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ICU-Acquired Weakness*

William D. Schweickert, MD; and Jesse Hall, MD, FCCP

Observational studies of patients receiving prolonged mechanical ventilation and other forms of
critical care support have determined acquired neuromuscular disorders to be extremely
common. Early studies used electrophysiologic investigations to diagnose critical illness polyneu-
ropathy (CIP) and muscle biopsy to confirm critical illness myopathy (CIM). More recent
approaches seek to obviate these invasive techniques and build on a standardized bedside
neuromuscular examination to identify patients with acquired weakness syndromes. Serial
examination in the alert patient may serve as a reasonable prognosticator for most patients.

The importance of ICU-acquired weakness syndromes is supported by the observation that
muscle wasting and weakness are among the most prominent long-term complications of
survivors of ARDS. In addition, a strong association appears to exist between acquired weakness
and protracted ventilator dependence, an important determinant of ICU length of stay.
Multivariate analysis has identified several risk factors associated with increased incidence for
ICU-acquired weakness, including severe systemic inflammation, medications (specifically,
corticosteroids and neuromuscular blocking agents), glycemic control, and immobility. We
advocate an approach to this common syndrome that identifies risk factors early in the hope of
minimizing their impact. (CHEST 2007; 131:1541-1549)

Key words: critical illness; ICU-acquired weakness; myopathy; polyneuromyopathy
Abbreviations: CIM = critical illness myopathy; CIP = critical illness polyneuropathy; CMAP = compound muscle

action potential; ICU-AP = ICU-associated paresis; ICU-AW = ICU-associated weakness; MRC = Medical Research
Council; NMBA = neuromuscular blocking agent

next 25 years, comprehensive evaluations for these
disorders have supported the significance of these
initial investigations. Electrophysiologic testing, his-
topathologic evaluation, and prospective cohort stud

Wasting syndromes associated with protracted
infection have long been recognized. Osler!
commented on the “rapid loss of flesh” observed in
patients with prolonged sepsis in the preantibiotic
era. With the advent of improved cardiopulmonary

support for the critically ill, syndromes of pro-
nounced neuropathy and myopathy are increas-
ingly recognized in the survivors of acute critical
illness.

Investigations of patients with prolonged sepsis
and severe motor dysfunction recognized during
convalescence first appeared in the 1980s.2 Over the
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ies>14 have created a substantial body of literature
on neuromuscular disease in critical illness that
highlights common risk factors and delineates the
extent of injury.

Variation in terminology and nosology character-
izes this literature. Disease states, such as critical
illness polyneuropathy (CIP) and critical illness my-
opathy (CIM), have been defined by advanced neu-
romuscular testing and muscle biopsy that are not
uniformly performed in routine critical care. Given
the dichotomy between the commonality of weak-
ness in the critically ill and the limited number of
electrophysiology tests performed, this review em-
braces an overarching term for neuromuscular dis-
ease in the critically ill: ICU-acquired weakness
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(ICU-AW). This diagnosis, defined simply by struc-
tured examination, can be applied more generously
and may permit more uniform reporting of affected
patients by intensivists. Case definitions for each
neuromuscular disease state will be clarified below.

CLINICAL PRESENTATION

Patients with ICU-AW are usually recognized in
two bedside contexts. Most commonly, the clinician
struggling to liberate a patient from mechanical
ventilation will entertain the diagnosis of weakness.
This diagnostic evaluation focuses initially on the
respiratory muscles. The patient with ICU-AW,
while slowly and globally recovering, exhibits gener-
alized weakness that impairs not only return to
spontaneous breathing but mobilization in general.
The second bedside context involves the patient with
such profound weakness despite return of sensorium
that causes of quadriplegia are entertained. In both
cases, if neuromuscular function recovers, it often
lags well behind other organ system repair.

Physical examination of patients for ICU-AW is
dependent on the cooperation and maximal effort of
the patient, an aspect of bedside assessment that can
be confounded by sedation, delirium, encephalopa-
thy, and other ICU influences on cortical brain
function. When a reliable motor examination is
possible, affected patients will exhibit generally sym-
metrical motor deficits in all limbs, ranging from
paresis to true quadriplegia.’> A standardized bed-
side muscle examination can be utilized to evaluate
individual muscle groups. The Medical Research
Council (MRC) score includes formal testing of
three muscle groups in each limb on a scale from one
to five (Table 1).'6 This scoring has demonstrated
excellent interrater reliability, including evaluations
of patients with Guillain-Barre syndrome receiving

Table 1—MRC Scale for Muscle Examination*

Functions assessed
Upper extremity: wrist flexion, forearm flexion, shoulder
abduction
Lower extremity: ankle dorsiflexion, knee extension, hip flexion
Score for each movement
0-No visible contraction
1-Visible muscle contraction, but no limb movement
2-Active movement, but not against gravity
3-Active movement against gravity
4-Active movement against gravity and resistance
5-Active movement against full resistance
Maximum score: 60 (four limbs, maximum of 15 points per limb)
[normal]
Minimum score: 0 (quadriplegia)

*Adapted with permission from Kleyweg et al.'®

1542

mechanical ventilation,!” and can be utilized to
document the extent of disease and track serial
changes over time (assuming intact cognition).

An early clue that may be noted by care providers
is that painful stimulation (such as pressure on the
nail bed) results in a limited to absent limb response,
yet normal grimacing. This finding highlights the
usual sparing of weakness in the facial muscles.
Limited information is gleaned from the assessment
of reflexes and the sensory examination. Reflexes are
usually diminished or absent, but normal reflexes do
not rule out the diagnosis. Sensory examination is
often curtailed by patient sensorium, interaction
with the examiner, and edema.

Once a weakness syndrome is entertained, the
clinician must clearly establish the absence of a
neuromuscular condition that began before admis-
sion to the ICU. Careful review of the premorbid
functional status must be undertaken. Usually a
determination of the performance of activities of
daily living and ambulation suffices. Acute spinal
cord injury, motor neuron disease, Guillain-Barre
syndrome, myasthenia gravis, Lambert-Eaton syn-
drome, and muscular dystrophy are usually evident
prior to the initiation of mechanical ventilation.
However, these conditions may rarely emerge during
critical illness and, in selected patients, neurologic
assessment must be undertaken for these entities.'$

DISTINCTION BETWEEN POLYNEUROPATHY AND
MYOPATHY

Since delirium and sedation are frequent in ICU
patients, reliable bedside examination of neuromus-
cular function can be difficult. Given these obstacles,
(early) studies of seemingly weak patients have relied
on electrophysiologic testing to provide a rigorous
description of underlying neuromuscular dysfunc-
tion. Comprehensive electrophysiologic studies in-
cluding motor and sensory nerve conduction studies
as well as needle electromyography in the upper and
lower limbs defined two broad categories of ICU-
AW: CIP and CIM. Brief introductions to each entity
will be described below; comprehensive re-
viewsT15-20 of these entities are available.

In CIP, electrophysiologic testing usually shows
sensorimotor axonopathy with decreased compound
muscle action potential (CMAP) and sensory nerve
action potential yet normal nerve conduction veloc-
ities (assuming the absence of persistent neuromus-
cular blockade).'® Abnormalities may be detected as
early as 48 h into critical illness.?! Spontaneous
muscle activity with fibrillation potentials can be
detected in severe axonal disease.

An accompanying prolongation of the CMAP du-

Recent Advances in Chest Medicine



ration suggests an associated myopathy.” CIM is an
acute primary myopathy (not secondary to muscle
denervation) and is diagnosed by abnormalities of
the electromyographic tracing during a voluntary
contraction (requiring patient cooperation). Affected
muscle exhibits a characteristic pattern of abundant
low-amplitude, short-duration polyphasic units with
early recruitment.

The definitive diagnosis of muscle involvement
requires examination of muscle tissue by biopsy. The
reported light-microscopic findings in specimens
from CIM patients include muscle fiber atrophy
(preferentially type II fibers), occasional fiber necro-
sis, regeneration, and decreased or absent reactivity
in myofibrillar adenosine triphosphatase staining,
corresponding to a selective loss of myosin filaments.
This selective loss of myosin is practically pathogno-
monic for CIM. To minimize the morbidity of an
open muscle biopsy, some?? have proposed quanti-
fication of myosin/actin ratio by gel electrophoresis
in core needle specimens (conchotome muscle bi-
opsy technique) to diagnose CIM.

To overcome the challenges of patient cooperation
and completely avoid muscle biopsy, the method of
direct muscle stimulation has been evaluated. First
proposed by Rich et al?>?* in 1996, direct muscle
stimulation was intended to differentiate between
CIM and CIP. Both conditions demonstrate reduced
nerve-evoked CMAP amplitude, yet denervated
muscle (as in CIP) should retain electrical excitabil-
ity and the direct muscle stimulation CMAP ampli-
tude should be normal. CIM patients should exhibit
loss of electrical excitability, and both nerve- and
direct muscle-stimulated CMAPs should be dimin-
ished. Several groups have since studied this modal-
ity, but analysis has been troubled by the common
overlap of CIM and CIP? or the absence of muscle
biopsy correlates.6

As further series of patients were described,?”
significant overlap of CIP and CIM was noted,
leading to the use of a new descriptive term critical
illness polyneuromyopathy (CIPNM, also known as
CIM and/or neuropathy). Several investigators!'+27
have demonstrated that when sought, myopathy is
often present in conjunction with the established
evidence for neuropathy. For example, Latronico et
al?” demonstrated that 19 of 24 patients with CIP
had evidence of myopathy when muscle biopsy was
performed.

As critical care practice has evolved to a “least
sedation” model, the ability to evaluate patients with
a comprehensive bedside examination has become
more feasible, perhaps making extensive electro-
physiologic testing less necessary. De Jonghe and
colleagues!® prospectively evaluated 95 patients who
had received mechanical ventilation for > 7 days and
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achieved satisfactory awakenings for MRC examina-
tion. Patients with a score of < 48 were delineated to
have ICU-acquired paresis (ICU-AP). All patients
with ICU-AP demonstrated sensory motor axonopa-
thy, and histologic features of primary myopathic
changes were observed in all patients with paresis 1
week after the initial diagnosis. This term is essen-
tially synonymous with the term used broadly in
North America: ICU-AW.

These authors'”'® have advocated using physical
examination as the primary determinant of ICU-AW.
Patients demonstrating the characteristic examina-
tion combined with any evidence of recovery on
serial examination usually require no further inves-
tigation. Patients with a protracted altered sensorium
or fixed motor deficit should undergo further testing
for CNS pathology.

CONTROVERSY REGARDING NEUROMUSCULAR
INVESTIGATIONS

The decision to perform electrophysiologic testing
and/or muscle biopsy in routine care, as opposed to
research settings, has created an ongoing debate in
the medical literature. Proponents®” cite evidence
that clinicians have predicted fatal outcomes in
acutely ill, comatose patients with paralysis develop-
ing despite neurologic signs and physiologic and
radiologic investigations that do not indicate irrevers-
ible brain damage. Coma, a potent predictor of
mortality and morbidity in critical illness, coupled
with the absence of movement, is commonly consid-
ered a “deadly sign.”19-25 However, patients with CIP
and CIM, potentially reversible entities, should be
carefully identified to avoid unreasonably pessimistic
prognoses. Predicted outcome has been shown to
alter patient treatment®”; therefore, accurate predic-
tions are paramount in decisions regarding goals of
care in the patient with protracted critical illness.

Advocates for routine clinical examination who
reserve neurophysiologic testing and biopsy for un-
usual or severe instances of weakness cite the limi-
tations, costs, and risks of this testing. Edema,
artifacts related to the presence of multiple electrical
devices, and invasive catheters are common sources
of technical difficulties with electrophysiologic test-
ing in ICU patients.?° In addition, neurophysiologic
testing does not predict duration of mechanical
ventilation nor ICU stay, and the presence of CIP
and/or CIM does not ensure reversibility.3! Impor-
tantly, there is not a specific therapy for CIP and/or
CIM; therefore, establishing a highly specific or
physiologically based diagnosis does not translate to a
specific pharmacologic therapy. Rather, therapies
currently employed to limit ICU-acquired weakness
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are preemptive and should be applied to virtually all
critically ill patients receiving mechanical ventilation
(see discussion following).3!

Additional practical factors may influence the de-
cision to perform these tests. Neuromuscular spe-
cialists with expertise in electrophysiologic testing
and biopsy interpretation are in limited supply, while
critically ill patients undergoing mechanical ventila-
tion are ubiquitous. In addition, the continuity of
care enjoyed by intensivists is far different than the
consultative role of a neuromuscular specialist. In-
tensivists have the opportunity to serially evaluate a
patient’s neuromuscular and psychological state over
time, including subtle changes in performance (par-
ticularly when sedation limitations are implemented
appropriately). Neuromuscular specialists are often
requested for consultation during the latter stages of
critical illness and asked to diagnose and prognosti-
cate in a finite capsule of time. It is not surprising
that advanced diagnostic tools would then be utilized
to create a prompt and comprehensive response.

PROPOSED DIAGNOSTIC ALGORITHM

To optimize the likelihood of patient interaction
for neuromuscular assessments, we advocate the
implementation of sedation protocols.3233 Our pref-

erence, daily interruption of sedative infusions, con-
fers the opportunity for serial neuromuscular exam-
ination and reduces the duration of mechanical
ventilation.?234 Careful implementation of the struc-
tured MRC examination should be employed and
documented serially as a matter of routine. Patients
exhibiting fixed or focal motor defects or persistent
altered sensorium despite adequate sedation wash-
out should undergo more advanced diagnostics (ie,
CNS imaging, electrophysiologic studies, and/or
muscle biopsy) [Fig 1].

EPIDEMIOLOGY

The occurrence of ICU-acquired weakness varies
substantially depending on the patient case mix,
diagnostic method used, and the timing of examina-
tion. De Jonghe et al'® found clinically significant
ICU-AW in 25% of patients who received mechan-
ical ventilation for at least 7 days. Of note, a substan-
tial number of patients could not be evaluated by
muscle strength testing, most commonly the result of
death before regaining consciousness. Electrophysi-
ologic testing to delineate CIP does not share similar
limitations in the unresponsive patient, and has
resulted in reports of higher incidences of acquired
neuromuscular disease in similar cohorts. For exam-
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FIGURE 1. Proposed diagnostic algorithm for assessing neuromuscular complications in the critically ill.
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ple, a prospective study® of 50 patients receiving
mechanical ventilation for > 7 days documented
CIP in 58%. Studies®3637 using cohorts restricted to
sepsis and multiorgan failure have found even higher
incidences of neuromuscular disease, ranging from
50 to 100%.

OUTCOMES

Understanding the evolving terminology described
above is important when reviewing outcome studies
of these patients. The combination of varied defini-
tions of neuromuscular impairment and selected
cohort analysis creates the risk of bias and makes
comparisons across studies challenging. Even with
these limitations, ICU-AW appears to have a signif-
icant association with short and long-term measures
of outcome.

Short-term Outcomes

Two studies®*3? have demonstrated that weakness
is an independent predictor of prolonged mechanical
ventilation. Garnacho-Montero and colleagues®
evaluated septic patients receiving ventilation for at
least 7 days for CIP. Patients with electrophysiologic
evidence of CIP had longer duration of mechanical
ventilation than patients who did not (median, 34
days vs 14 days; p < 0.001). This finding was ex-
plained by a longer period required for weaning and
was associated with an increased length of ICU and
hospital stay. De Jonghe and colleagues® evaluated
ICU patients receiving ventilation for at least 7 days
who were sufficiently awake to permit evaluation for
ICU-AP. Of the 95 patients enrolled, 24 patients
(25%) had ICU-AP. The weak patients exhibited a
similarly increased period of weaning and duration of
mechanical ventilation as compared to the nonweak
cohort. In the multivariate analysis incorporating
severity of illness scoring, disease states, and dura-
tion of multiple organ dysfunction, the two indepen-
dent predictors of prolonged weaning, were ICU-AP
(hazard ratio, 2.4) and COPD (hazard ratio, 2.7). 39

Two studies®>* have demonstrated increased
mortality in patients with CIP. Garnacho-Montero et
al*® studied a very select population of severely ill
patients: septic patients with multiple organ dysfunc-
tion syndrome requiring mechanical ventilation for
> 10 days. Patients with CIP had higher in-hospital
mortality rates than those without CIP (84% vs
56.5%, p = 0.01). Similarly, Leijten et al?> found that
in 50 patients receiving mechanical ventilation for
> 7 days, ICU mortality was higher in the CIP group
(48% vs 19%, p = 0.03).

Despite the demonstrated associations between
ICU-AW and poor short-term outcomes, there is no
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clear cause-and-effect relationship. Attempts have
been made to statistically adjust for imbalances
between weak and nonweak cohorts,? yet no con-
clusive evidence exists to refute the possibility that
poor outcomes and weakness may simply reflect the
type and/or severity of the patient’s underlying con-
dition.

Long-term Outcomes

Muscle wasting and weakness are common and
often striking in survivors of critical illness. In a
comprehensive evaluation of a cohort of 100 survi-
vors of ARDS, patients were evaluated at 3, 6, and 12
months following critical illness via physical exami-
nation, pulmonary function testing, 6-min walk test-
ing, and quality of life evaluation.#! Extrapulmonary
conditions, specifically muscle wasting and weak-
ness, were the most prominent complications and
were responsible for much of the persistent func-
tional disability. Retrospective data*? suggest that in
high-risk groups such as patients with ARDS, CIP
and/or CIM may be present in as many as 60% of
patients.

Latronico and colleagues*> made a composite eval-
uation of studies reporting long-term outcomes in
patients with CIP and CIM. Inclusion of 36 studies
provided information on the outcomes of 263 pa-
tients. Mean duration of follow-up was 3 to 6 months
(range, 2 days to 8 years). Complete functional
recovery with patients regaining the ability to
breathe spontaneously and to walk independently
was reported in 68% (180 of 263 patients). Severe
disability with quadriparesis, quadriplegia, or para-
plegia was reported in 28% (74 of 263 patients).
Persisting milder disabilities were common even in

atients with complete functional recovery, and in-
cluded reduced or absent deep tendon reflexes,
stocking and glove sensory loss, muscle atrophy,
painful hyperesthesia, and foot drop.*

Risk FACTORS

Factors such as systemic inflammation, medica-
tions, electrolyte disturbances, and immobility have
been implicated in the pathogenesis of ICU-AW. In
the absence of an experimental model to explore
mechanisms of injury, current information derives
largely from prospective cohort studies of patients
utilizing multivariate analyses to assess independent
risk factors.

Systemic Inflammation

Pioneers in the field of neuromuscular disease in
the critically ill recognized the correlation of ac-
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quired weakness with the systemic inflammatory
response syndrome, sepsis, and multisystem organ
dysfunction.*54546 Two prospective studies®!® have
further validated the relationship to inflammation.
de Letter et al.® coupling clinical examination and
electrophysiology, demonstrated that acute physiol-
ogy and chronic health evaluation (APACHE) III
scores and the presence of systemic inflammatory
response syndrome were independently associated
with the development of CIPNM. Based on the
distribution of the predictive index of these two
variables, three risk groups were determined to assist
in risk stratification for the development of CIPNM.
This model has yet to be tested prospectively. De
Jonghe et al'® demonstrated that prolonged multi-
system organ failure is strongly associated with the
development of ICU-AP. How systemic inflamma-
tion would produce nerve and muscle injury is
unclear; commonly invoked pathways include isch-
emia or injury via mediators of inflammation. de
Letter et al*” have additionally demonstrated evi-
dence for low-level, local immune system activation
with release of both proinflammatory and antiinflam-
matory cytokines in the muscle of patients with
critical illness polyneuromyopathy. Tissue injury may
lead to the influx of inflammatory cells and the
release of such cytokines. The expression of adhesion
molecules on vascular endothelium suggests the
possible contribution of increased vascular perme-
ability. While these local phenomena may be impor-
tant, measurement of more global markers of inflam-
mation, such as interleukin-6 and tumor necrosis
factor, has not shown them to be elevated in the
serum of patients with CIP as compared to nonwealk,
critically ill control subjects.*

Medications

Many medications have been implicated as causes
of weakness. Corticosteroids, the most widely stud-
ied,'04149 have a significant association with the
development of ICU-AW. In animal models, admin-
istration of corticosteroids can produce selective
muscle atrophy, particularly of fast-twitch fibers.>°
However, a thick filament myopathy identical to
CIM can be best produced by combining denerva-
tion injury and corticosteroids.>! In such an animal
model, complete loss of muscle excitability was
found, now ascribed to the inactivation of fast so-
dium channels.5? This “two-hit” hypothesis has been
invoked to explain the profound forms of CIM
described in patients with status asthmaticus.

A recent prospective, randomized trial>® of meth-
ylprednisolone for persistent ARDS demonstrated
no improvement in 60-day mortality despite evi-
dence for early physiologic improvement of gas
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exchange and lung mechanics. The small number of
patients with significant complications attributed to
neuromyopathy were all in the methylprednisolone-
treated arm. It is plausible that some benefits of
corticosteroid treatment on lung function were offset
by the adverse effects on strength.

The association of neuromuscular weakness with
prolonged use of neuromuscular blocking agents
(NMBAs) has long been recognized and is the most
prominent reason for a shift away from NMBA use in
the critically ill. An association of NMBA use with
CIP has been noted in one study*” but was absent in
others. While the association of NMBAs with CIP
remains unclear, there are well described scenarios
of ICU-AW with these agents. One scenario is that of
prolonged neuromuscular blockade arising from per-
sistent drug effect, such as that occurring with agents
(or their metabolites) that accumulate in the setting
of renal and liver failure. The second scenario in-
volves patients with severe acute asthma and venti-
latory failure who undergo treatment with high-dose
corticosteroids in combination with NMBAs. These
patients may exhibit severe and protracted myop-
athy,54-56

Glycemic Control

The link between elevated blood glucose levels
and ICU-AW was established in an early study® of
critically ill patients with multisystem organ failure.
More recently, a large randomized trial>7 of surgical
patients undergoing tight glycemic control with in-
sulin infusions vs conventional insulin therapy dem-
onstrated a 50% reduction in the evolution of CIP.
Secondary evaluations of this data set link the pro-
tective effect to strict glycemic control as opposed to
the insulin effect.>® The impact of tight glycemic
control on preservation of neuromuscular function in
medical ICU patients has yet to be described.?®
However, given other proven salutary effects of such
management (including reductions in days to wean-
ing of mechanical ventilation, ICU and hospital
length of stay, and development of renal injury), we
do advocate the application of tight glycemic control
in patients receiving mechanical ventilation.

Immobility

Bed rest and deep sedation have been suggested
to potentiate ICU-AW. Three pieces of indirect
evidence support such speculation. De Jonghe et al'*
found that duration of mechanical ventilation prior
to “awakening” to establish the diagnosis of ICU-AP
was a significant risk factor, independent of the
duration of multiple organ failure. Contributors to
alterations in patient sensorium delaying the diagno-
sis might be causal (ie, sedatives). Second, a rabbit
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model utilizing controlled mechanical ventilation
demonstrated atrophy of the diaphragm within a few
days of respiratory-muscle inactivity.% Finally, re-
peated daily passive mobilization has prevented mus-
cle atrophy on serial muscle biopsies in patients
receiving mechanical ventilation and NMBAs.6!

In contrast, Eikermann et al,®* utilizing electro-
physiologic studies and direct muscle stimulation,
demonstrated that septic patients with multiple or-
gan failure have reduced muscle force without evi-
dence for increased fatigability. Healthy patients
undergoing limb immobilization did not exhibit re-
ductions in force or fatigability. Seemingly, immobi-
lization alone cannot create CIM.

PREVENTION/TREATMENT

Data supporting specific approaches to prevent or
treat ICU-AW are limited. For the practicing clini-
cian, it is reasonable for ICU-AW to be approached
as a syndrome with a large number of potential
associations. Akin to the approach to delirium, the
causes are multiple and overlapping.636* We advo-
cate that the clinician seek potentially reversible risk
factors and adjust care accordingly (Fig 2).65

The best evidence for prevention comes from a
secondary end point of a trial of strict glycemic
control via insulin infusion in critically ill surgical
patients. Intensive insulin therapy (maintenance of a
blood glucose level from 80 to 110 mg/dL) demon-
strated a mortality benefit and fewer cases of CIP
detected by routine electrophysiologic testing after

CRITICALLY ILL PATIENT AT RISK
FOR INTENSIVE CARE UNIT-
ACQUIRED WEAKNESS

» Multi-system organ failure
+ Anticipated prolonged mechanical ventilation

day 7 (28.7% vs 51.9%, p < 0.001).57 This manage-
ment seems appropriate assuming a careful imple-
mentation with safeguards against potentially injuri-
ous hypoglycemia.>

Given the evidence for reduced muscle atrophy
with passive limb muscle stretching,®! strategies to
mobilize patients, either with passive stretching or
active exercises with physical and occupational ther-
apy, seem reasonable when approached in a safe,
systematic manner. At the least, sedation protocols
designed to minimize the use of sedatives and anal-
gesics have been shown to decrease duration of
mechanical ventilation.?266 This strategy may help to
promote earlier patient wakefulness, minimize sed-
ative-induced immobility, and permit earlier recog-
nition of weakness with earlier mobilization as toler-
ated.

Medications that may increase the risk of weak-
ness should undergo careful review. Corticosteroids
should be used with caution, if at all, in circum-
stances in which benefit is obscure, such as late-
phase ARDS.5 Ideally, further investigations will
help guide use of corticosteroids in the critically ill,
extending the observations already made in patients
with severe community-acquired pneumonia®” and
septic shock.6

It also seems prudent to maintain the internal
milieu of the patient, with attention to electrolyte
disorders, including phosphate and magnesium de-
pletion. Although not proven, adequate nutrition
supplementation seems a necessity, as the body will
otherwise cannibalize muscle for sources of energy.

Direct Evidence for Benefit

v

ANTICIPATORY MANAGEMENT

O Tight Glycemic Control

Evidence for Harm
Limit Use Unless Evidenced-Based Benefit

(Risk Factor Modification)

Q Corticosteroids
O Neuromuscular Blocking Agents

Indirect Evidence for Benefit
Sedation-Sparing Protocol

oo

Early Limb Mobilization

Theoretical Benefit
Careful Electrolyte Management
(esp. phosphate, magnesium)

o

Optimal Nutrition
Ventilator Weaning Protocol

oo

FiGUuRe 2. Risk factor modification schema for patients at risk for ICU-acquired weakness.

esp = especially.
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Finally, standardized approaches to ventilator wean-
ing, such as a respiratory therapist-driven protocol,
must be employed to minimize the duration of
ventilator dependence.®

In contrast to the study-limited approach for
clinical care, research mandates a more comprehen-
sive evaluation. Study patients may require the cou-
pling of physical examination with comprehensive
electrophysiologic testing and biopsy results. Fur-
thermore, the contribution of the diaphragm must
be better understood.

CONCLUSIONS

An aging baby boomer population combined with
increasing numbers of patients needing and seeking
ICU services creates an environment in which criti-
cal care delivery must be optimal. Longer-term
outcomes focusing on neuromuscular strength and
patient functional autonomy need to be considered
when evaluating the quality of interventions. Al-
though it seems doubtful that a single therapy might
prevent weakness in such varied populations, the
meticulous application of a multipronged therapeu-
tic approach including tight glycemic control, opti-
mal nutrition, early limb mobilization, and avoidance
of risk factors such as excessive sedation, high-dose
steroids, and paralytics may help to ensure maximal
functional status for survivors of critical illness.

REFERENCES

1 Osler W. The principles and practice of medicine. New York,
NY: D. Appleton and Company, 1892

2 Bolton CF, Gilbert JJ, Hahn AF, et al. Polyneuropathy in
critically ill patients. ] Neurol Neurosurg Psychiatry 1984;
47:1223-1231

3 Bolton CF, Laverty DA, Brown JD, et al. Critically ill
polyneuropathy: electrophysiological studies and differentia-
tion from Guillain-Barre syndrome. ] Neurol Neurosurg
Psychiatry 1986; 49:563-573

4 Zochodne DW, Bolton CF, Wells GA, et al. Critical illness
polyneuropathy: a complication of sepsis and multiple organ
failure. Brain 1987; 110:819-841

5 Lacomis D, Giuliani MJ, Van Cott A, et al. Acute myopathy of
intensive care: clinical, electromyographic, and pathological
aspects. Ann Neurol 1996; 40:645-654

6 Rich MM, Raps EC, Bird SJ. Distinction between acute

myopathy syndrome and critical illness polyneuropathy. Mayo

Clin Proc 1995; 70:198-200

Lacomis D, Zochodne DW, Bird SJ. Critical illness myopathy.

Muscle Nerve 2000; 23:1785-1788

8 Witt NJ, Zochodne DW, Bolton CF, et al. Peripheral nerve
function in sepsis and multiple organ failure. Chest 1991;
99:176-184

9 de Letter MA, Schmitz PI, Visser LH, et al. Risk factors for
the development of polyneuropathy and myopathy in criti-
cally ill patients. Crit Care Med 2001; 29:2281-2286

10 De Jonghe B, Sharshar T, Lefaucheur JP, et al. Paresis

=1

1548

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

acquired in the intensive care unit: a prospective multicenter
study. JAMA 2002; 288:2859-2867

Zochodne DW, Ramsay DA, Saly V, et al. Acute necrotizing
myopathy of intensive care: electrophysiological studies. Mus-
cle Nerve 1994; 17:285-292

Helliwell TR, Coakley JH, Wagenmakers A]J, et al. Necrotiz-
ing myopathy in critically-ill patients. ] Pathol 1991; 164:307—
314

Helliwell TR, Wilkinson A, Griffiths RD, et al. Muscle fibre
atrophy in critically ill patients is associated with the loss of
myosin filaments and the presence of lysosomal enzymes and
ubiquitin. Neuropathol Appl Neurobiol 1998; 24:507-517
Coakley JH, Nagendran K, Honavar M, et al. Preliminary
observations on the neuromuscular abnormalities in patients
with organ failure and sepsis. Intensive Care Med 1993;
19:323-328

De Jonghe B, Sharshar T, Hopkinson N, et al. Paresis
following mechanical ventilation. Curr Opin Crit Care 2004;
10:47-52

Kleyweg RP, van der Meche FG, Meulstee J. Treatment of
Guillain-Barre syndrome with high-dose vyglobulin. Neurol-
ogy 1988; 38:1639-1641

Kleyweg RP, van der Meche FG, Schmitz PI. Interobserver
agreement in the assessment of muscle strength and func-
tional abilities in Guillain-Barre syndrome. Muscle Nerve
1991; 14:1103-1109

Bolton CF. Neuromuscular manifestations of critical illness.
Muscle Nerve 2005; 32:140-163

Latronico N, Shehu I, Seghelini E. Neuromuscular sequelae
of critical illness. Curr Opin Crit Care 2005; 11:381-390
van Mook WN, Hulsewe-Evers RP. Critical illness polyneu-
ropathy. Curr Opin Crit Care 2002; 8:302-310

Tennila A, Salmi T, Pettila V, et al. Early signs of critical
illness polyneuropathy in ICU patients with systemic inflam-
matory response syndrome or sepsis. Intensive Care Med
2000; 26:1360-1363

Stibler H, Edstrom L, Ahlbeck K, et al. Electrophoretic
determination of the myosin/actin ratio in the diagnosis of
critical illness myopathy. Intensive Care Med 2003; 29:1515—
1527

Rich MM, Teener JW, Raps EC, et al. Muscle is electrically
inexcitable in acute quadriplegic myopathy. Neurology 1996;
46:731-736

Rich MM, Bird SJ, Raps EC, et al. Direct muscle stimulation
in acute quadriplegic myopathy. Muscle Nerve 1997; 20:665—
673

Bednarik ], Lukas Z, Vondracek P. Critical illness polyneuro-
myopathy: the electrophysiological components of a complex
entity. Intensive Care Med 2003; 29:1505-1514

Lefaucheur [P, Nordine T, Rodriguez P, et al. Origin of ICU
acquired paresis determined by direct muscle stimulation.
] Neurol Neurosurg Psychiatry 2006; 77:500-506

Latronico N, Fenzi F, Recupero D, et al. Critical illness
myopathy and neuropathy. Lancet 1996; 347:1579-1582
Hamel MB, Goldman L, Teno ], et al. Identification of
comatose patients at high risk for death or severe disability:
SUPPORT Investigators; Understand Prognoses and Prefer-
ences for Outcomes and Risks of Treatments. JAMA 1995;
273:1842-1848

Murray LS, Teasdale GM, Murray GD, et al. Does prediction
of outcome alter patient management? Lancet 1993; 341:
1487-1491

Trojaborg W. Electrophysiologic techniques in critical illness-
associated weakness. ] Neurol Sci 2006; 242:83-85

Morris C, Trinder JT. Electrophysiology adds little to clinical
signs in critical illness polyneuropathy and myopathy. Crit
Care Med 2002; 30:2612

Recent Advances in Chest Medicine



32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Kress JP, Pohlman AS, O’Connor MF, et al. Daily interrup-
tion of sedative infusions in critically ill patients undergoing
mechanical ventilation. N Engl | Med 2000; 342:1471-1477
Brook AD, Ahrens TS, Schaiff R, et al. Effect of a nursing-
implemented sedation protocol on the duration of mechanical
ventilation. Crit Care Med 1999; 27:2609-2615

Carson SS, Kress [P, Rodgers JE, et al. A randomized trial of
intermittent lorazepam versus propofol with daily interrup-
tion in mechanically ventilated patients. Crit Care Med 2006;
34:1326-1332

Leijten F'S, Harinck-de Weerd JE, Poortvliet DC, et al. The
role of polyneuropathy in motor convalescence after pro-
longed mechanical ventilation. JAMA 1995; 274:1221-1225
Berek K, Margreiter J, Willeit ], et al. Polyneuropathies in
critically ill patients: a prospective evaluation. Intensive Care
Med 1996; 22:849—-855

De Jonghe B, Cook D, Sharshar T, et al. Acquired neuro-
muscular disorders in critically ill patients: a systematic
review: groupe de Reflexion et d’Etude sur les Neuromyopa-
thies En Reanimation. Intensive Care Med 1998; 24:1242—
1250

Garnacho-Montero ], Amaya-Villar R, Garcia-Garmendia JL,
et al. Effect of critical illness polyneuropathy on the with-
drawal from mechanical ventilation and the length of stay in
septic patients. Crit Care Med 2005; 33:349-354

De Jonghe B, Bastuji-Garin S, Sharshar T, et al. Does
ICU-acquired paresis lengthen weaning from mechanical
ventilation? Intensive Care Med 2004; 30:1117-1121
Garnacho-Montero |, Madrazo-Osuna ], Garcia-Garmendia
JL, et al. Critical illness polyneuropathy: risk factors and
clinical consequences: a cohort study in septic patients.
Intensive Care Med 2001; 27:1288-1296

Herridge MS, Cheung AM, Tansey CM, et al. One-year
outcomes in survivors of the acute respiratory distress syn-
drome. N Engl | Med 2003; 348:683—693

Bercker S, Weber-Carstens S, Deja M, et al. Critical illness
polyneuropathy and myopathy in patients with acute respira-
tory distress syndrome. Crit Care Med 2005; 33:711-715
Latronico N, Peli E, Botteri M. Critical illness myopathy and
neuropathy. Curr Opin Crit Care 2005; 11:126-132
Latronico N. Neuromuscular alterations in the critically ill
patient: critical illness myopathy, critical illness neuropathy,
or both? Intensive Care Med 2003; 29:1411-1413

Bolton CF. Neuromuscular abnormalities in critically ill
patients. Intensive Care Med 1993; 19:309-310

Bolton CF. Sepsis and the systemic inflammatory response
syndrome: neuromuscular manifestations. Crit Care Med
1996; 24:1408-1416

de Letter MA, van Doorn PA, Savelkoul HF, et al. Critical
illness polyneuropathy and myopathy (CIPNM): evidence for
local immune activation by cytokine-expression in the muscle
tissue. | Neuroimmunol 2000; 106:206-213

Verheul GA, de Jongh-Leuvenink J, Op de Coul AA, et al.
Tumor necrosis factor and interleukin-6 in critical illness
polyneuromyopathy. Clin Neurol Neurosurg 1994; 96:300—
304

Amaya-Villar R, Garnacho-Montero |, Garcia-Garmendia JL,
et al. Steroid-induced myopathy in patients intubated due to
exacerbation of chronic obstructive pulmonary disease. Inten-
sive Care Med 2005; 31:157-161

Kelly FJ, McGrath JA, Goldspink DF, et al. A morphological/
biochemical study on the actions of corticosteroids on rat

www.chestjournal.org

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

skeletal muscle. Muscle Nerve 1986; 9:1-10

Rouleau G, Karpati G, Carpenter S, et al. Glucocorticoid
excess induces preferential depletion of myosin in denervated
skeletal muscle fibers. Muscle Nerve 1987; 10:428-438
Rich MM, Pinter MJ. Crucial role of sodium channel fast
inactivation in muscle fibre inexcitability in a rat model of
critical illness myopathy. J Physiol 2003; 547:555-566
Steinberg KP, Hudson LD, Goodman RB, et al. Efficacy and
safety of corticosteroids for persistent acute respiratory dis-
tress syndrome. N Engl | Med 2006; 354:1671-1684
Douglass JA, Tuxen DV, Horne M, et al. Myopathy in severe
asthma. Am Rev Respir Dis 1992; 146:517-519

Leatherman JW, Fluegel WL, David WS, et al. Muscle
weakness in mechanically ventilated patients with severe
asthma. Am ] Respir Crit Care Med 1996; 153:1686-1690
Behbehani NA, Al-Mane F, D’Yachkova Y, et al. Myopathy
following mechanical ventilation for acute severe asthma: the
role of muscle relaxants and corticosteroids. Chest 1999;
115:1627-1631

van den Berghe G, Wouters P, Weekers F, et al. Intensive
insulin therapy in the critically ill patients. N Engl | Med
2001; 345:1359-1367

Van den Berghe G, Wouters PJ, Bouillon R, et al. Outcome
benefit of intensive insulin therapy in the critically ill: insulin
dose versus glycemic control. Crit Care Med 2003; 31:359—
366

Van den Berghe G, Wilmer A, Hermans G, et al. Intensive
insulin therapy in the medical ICU. N Engl | Med 2006;
354:449-461

Sassoon CS, Caiozzo V], Manka A, et al. Altered diaphragm
contractile properties with controlled mechanical ventilation.
] Appl Physiol 2002; 92:2585-2595

Griffiths RD, Palmer TE, Helliwell T, et al. Effect of passive
stretching on the wasting of muscle in the critically ill.
Nutrition 1995; 11:428-432

Eikermann M, Koch G, Gerwig M, et al. Muscle force and
fatigue in patients with sepsis and multiorgan failure. Inten-
sive Care Med 2006; 32:251-259

Inouye SK. Delirium in hospitalized older patients: recogni-
tion and risk factors. J Geriatr Psychiatry Neurol 1998;
11:118-125; discussion 157-118

Ely EW, Siegel MD, Inouye SK. Delirium in the intensive
care unit: an under-recognized syndrome of organ dysfunc-
tion. Semin Respir Crit Care Med 2001; 22:115-126

Inouye SK, Bogardus ST Jr, Charpentier PA, et al. A multi-
component intervention to prevent delirium in hospitalized
older patients. N Engl | Med 1999; 340:669-676

Brook AD, Ahrens TS, Schaiff R, et al. Effect of a nursing-
implemented sedation protocol on the duration of mechanical
ventilation. Crit Care Med 1999; 27:2609-2615
Confalonieri M, Urbino R, Potena A, et al. Hydrocortisone
infusion for severe community-acquired pneumonia: a pre-
liminary randomized study. Am ] Respir Crit Care Med 2005;
171:242-248

Annane D, Sebille V, Charpentier C, et al. Effect of treat-
ment with low doses of hydrocortisone and fludrocortisone on
mortality in patients with septic shock. JAMA 2002; 288:862—
871

Ely EW, Baker AM, Dunagan DP, et al. Effect on the
duration of mechanical ventilation of identifying patients
capable of breathing spontaneously. N Engl | Med 1996;
335:1864 -1869

CHEST /131/5/MAY, 2007 1549



