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Intensive care unit-acquired weakness
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Although patients are on occa-
sion admitted to the intensive
care unit (ICU) because of a
neuromuscular disease that

has or is at risk of producing respiratory
failure, a much more common scenario is
the development of weakness in the

course of treatment of acute illness syn-
dromes such as sepsis and/or respiratory
failure. As a complication of critical ill-
ness, weakness frequently slows and even
dominates the course of recovery from
critical illness. The Brussels Round Table
Conference in 2009 was dedicated to the

topic of ICU-acquired weakness (ICU-AW)
with the broad task of encompassing
bench research to patient outcome and
therefore was convened with a variety of
clinicians, physician scientists, and basic
investigators to explore our understand-
ing of this phenomenon. This article spe-
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Objective: Severe weakness is being recognized as a compli-
cation that impacts significantly on the pace and degree of
recovery and return to former functional status of patients who
survive the organ failures that mandate life-support therapies
such as mechanical ventilation. Despite the apparent importance
of this problem, much remains to be understood about its inci-
dence, causes, prevention, and treatment.

Design: Review from literature and an expert round-table.
Setting: The Brussels Round Table Conference in 2009 convened

more than 20 experts in the fields of intensive care, neurology, and
muscle physiology to review current understandings of intensive
care unit-acquired weakness and to improve clinical outcome.

Main Results: Formal electrophysiological evaluation of pa-
tients with intensive care unit-acquired weakness can identify
peripheral neuropathies, myopathies, and combinations of these
disorders, although the correlation of these findings to weakness
measurable at the bedside is not always precise. For routine
clinical purposes, bedside assessment of neuromuscular function
can be performed but is often confounded by complicating factors
such as sedative and analgesic administration. Risk factors for
development of intensive care unit-acquired weakness include

bed rest itself, sepsis, and corticosteroid exposure. A strong
association exists between weakness and long-term ventilator
dependence; weakness is a major determinant of patient out-
comes after surviving acute respiratory failure and may be
present for months, or indefinitely, in the convalescence phase of
critical illness.

Conclusion: Although much has been learned about the phys-
iology and cell and molecular biology of skeletal and diaphragm
dysfunction under conditions of aging, exercise, disuse, and sep-
sis, the application of these understandings to the bedside re-
quires more study in both bench models and patients. Although a
trend toward greater immobilization and sedation of patients has
characterized the past several decades of intensive care unit care,
recent studies have demonstrated that early physical and occu-
pational therapy, including during the period of intubation and
ventilator support, can be safely performed and will likely improve
patient outcomes with regard to functional status. (Crit Care Med
2010; 38:779–787)
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LEARNING OBJECTIVES

After participating in this activity, the participant should be better able to:

1. Describe the incidence and etiology of intensive care unit-acquired weakness.

2. Explain the differential diagnosis and outcomes of intensive care unit-acquired weakness.

3. Use this information in a clinical setting.
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cifically draws on, and is mostly limited
to, the deliberations of these participants.
Their individual contributions appear in a
separate supplement of Critical Care
Medicine 2009; 37(Suppl 10):S295–S461.
An acknowledgment and full listing of the
Round Table participants is located in the
Appendix.

Definitions, Diagnostic Testing,
and Nosology

Wasting syndromes have long been
known to accompany protracted infection
and diverse chronic illnesses, including
malignancy and chronic obstructive pul-
monary disease (1). Beginning in the
1980s, a descriptive literature arose de-
scribing both polyneuropathy and myop-
athy in some patients cared for in the
ICU, often with underlying sepsis and/or
respiratory failure, that appeared to be
acquired during the course of their crit-
ical illness (2–7). The terms critical ill-
ness polyneuropathy (CIP) and critical ill-
ness myopathy (CIM) were applied to the
more clear-cut examples of each.

The primary means of distinguishing
CIP and CIM involve electrophysiological
testing and histologic evaluation of in-
volved tissues (8). Use of nerve conduc-
tion studies and electrical myography are
reasonably sensitive techniques to detect
physiological abnormalities, and electro-

physiological testing can even be ex-
tended to include nerve stimulation as a
means of quantifying muscle force gen-
eration in a controlled fashion in patients
in the ICU (9). In a recent prospective
cohort study (10), 92 critically ill patients
were followed for up to 1 yr after ICU
admission with serial electrophysiologi-
cal testing. Thirty percent of patients met
criteria for CIM and CIP, and some had
profound neuromuscular dysfunction
persisting through the period of observa-
tion. Patients with CIP appeared to fare
poorly compared with patients with iso-
lated CIM.

There are limitations to an approach
mandating electrophysiological screen-
ing of all patients outside of a research
context (1). There are considerable costs
associated with these tests, and hence
they are often not available and certainly
not available as routine longitudinally.
Some patients have features of both CIM
and CIP, and some patients without sig-
nificant abnormalities have significant
weakness, perhaps as a result of simple
muscle atrophy. Differences in treatment
between CIP and CIM are not clear-cut;
hence, for the individual patient, identi-
fying functional weakness and addressing
it may be more important than attempt-
ing to partition its causes to either pe-
ripheral nerves, muscle, or both.

For these reasons, many advocate an
approach of identifying ICU-AW more
generally and without formal electro-
physiological testing in the clinical set-
ting. Such an approach is shown in Fig-
ure 1. Because bedside testing of the
peripheral nervous system cannot occur
apart from assessment and optimization
of central nervous system function, coor-
dinating examination of peripheral neu-
romuscular function with holidays from
sedatives and other centrally acting
agents is important. In many patients,
independent central nervous system pa-
thologies will need to be suspected, iden-
tified, diagnosed, and characterized pari
passu with consideration of the general is-
sue of weakness. Validated and simple-to-
use assessment tools such as the Medical
Research Council examination of muscle
strength can be adapted for routine use in
ICU populations to track ICU-AW.

Incidence and Outcomes

The reported incidence of ICU-AW de-
pends greatly on the tools used to define
it, as described previously, and the pa-
tient population studied (1). In one study
of patients undergoing mechanical venti-
lation for �7 days, 25% were found to
have clinically significant ICU-AW (11).
In another investigation relying in part
on electrophysiological abnormalities to
define ICU-AW, patients ventilated for �7
days in the ICU exhibited an incidence of
CIM and CIP of 58% (12). In studies of
critically ill patients with sepsis, the in-
cidence of ICU-AW is extremely high, re-
ported to be present in 50% to 100% of
patients (13, 14). Thus, apart from the
clinical tools and definitions used to de-
scribe this general phenomenon, it ap-
pears to be an extremely common com-
plication of critical illness.

As important as the frequency of
weakness during ICU stay, there is the
association with adverse longer-term out-
comes. Several studies have shown that
ICU-AW is associated with a longer dura-
tion of mechanical ventilation, which ap-
pears to reside in the phase of transition
to liberation from the ventilator; this pro-
tracted ventilator dependence is also as-
sociated with increased duration of ICU
and hospital stay (15, 16). Two other ob-
servational cohort studies have described
an association between ICU-AW and mor-
tality from critical illness (12, 17). Al-
though attempts were made to use statis-
tical methods to adjust for imbalances in
clinical characteristics between weak and

Figure 1. An algorithm for assessing neuromuscular complications in the critically ill. EP, electro-
physiological.
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nonweak cohorts, it is possible that weak-
ness may simply be a marker for severity
of illness as opposed to an independent
cause of death in the critically ill.

Regardless of the impact of ICU-AW on
acute outcomes from critical illness,
there has been growing but incomplete
awareness of the extent to which this
consequence of critical illness impacts on
the need for care after the ICU and the
extent to which weakness impairs the
pace and degree to which patients recov-
ering from critical illness return to prior
functional status. In a comprehensive
evaluation of patients recovering from
acute respiratory distress syndrome at 3,
6, and 12 months after critical care man-
agement, muscle wasting and weakness
were the most prominent extrapulmo-
nary conditions noted and were respon-
sible for major functional limitations and
disability (18). Limitations to recovery
persisted in these patients over even
longer periods of time as well (19). In a
compilation of multiple studies following
patients with ICU-AW and aggregating
patients for analysis, 28% were noted to
exhibit quadriparesis or paraparesis for
extended periods, and even in patients
with complete functional recovery, vary-
ing degrees of muscle atrophy and pe-
ripheral neuropathy were observed (10,
20, 21). The implications of these find-
ings are clear; identifying methods to
limit the extent of injury to the periph-
eral nervous system should be a part of
our critical care management and follow-
ing our patients long-term. Using the op-
timal methods of rehabilitation will be
essential to enhance functional recovery
after ICU management.

Risk Factors

With only more recent development
and study of experimental animal models
to investigate mechanisms of ICU-AW
(22), much understanding of its evolu-
tion derives from observational studies
that describe various risk factors associ-
ated with its development in patients.

Both retrospective and prospective tri-
als have shown that severity of illness, as
measured by standard severity of illness
scores and the presence of a systemic
inflammatory response syndrome are
strongly associated with the development
of ICU-AW (11, 23–26). Although it is
appealing to consider that this associa-
tion implies local inflammatory phenom-
ena that result in nerve and muscle dys-
function, global markers of inflammation

such as tumor necrosis factor-� and in-
terleukin-6 levels have not been shown to
be elevated in patients with ICU-AW com-
pared with nonweak comparator popula-
tions (27).

A number of medications have been
implicated as causes of ICU-AW with
most attention focusing on neuromuscu-
lar blocking agents and corticosteroids.
In animal models, corticosteroids can
produce very significant muscle atrophy
(28), and when these agents are com-
bined with denervation, an injury similar
to CIM is seen (1). This experimental ob-
servation may relate to the high inci-
dence of myopathy seen in patients with
status asthmaticus undergoing mechani-
cal ventilation who are exposed to both
corticosteroids and neuromuscular
blocking agents (29). In patients enrolled
in a trial to determine the effect of corti-
costeroids on proliferative-phase acute
respiratory distress syndrome, an in-
creased incidence of weakness and recur-
rent ventilator failure was observed in
patients receiving corticosteroids com-
pared with placebo (30).

Ideal glycemic control for critically ill
patients remains a controversial topic
with regard to appropriate patient selec-
tion and best targeted glucose level, but
some trials have demonstrated that
tighter control of blood sugars is associ-
ated with a reduction in the incidence of
CIP (31). This benefit appears to derive
from the glucose control itself as opposed
to a direct action of insulin (32). Preven-
tion of ICU-AW by specific algorithms to
control blood sugars to any given range
has not been demonstrated to date.

Immobility itself may be a significant
risk factor for the development of weak-
ness in the ICU. This notion is supported
by many studies that demonstrate muscle
atrophy during immobilization (see be-
low) and the rapid development of dia-
phragm atrophy in organ donor patients
undergoing controlled mechanical venti-
lation. However, some studies have
shown that healthy volunteers do not de-
velop significant reductions in muscle
force or fatigability with immobilization,
suggesting that immobility may be most
detrimental when occurring in combina-
tion with other insults present during
critical illness.

Pathophysiology

The pathophysiology of weakness de-
veloping within the ICU involves the in-
terplay of factors arising from either the

reduction in physical activity or the dis-
ease processes that have given rise to the
admission. Our neuromuscular machine
evolved to facilitate a regular high level of
physical activity combined with the ca-
pacity to withstand intermittent nutri-
tional insufficiency of protein. The result
is a large and highly plastic skeletal mus-
cle system that accounts for some 40% of
body mass and 50% body protein, which
responds closely to activity level, stress,
and the changing functional demands of
metabolism and inflammation. The
maintenance of skeletal muscle, its met-
abolic interrelations, and importantly,
early resumption of normal activity may
be critical to survival (33) Skeletal mus-
cle plays a central role in glucose ho-
meostasis and contributes to �50% of
whole-body glutamine supply (34).

The clinical symptoms and the patho-
logic changes seen in the critically ill
patient occurring both early and later in
the ICU stay are consistent with the
highly regulated and complex control
system integrating the function of the
brain along peripheral nerves through
muscle to the contractile machinery. It is
not surprising that a deficit at any point
in that chain of command can give rise to
weakness and that these deficits may be
multiple. It is now recognized that in
patients, there is a pathologic continuum
variable in extent and location that im-
pairs many aspects of nerve and muscle
function.

In the very severely ill patient, the
catabolic breakdown of muscle proteins
shows extreme losses approaching 2%
per day (35) and a daily decrease in the
fiber area of up to 3% to 4% (36). Muscle
biopsies show the greatest atrophy in the
contractile myosin filaments with relative
preservation of other structural proteins.
The normal myosin–actin ratio of 1.5 can
decline acutely to 0.5 and can take several
months to recover, and transcriptional
regulation of myofibrillar protein synthe-
sis plays an important role in this process
(37). The septic ICU patient shows in-
creased proteosome proteolytic activity
(38). In sepsis models, multiple proteo-
lytic and transcription pathways are ac-
tive (39). There is also evidence of a vas-
culopathy with marked endothelial
activation in both nerve (40) and muscle
(41). This combination of inflammation
and vascular pathology is common to
many organ systems involved in multiple
organ failure.
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Unloading a Muscle

An important contributor to muscle
weakness is the loss of mechanical load-
ing resulting from physical inactivity, bed
rest, or immobilization (42). Immobiliza-
tion limits the shortening of affected
muscle groups but allows development of
isometric force, whereas in contrast, in
bed rest (humans), spaceflight, lower
limb suspension, and hind limb unload-
ing (rodents), the resistance to shorten-
ing is largely abolished and changes in
muscle length are not impeded. Care
must be taken in the interpretation of the
model used and in comparing small ani-
mals with humans in which differences
have been noted.

Mechanical unloading stimulates a
complex adaptive response that results in
muscle atrophy and loss of specific force.
A characteristic feature of an unloaded
muscle is that it has the same number of
thick filaments but fewer actin filaments;
therefore, the force per cross-section is
lower (43). It should be noted that this
process is distinct from the more overt
loss of myosin thick filaments seen in
septic patients with multiple organ fail-
ure, confirming that unloading alone is
but one mechanism. Unloading of muscle
can cause both a slowing of protein syn-
thesis (44) and an accelerated protein
degradation (45–47). Evidence suggests
these responses are promoted by concur-
rent development of oxidative stress
caused by increased production of reac-
tive oxygen species (48).

The Diaphragm

Unloading or inactivity of the dia-
phragm in the ICU is a major concern.
Prolonged controlled mechanical ventila-
tion (CMV) can promote diaphragmatic
atrophy and contractile dysfunction (49);
as few as 18 hrs of CMV can result in
diaphragmatic atrophy in both laboratory
animals and humans (50). Animal studies
suggest that mechanical ventilation us-
ing a pressure support mode may limit
ventilator-induced protein catabolism
(51, 52), but measures of atrophy have
not been made. Inactivity of the dia-
phragm is a major problem, but even
short (i.e., 5-min) periods of intermittent
spontaneous breathing during CMV may
have the potential to retard the damaging
effects of CMV on diaphragmatic contrac-
tile dysfunction (53).

In parallel to the short time course of
CMV-induced atrophy, prolonged CMV

promotes a time-dependent and progres-
sive decrease in diaphragmatic-specific
force production at both submaximal and
maximal stimulation frequencies (54).
Six hrs of CMV is associated with a 30%
decrease in mixed protein synthesis and a
65% decline in the rate of myosin heavy
chain protein synthesis (55). Prolonged
CMV activates several proteases in the
diaphragm, including calpain, caspase-3,
and the ubiquitin proteasome system of
proteolysis. With CMV lasting �6 hrs,
increases in biomarkers of oxidative in-
jury occur (i.e., protein carbonyls and
lipid peroxidation), and key contractile
proteins such as actin and myosin are
oxidized in the diaphragm (56). A redox
disturbance occurs because of increased
reactive oxygen species production and a
diminished antioxidant capacity in the di-
aphragm (57). Treatment of animals with
an antioxidant can impede CMV-induced
diaphragmatic atrophy and contractile
dysfunction (58).

Inflammation

After noninjurious exercise stimulus,
the cytokine pattern observed in plasma
contrasts with that observed after an in-
flammatory stimulus from sepsis or se-
vere infections. In sepsis, the proinflam-
matory cytokines, tumor necrosis
factor-� and interleukin (IL)-1�, domi-
nate the inflammatory cascade, whereas
interleukin-6, a cytokine with both pro-
and anti-inflammatory effects, consis-
tently dominates the cascade in response
to exercise stimuli (59). IL-6 serves to
regulate blood glucose homeostasis
through stimulation of glycogenolysis
and glucose release from the liver, and
the anti-inflammatory effects of IL-6
include inducing IL-10 and IL-1ra and
inhibiting tumor necrosis factor-�. In pa-
tients with chronic obstructive pulmo-
nary disease, their increasingly sedentary
lifestyle may be a primary contributor to
profound limb muscle atrophy, but given
that systemic chronic inflammation oc-
curs in chronic obstructive pulmonary
disease, this process may interact with
inactivity to cause deleterious effect on
skeletal muscle (60).

The inflammatory process in healthy
people after exercise-associated muscle
damage is dominated initially by a de-
structive phase that is tightly titrated and
modulates a reparative, regenerative
phase. Elevated levels of cytokines ex-
pressed locally within the muscle and de-
tected in the plasma with increased ex-

pression of adhesion molecules on
circulating leukocytes and on the muscle
vasculature are early signs. A subsequent
leukocyte invasion is central to the re-
moval of damaged tissue and its success-
ful regeneration. This later process is per-
haps impaired in the critically ill because
widespread leukocyte invasion into skel-
etal muscle is an uncommon histologic
observation in patients in the ICU. Anti-
inflammatory interventions aimed to-
ward tempering muscle wasting and
weakness in chronic obstructive pulmo-
nary disease may not be beneficial be-
cause of longer-term disruption of the
regeneration of muscle tissue (61). Exer-
cise training for 8 to 10 wks that im-
proved exercise capacity did not also
lower plasma and muscle inflammatory
cytokines or markers of muscle regener-
ation (62, 63). Whether chronic obstruc-
tive pulmonary disease-associated inflam-
mation is directly linked to muscle
wasting is complicated by the fact that
patients with chronic obstructive pulmo-
nary disease have extremely limited activ-
ity levels, which might be the primary
cause of atrophy. In contrast to limb
muscles, the respiratory muscles that are
overused demonstrate beneficial train-
ing-like effects (64), and inflammation is
not a common feature of abnormal mor-
phology in the diaphragm in chronic ob-
structive pulmonary disease (65).

Sepsis

In sepsis, derangements occur at mul-
tiple subcellular sites involved in the
pathway of excitation–contraction cou-
pling, including decreased membrane ex-
citability, injured sarcolemmal mem-
branes, altered calcium homeostasis, and
disrupted contractile protein interactions
(66). Just as clinical sepsis covers a wide
spectrum, the various animal research
models used to study sepsis also can
range from multiple organism septice-
mias down to endotoxemias, and this
makes the interpretation of data a chal-
lenge. Sepsis induces a myopathy charac-
terized by reductions in muscle force-
generating capacity, atrophy (loss of
muscle mass), and altered bioenergetics.
Respiratory muscle strength declines
within hours of induction of sepsis. Dec-
rements in diaphragm-specific force gen-
eration (force normalized per muscle
cross-sectional area) occur before any ev-
idence of reductions in diaphragm mass
or diaphragm protein content (67). Force
generation and fatigability in the adduc-
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tor pollicis muscle of critically ill septic
patients were assessed and compared
with data from normal individuals (before
and after cast immobilization) (9). Al-
though 2 wks of lower arm immobiliza-
tion had no effects on force generation in
control subjects, the force generation was
severely reduced in the septic patients. In
more prolonged models of sepsis, muscle
wasting is a prominent feature and is
thought to result from increased proteol-
ysis and decreased protein synthesis (68),
and reductions in both limb muscle force
generation and mass occur (69).

Muscle in some circumstances ap-
pears to be electrically inexcitable (70)
leading to the concept that ICU-associ-
ated weakness in some patients repre-
sents an acquired channelopathy involv-
ing dysregulation of sodium channels. It
has been shown that a nonexcitable mus-
cle membrane on direct muscle stimula-
tion in ICU patients predicts ICU-AW
(71). Membrane inexcitability also occurs
acutely in the nerve in animal models and
may explain the acute nerve dysfunction
and its more rapid recovery seen in the
critically ill (72). A chronic sepsis model
showed evidence of decreased muscle
membrane excitability, corroborating
findings in the denervation steroid model
(73). Diaphragm myofibers in septic ani-
mal models, visualized with a fluorescent
tracer dye that did not enter cells with
intact membranes, demonstrated a mark-
edly greater level of sarcolemmal damage
than in control animals. Mechanical ven-
tilation in septic animals prevented sar-
colemmal damage in the diaphragm (74).

Sepsis induces contractile dysfunction
at the level of the myofilaments, and free
radicals modulate these alterations (75,
76). Reductions in single-fiber force gen-
eration correlate closely with the ob-
served reductions in muscle-specific
force generation in intact muscles (e.g.,
single-fiber force generation and intact
muscle force generation are reduced to
the same degree) and therefore can ex-
plain much of the contractile dysfunction
in sepsis. A superoxide scavenger (i.e.,
PEG-SOD) or an inhibitor of nitric oxide
synthesis (NG-nitro-L-arginine methyl es-
ter) can attenuate endotoxin-induced re-
ductions in muscle contractile protein
force generation, providing evidence that
free radicals are linked to sepsis-induced
contractile protein dysfunction (77). A
free radical scavenger (PEG-SOD) or a
nitric oxide synthase inhibitor (L-NAME)
can prevent both endotoxin-mediated
physiological alterations in state 3 respi-

ration and depletion and modification of
selective mitochondrial proteins, impli-
cating peroxynitrite (the reaction product
of superoxide and nitric oxide) in the
pathogenesis of sepsis-induced dia-
phragm mitochondrial dysfunction (78).

Muscle wasting occurs later in the
course of systemic inflammation and re-
sults from increased proteolytic degrada-
tion as well as decreased protein synthe-
sis (79). The mechanisms leading to
sepsis-induced changes in skeletal mus-
cle are linked to excessive localized elab-
oration of proinflammatory cytokines,
marked increases in free radical genera-
tion (80), and activation of proteolytic
pathways that are upstream of the protea-
some, including caspase (67) and calpain
(81). The ubiquitin ligases atrogin-1 and
MuRF1 are marked features of muscle
atrophy in sepsis (82, 83) and appear up-
regulated by the FoxO family (Forkhead
box O) transcription factors in many dif-
ferent situations. Expression of constitu-
tively active FoxO3 induces expression of
multiple atrogenes, including atrogin-1,
and causes atrophy of muscle. FoxO3
stimulates overall protein degradation
coordinating proteosomal, but also lyso-
somal, proteolysis by activating autoph-
agy (84). Glucocorticoid excess induces
or exacerbates muscle wasting and is as-
sociated with expression and activity of
these transcription factors, including
FoxO 1, 3, and 4 as well as the nuclear
cofactor p300 (28). Activation of the cal-
pain system leads to the disruption of the
sarcomere and release of myofilaments so
that they can be ubiquinated and de-
graded by the 26S proteasome (85). Cal-
pain activation (86) also inhibits Akt ac-
tivity resulting in activation of FoxO
transcription factors and GSK-3� and
stimulation of muscle proteolysis with in-
activation of mammalian target of rapa-
mycin, therefore inhibiting protein syn-
thesis. Inhibition of these pathways may
alter the evolution and progression of
sepsis-induced myopathy and potentially
reduce the incidence of sepsis-mediated
acquired weakness syndromes.

Protein Synthesis

In the critically ill, muscle loss is a
result of an inability to maintain rates of
protein synthesis above those of protein
breakdown. Even when muscle proteoly-
sis is stimulated massively, with a result-
ant rise in intracellular amino acids, the
pool of available amino acids is not suffi-
cient to stimulate and sustain muscle

protein synthesis equal to breakdown,
and net loss occurs.

The basal rates of muscle protein
turnover in healthy older persons are not
altered from those in younger adults (87).
Rather, the ability to capture amino acids
from the blood after feeding is compro-
mised, and the response to increasing the
amount of amino acids in the blood is
limited and cannot fully overcome this
anabolic resistance. Although insulin
plays almost no role in stimulating mus-
cle protein synthesis in human muscle, it
is of great importance in inhibiting mus-
cle protein breakdown (88). A 50% fall in
muscle proteolysis occurs with only 15
�U/mL�1 insulin in the presence of nor-
mal amino acid concentrations in young
adults, whereas in older subjects, insulin
has little effect. In studies in humans of
either limb immobilization or extended
bed rest, a reduction in muscle protein
synthesis was sufficiently large to explain
the observed fall in muscle mass without
invoking any rise in muscle protein
breakdown (89, 90) days. In contrast with
small animal studies, these studies do not
show any rise in proteolytic markers. Im-
mobilizing patients in bed is likely to
make it harder for them to maintain body
protein, because they appear unable to
respond to the normal feed stimulus of
amino acids (91). Stress and inflamma-
tion elevate protein breakdown (92), and
if this results in amino acids stimulating
muscle protein maximally, one would
predict that providing additional amino
acids in nutritional form is unlikely to
reverse muscle wasting while the patient
remains inactive. Nutritive blood flow
(93) is an important feature of the ana-
bolic response to food and insulin and
depends on the opening of a network of
vessels in muscle, which is particularly
sensitive to insulin at low concentrations.
This is likely to decrease with age and
immobilization, and a major problem
may be shunting of blood flow past the
metabolically active compartment, except
for egress of amino acids (94).

Bed Rest

Traditionally, it has been considered
that a “period in bed for the treatment of
illness” or bed rest, is beneficial. Al-
though short periods of rest and 6 to 9
hrs of sleep are necessary for repair and
recuperation, and although reduced ac-
tivity lowers metabolic demands, reduces
hemorrhage, and may alleviate pain,
there is little evidence that prolonged bed
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rest (more than 24–48 hrs) has any ben-
efit (95). Clinical studies invariably show
more harm than benefit from enforced
prolonged bed rest. Exercise has pro-
nounced effects on immune signaling
and, after a marathon run, IL-6 concen-
trations increased by approximately 100
times their levels at rest (96). IL-6 in the
systemic circulation after exercise does
not represent inflammation in damaged
muscle. It has been shown that nondam-
aging exercise is a major stimulus to IL-6
release (97). In contrast to the effects of
sepsis, concentrations of IL-1 and tumor
necrosis factor-� do not increase sub-
stantially with exercise nor does IL-6
stimulate release of nitric oxide or matrix
metalloproteinases. Rather, IL-6 is a
strong inhibitor of the inflammatory cy-
tokines tumor necrosis factor-� and IL-1,
and it blocks IL-1 receptors and results in
elevated concentrations in plasma of the
anti-inflammatory mediators IL-1ra and
IL-10. Regular exercise acting through
IL-6 may reduce systemic vascular in-
flammation with decreased C-reactive
protein (98), prevent atherogenesis, and
improve insulin sensitivity. Given that
tumor necrosis factor-� may trigger IL-6
release, it is possible that adipose-derived
tumor necrosis factor-� is the “bad”
driver of inflammatory processes,
whereas skeletal muscle IL-6 might be a
“defense” mechanism against the proin-
flammatory actions of tumor necrosis
factor (99). Exercise may maintain this
important IL-6 regulation of health and
disease.

Within 48 hrs of recumbency, many
critically ill patients show partial or com-
plete atelectasis of the left lower lobe on
chest radiographs (100). In healthy sub-
jects, bed rest of just 5 days results in
insulin resistance, higher blood glucose,
and significant increases in blood con-
centrations of total cholesterol and trig-
lycerides (101). Dysfunction of the sys-
temic microvascular endothelium
function may occur with inactivity and
contribute to insulin resistance and nu-
tritive supply to muscle. A reactive hyper-
emic response to 5 mins of large artery
occlusion was significantly blunted after
5 days of bed rest (after only 3 days in the
forearm) in normal subjects. The signifi-
cance of these findings to critically ill
patients is not known but may also in-
crease the risk of multiple organ dysfunc-
tion, gastrointestinal bleeding, intestinal
ischemia, and skin ulcers. Reducing the
consequences of bed rest on muscle and
joints has been shown through resistance

exercise in normal subjects (102), contin-
uous passive motion devices in the criti-
cally ill (103), and through electrical
stimulation in patients with chronic ob-
structive pulmonary disease (104). Al-
though activation of only part of the mus-
cular system may show benefits, it is
more likely that early ambulation or
other forms of whole-body exercise will
truly reverse the adverse consequences of
bed rest.

Prevention and Treatment

Given the association ICU-AW with a
number of risk factors, reducing patient
exposure when possible to these risk fac-
tors would appear a prudent approach to
patient care, even if the amount of data
from prospective trials in large popula-
tions is scant or nonexistent for most of
these risk factors. Accordingly, limiting
critically ill patients’ exposure to cortico-
steroids and neuromuscular blocking
agents is a generally recommended ap-
proach to limit adverse affects on the
peripheral nervous system (1, 29). Simi-
larly, most authors believe some degree
of glycemic control is needed for criti-
cally ill patients, but the target range to
avoid undesirable hypoglycemia and its
consequences remains a topic of active
investigation. Whether early nutrition or
the use of specific nutritional supple-
ments or components will limit loss of
muscle mass or enhance recovery from
muscle loss remains an area of debate and
exploration. Limiting patient exposure to
excessive sedation and analgesia during
mechanical ventilator support is another
approach that can limit the duration of
time on the ventilator, the duration of
bed rest, and conceivably, the develop-
ment of ICU-AW (105–107).

Most promising for the management
of ICU-AW has been the demonstration in
a number of recent studies of the feasi-
bility and benefits of early, targeted phys-
iotherapy for critically ill patients, even
while they are undergoing life- and or-
gan-support interventions. A number of
studies have proven that mobilization of
critically ill patients is safe (108, 109) and
can be facilitated with modest additions
of staff and equipment to the ICU (110).
In a recent randomized controlled trial,
investigators reported that early physical
and occupational therapy, coupled with a
sedative holiday, resulted in a reduction
in the duration of mechanical ventilation,
reduction in ICU length of stay, and re-
duction in the magnitude of delirium

(111). In addition, there was a near dou-
bling of the fraction of patients who had
achieved independent functional status at
the time of hospital discharge. Using a
bedside cycle ergometer, another recent
randomized controlled trial showed that
in addition to standard physiotherapy,
those who had passive (initially when se-
dated) and then moving to active cycling
exercises in the ICU for 20 mins 5 days a
week had an improved 6-min walking dis-
tance and physical satisfaction score at
hospital discharge (112). If these benefits
can be demonstrated to be durable over
time and the results of these seminal
trials confirmed in larger multicenter tri-
als, this approach to early mobilization of
patients, termed “animation” by the one
of the authors, may become a standard
approach to patient management.

CONCLUSIONS

ICU-AW is a common complication of
critical illness, particularly in patients
undergoing mechanical ventilation
and/or with conditions leading to sys-
temic inflammatory response syndrome.
The weakness and disability that result
from these neuromuscular disorders can
dominate the long-term course and im-
pede recovery. A number of risk factors
associated with development of weakness
during critical illness have been identi-
fied. Much remains to be understood re-
garding the pathophysiological pathways
resulting in weakness, and lessons may
be derived from studies of models of dis-
use, aging, chronic lung disease, and
sepsis. Early trials have proven the fea-
sibility of more aggressive use of phys-
iotherapy early in the course of critical
illness, and one prospective randomized
trial has demonstrated enhanced recov-
ery of independent functional status by
such measures.
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