

C. Normal repetitive nerve stimulation studies

D. Needle electromyelogram with short-duration, low-amplitude motor unit 
  potentials with early full or normal recruitment, with or without 
  fibrillation potentials

E. Demonstration of muscle inexcitability with direct muscle 
stimulation techniques

5. Muscle biopsy that demonstrates myopathy with myosin loss

*For the clinical diagnosis of critical illness myopathy, patients should have features 1–3, 
4A–C, and one of the following: 4D, 4E, or 5. 
(Adapted from Lacomis et al. [26].)
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time on mechanical ventilation. Others have found that the time spent on 
mechanical ventilation is approximately twice as long for those with CIP 
and/or CIM, compared to those without the diseases [29•,30•, Class II].
Recovery from CIM is generally excellent. David et al. [31, Class III] 
found that all patients with CIM had recovery to near-complete or 
complete functional independence within 1 month of extubation. They 
found that the rate of recovery did not correlate with the severity of the 
electrophysiologic abnormalities or the degree of serum CK elevation.
Neurologic recovery from CIP is a bit more variable, although overall 
good. As with recovery from the Guillain-Barré syndrome, recovery 
in CIP depends on the degree of axonal degeneration and the distance 
over which nerve regeneration must occur. In severe cases of CIP with a 
significant amount of axonal loss, the recovery time is longer [1, Class II; 
32••, Class III] and distal motor and sensory deficits may persist indefi-
nitely [33••,34, Class II]. However, persistent long-term deficits that 
preclude ambulation are uncommon [34, Class II].

Avoidance of risk factors

The major risk factor for CIP, and one that plays an important role in 
CIM as well, is SIRS. Treating the underlying medical disorders and infec-
tions is always the goal of the ICU staff. Success in that regard certainly 
reduces the severity of critical illness and thus reduces the major risk fac-
tor for the development of CIP and CIM. There are no specific measures 
to avoid the effects of SIRS. However, different strategies may be used in 
the future to treat or block the deleterious effects of sepsis and SIRS 
(see the section regarding other nonspecific therapies).
Risk factors for CIM include nondepolarizing NMBAs and cortico-
steroids, often used in the setting of sepsis. Prevention of CIM may be 
achieved in part by judicious use of these drugs. This includes limiting 
the use of NMBAs, particularly continuous infusions for long periods. 
There have been guidelines developed to restrain excessive NMBA use 
in the ICU [35,36, Class III]. They should be used in select cases, such as 
treatment of patients who are difficult to ventilate, only when all other 
means have been exhausted [37, Class III].
Avoidance of high-dose corticosteroids also may be wise, except in 
patients with specific medical or autoimmune disorders in which cortico-
steroids have been shown to have a significant reduction in morbidity or 
mortality. For example, studies that examine the benefits, or lack thereof, 
of corticosteroids in critically ill patients may help guide their use. The 
use of corticosteroids in patients with persistent acute respiratory distress 
syndrome (ARDS) does not improve the mortality rate but does pro-
duce an increased rate of neuromuscular weakness [38, Class I]. In one 
randomized trial of 180 patients with ARDS of at least 7 days’ duration, 
10% of patients treated with corticosteroids developed a serious adverse 
event associated with neuropathy or myopathy, but none did in the 
untreated group.

Pharmacologic therapies for CIM and CIP

No specific treatment has been established for CIP or CIM.
In a small pilot trial of three patients with established CIP, high-dose 
intravenous immunoglobulin (IVIG) did not appear to alter the clinical 
course [39, Class III].
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Whether early treatment with IVIG at the time of diagnosis of sepsis 
would mitigate the development of CIP or CIM in some patients is 
uncertain but has been suggested as a possibility. A retrospective study of 
33 patients suggested that early treatment of gram-negative sepsis may 
prevent the development of CIP [40, Class II]. Further prospective studies 
are needed to determine if IVIG indeed plays a beneficial role.

Insulin therapy in critically ill patients

Insulin therapy in the ICU significantly reduces the mortality rate of 
critically ill patients [41, Class I]. Intensive insulin therapy, aimed at 
maintaining blood glucose levels below 6.1 mmol/L, has been shown 
to result in a 50% reduction in the incidence of CIP and/or CIM in 
one study [42••, Class I]. The authors performed weekly EMG studies 
in 405 patients in the ICU for more than 7 days who were random-
ized to insulin therapy or conventional care. They found an incidence 
of CIP/CIM in 49% in the conventional treatment arm, versus 25% 
in the insulin therapy cohort. The prevention of CIP/CIM explained 
the ability of intensive glucose control to reduce the risk of prolonged 
mechanical ventilation.
Indirect support for the potential preventive strategy of intensive 
glucose control comes from the examination of risk factors. In one 
prospective study of 95 critically ill patients, mean serum glucose was 
significantly increased at 360 mg/dL in those who developed CIM/CIP, 
versus 239 mg/dL in those who did not [5, Class II].

Other nonspecific therapies

As with other acute neuromuscular disorders, physical therapy and 
rehabilitation play an important role. Physical therapy should be 
started early in the course, with light exercises and stretching at first 
to maintain joint mobility and prevent contractures. As the patient 
improves, strengthening exercises are advanced, and the program of 
rehabilitation is matched to the patient’s needs. Once the patients 
recover medically, those with severe CIP and CIM generally benefit 
from a stay in an inpatient rehabilitation unit. The proper rehabilita-
tion strategies needed to improve functional outcome have not yet 
been established [43, Class III].
Some have suggested that nutritional factors may play a role by aug-
menting the deleterious effect of sepsis on peripheral nerve. However, 
studies to date have not demonstrated a statistical relationship be-
tween parenteral or enteral nutrition and the development of CIP 
[32••, Class III].
In the future, new therapeutic approaches to improve survival of ICU 
patients and limit the complications of sepsis also may reduce the inci-
dence of CIP or CIM. Such strategies may include high-dose parenteral 
glutamine supplementation. Parenteral glutamine supplementation may 
be associated with lower infectious complication rates as well as lower 
mortality rates in critically ill patients [44, Class I]. Specific agents to 
interrupt the septic cascade at its early stages might hold promise. 
Various methods have been tried without success to date, including 
passive immunization against tumor necrosis factor– , interleukin-1 
receptor antagonists, nitric oxide synthase inhibition, and various anti-
oxidants [32••,45, Class III].
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