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Neuromuscular complications of critical illness are common, and can be severe and persistent, with
substantial impairment in physical function and long-term quality of life. While the etiology of
ICU-acquired weakness (ICUAW) is multifactorial, both direct (ie, critical illness neuromyopathy)
and indirect (ie, immobility/disuse atrophy) complications of critical illness contribute to it. [CUAW
is often difficult to diagnose clinically during the acute phase of critical illness, due to the frequent
use of deep sedation, encephalopathy, and delirium, which impair physical examination for patient
strength. Despite its limitations, physical examination is the starting point for identification of
ICUAW in the cooperative patient. Given the relative cost, invasiveness, and need for expertise,
electrophysiological testing and/or muscle biopsy may be reserved for weak patients with slower
than expected improvement on serial clinical examination. Currently there are limited interventions
to prevent or treat ICUAW, with tight glycemic control having the greatest supporting evidence.
There is a paucity of clinical trials evaluating the specific role of early rehabilitation in the chronic
critically ill. However, a number of studies support the benefit of intensive rehabilitation in patients
receiving chronic mechanical ventilation. Furthermore, emerging data demonstrate the safety,
feasibility, and potential benefit of early mobility in critically ill patients, with the need for multi-
center randomized trials to evaluate potential short- and long-term benefits of early mobility,
including the potential to prevent the need for prolonged mechanical ventilation and/or the devel-
opment of chronic critical illness, and other novel treatments on patients’ muscle strength, physical
function, quality of life, and resource utilization. Finally, the barriers, feasibility, and efficacy of
early mobility in both medical and other ICUs (eg, surgical, neurological, pediatric), as well as in
the chronic critically ill, have not been formally evaluated and require exploration in future clinical
trials. Key words: bed rest; critical care; early ambulation; intensive care units;, muscle weakness;
neuromuscular diseases; paresis. [Respir Care 2012;57(6):933-944. © 2012 Daedalus Enterprises]
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Introduction

Over recent decades, decreasing mortality from critical
illness has led to an increasing number of ICU survivors.'-2
Understanding the post-ICU morbidity experienced by
these survivors has become increasingly important. In par-
ticular, neuromuscular abnormalities during critical illness
are common, with a median prevalence of 57% (range
9-87%).? In both patients with chronic critical illness and
survivors of severe critical illness, neuromuscular weak-
ness may be substantial and persistent, resulting in impor-
tant decrements in physical function and quality of life.#~7

The etiology of neuromuscular weakness in critically
ill patients is multifactorial.® Some ICU patients have pre-
morbid weakness associated with other chronic disease.
However, there is growing recognition that both critical
illness and its associated treatments lead to muscle and
nerve injury. Disuse atrophy from prolonged immobility
and specific conditions, such as critical illness polyneu-
ropathy (CIP) and critical illness myopathy (CIM), con-
tribute to ICU-acquired weakness (ICUAW). No specific
treatment exists for ICUAW. Understanding its etiology,
pathophysiology, and risk factors may be important for
prevention. This review addresses these issues and pro-
vides an approach to the diagnosis and management of
ICUAW.

Etiology and Pathophysiology
of ICU-Acquired Weakness

Immobility and Disuse Atrophy

Prolonged immobility from bed rest is common in many
ICUs and may contribute to ICUAW.* 10 Immobility leads
to decreased muscle protein synthesis, increased muscle
catabolism, and decreased muscle mass, especially in the
lower extremities.!!-'> These changes manifest as reduced
cross-sectional muscle area and decreased contractile
strength. Moreover, there is a general shift from slow
twitch (type I) to fast twitch (type II) muscle fibers, lead-
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ing to reduced muscle endurance.!? Experiments in healthy
volunteers reveal that muscle atrophy begins within
hours of immobility,'# resulting in a 4—5% loss of muscle
strength for each week of bed rest.!> The interaction of
critical illness with immobility may lead to even greater
muscle loss.!¢ In a prospective study of 109 ARDS survi-
vors, patients lost 18% of their baseline body weight by
ICU discharge.© Age may also be an important factor, as
more elderly sarcopenic patients are admitted to the ICU,
and begin with a lower muscle mass at baseline.!” Fur-
thermore, muscle quality declines with aging, resulting in
increased intramuscular fat, with associated decreased
muscle thickness and cross-sectional area.'® Short-term
immobility also impairs microvascular function and in-
duces insulin resistance,'® which may contribute to neuro-
muscular injury in the critically ill. Finally, immobility
increases production of pro-inflammatory cytokines and
reactive oxygen species, resulting in further muscle pro-
teolysis, with a net loss of muscle protein and subsequent
muscle weakness.?®

Critical Illness Polyneuropathy and Myopathy

First described in 1984 in association with sepsis, CIP is
a diffuse and symmetric sensorimotor axonal neuropathy.?!
The mechanism of axonal degeneration may be multifac-
torial, including: impaired oxygen and nutrient delivery
from microcirculatory dysfunction in peripheral nerves,
due to sepsis and/or hyperglycemia, and increased endo-
neuronal edema, due to cytokine-induced changes in micro-
vascular permeability; and neuronal bioenergetic failure
from mitochondrial dysfunction, due to increased uptake
of glucose and subsequent reactive oxygen species gener-
ation.??23 Furthermore, cytokines may exert direct toxic
effects on peripheral nerves, and there may be a humoral
neurotoxic factor involved in the pathogenesis of CIP.2*

CIM represents a spectrum of ICU-acquired muscle
pathology involving metabolic, inflammatory, and bio-
energetic muscle derangements. Decreased oxygen and
nutrient delivery to muscles, upregulation of protein ca-
tabolism by pro-inflammatory cytokines, decreased expres-
sion of myofibrillar repair genes, and an imbalance in
anabolic and catabolic hormones contribute to CIM.?223
Functional inactivation of the remaining muscle may oc-
cur due to membrane inexcitability from acquired ion-
channel dysfunction and excitation-contraction decoupling,
due to impaired calcium release within muscle fibers.?

CIP and CIM often coexist, commonly referred to col-
lectively as critical illness neuromyopathy (CINM). Mus-
cle that is functionally denervated (from CIP) and directly
injured (from CIM) may have increased susceptibility to
additional insults and injury (eg, corticosteroid-induced
myopathy).2¢ Furthermore, weakness from CINM may be
enhanced by immobility.?”

RESPIRATORY CARE ® JUNE 2012 VoL 57 No 6



CRITICAL ILLNESS NEUROMYOPATHY AND THE ROLE OF PHYSICAL THERAPY AND REHABILITATION

In addition to the effects of critical illness on skeletal
muscle, diaphragmatic involvement may occur, with atro-
phy and reduced muscle force.?® In a study of brain-dead
organ donors (with effective functional denervation), even
short-term diaphragmatic inactivity with controlled me-
chanical ventilation may result in marked diaphragmatic
atrophy.?® We hypothesize that this “2-hit” combination of
immobilization and the early development of subclinical
CINM may contribute to rapid muscle atrophy.3°

Risk Factors for ICU-Acquired Weakness

Although there are a number of commonly cited risk
factors for ICUAW (Table 1), many lack consistent sup-
port from methodologically rigorous clinical studies.340
Furthermore, heterogeneous patient populations and the
lack of an accepted taxonomy for [ICUAW make compar-
isons across studies difficult.3-4!

There are limited and conflicting data regarding the as-
sociation between patient demographics and severity of
illness with ICUAW.340 Hyperglycemia is the most con-
sistently identified risk factor for ICUAW.340 Subgroup
analyses from 2 large, single-center, randomized trials3!-3°
demonstrated a substantial decrease in ICUAW (relative
risk 0.65, 95% CI 0.55-0.78) in patients receiving inten-
sive insulin therapy for tight glycemic control who were
mechanically ventilated for = 7 days.*® However, since
ICUAW was not the primary outcome in either trial, con-
clusions from these subgroup analyses have important
limitations.*°

There is substantial controversy regarding the role of
systemic corticosteroids in ICUAW. A prospective study
reported that corticosteroids was the single largest risk
factor for ICUAW (odds ratio [OR] 14.9, 95% CI 3.2—
69.8). However, a number of other studies, including
systematic reviews, failed to demonstrate a consistent as-
sociation between corticosteroids and ICUAW .3:31-39 Con-
versely, a recent study demonstrated decreased ICUAW in
patients randomized to intensive insulin therapy who also
received corticosteroids in the ICU (OR 091, 95% CI
0.86-0.97).3! Hyperglycemia may partially mediate the
deleterious effects of corticosteroids on the neuromuscular
system, such that the anti-inflammatory effects of cortico-
steroids may be protective against ICUAW when blood
glucose is strictly controlled.?!-34

Despite early reports of persistent weakness following
prolonged administration of neuromuscular blockade, 6
prospective studies did not find a significant association
with ICUAW.434-37.39 A significant association reported
in 2 other studies may have resulted from larger doses and
a longer duration of neuromuscular blockade than occurs
in current clinical practice.?!-38
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Clinical Manifestations and Diagnosis
of ICU-Acquired Weakness

ICUAW is often difficult to diagnose clinically during
the acute phase of critical illness, due to the frequent use
of deep sedation, encephalopathy, and delirium, which im-
pair physical examination for patient strength.*> Conse-
quently, ICUAW is typically recognized during recovery
from critical illness when there is either prolonged or failed
weaning from mechanical ventilation or profound weak-
ness or quadriplegia in an awake patient.*3

Physical Examination

Physical examination of muscle strength is commonly
conducted using the Medical Research Council (MRC)
scale (range: 0 = no muscle contraction, to 5 = normal
strength).** Such physical examination can be challenging
because it requires patient effort and cooperation, which
may be limited by sedation, delirium, or coma.*> As a
measure of overall muscle strength, a composite MRC
score from examination of 3 muscle groups in each limb is
commonly used. This composite MRC score has excellent
inter-rater reliability within specific non-ICU patient pop-
ulations, as well as in survivors of critical illness.45-47
Clinically important muscle weakness has been arbitrarily
defined as a composite MRC score << 80% of normal (eg,
a score < 48 out of a maximum of 60 based on examina-
tion of 3 muscle groups in each limb).##4% Typically,
symmetric weakness is observed in all limbs, ranging from
mild paresis to frank quadriplegia. In non-cooperative pa-
tients with ICUAW, noxious stimuli applied to each ex-
tremity may elicit facial grimacing with limited or absent
patient withdrawal, reflecting the typical pattern of periph-
eral weakness with relative sparing of facial muscles.

Similar to the motor examination, the sensory exami-
nation is frequently limited by sedation, delirium, and/or
peripheral edema. Deep tendon reflexes may be dimin-
ished or absent in CINM, but normal reflexes do not rule
out ICUAW. Hyper-reflexia or associated spasticity sug-
gests an alternative diagnosis (eg, central nervous system
etiology), and further investigations (eg, brain and spinal
cord imaging) should be considered.

Electrophysiological Testing

Given the limitations of physical examination, electro-
physiological testing (ie, motor/sensory nerve conduction
studies and needle electromyography) may be used in the
diagnostic workup for ICUAW. In patients with CIP,
nerve conduction studies often reveal a mixed sensori-
motor axonopathy (ie, reduced compound muscle action
potential and sensory nerve action potential amplitudes)
with relative preservation of the nerve conduction veloc-
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Table 1.  Risk Factors for ICU-Acquired Weakness
Risk Factor Study Design* N Definition of ICUAW Evidence of Association
Patient Factors
Age Prospective 95  Clinical No association between age and ICUAW*

Secondary analysis* 420  Electrophysiological testing Older age negatively associated (OR 0.98,
95% CI 0.96-0.99 per year) with ICUAW?!

Retrospective 50  Clinical Older age significantly associated with ICUAW
(P = .01)*?

Secondary analysis 128  Clinical No association between age and ICUAW™

Sex Prospective 95  Clinical Female sex significantly associated (OR 4.7,
95% CI 1.2-18.3) with ICUAW*

Secondary analysis 420  Electrophysiological testing No association between sex and ICUAW?'

Prospective 474 Clinical No association between sex and ICUAW?*

Secondary analysis 128  Clinical No association between sex and ICUAW??

Severity of illness Prospective 95  Clinical No association between admission SAPS IT
score and ICUAW*

Secondary analysis 420  Electrophysiological testing No association between admission APACHE II
score or maximal daily SOFA score and
ICUAW?!

Prospective 61  Clinical, electrophysiological testing Admission SOFA score significantly associated
(OR 1.15, 95% CI 1.02-1.36) with
ICUAW?

Prospective 98  Clinical, electrophysiological testing Admission APACHE III score significantly
associated (P < .05) with ICUAW in
multivariable analysis®®

Prospective 474 Clinical Admission APACHE 1I score significantly
associated (OR 1.08, 95% CI 1.02-1.15)
with ICUAW?

Prospective 44 Clinical, electrophysiological testing, =~ No association between APACHE II score and

muscle biopsy ICUAW?Y

Retrospective 50  Clinical No association between SAPS-2 or SOFA
score and ICUAW??

Prospective 73 Electrophysiological testing No association between APACHE II score and
ICUAW?®

ICU Exposures
Blood glucose Prospective 95  Clinical No association between daily blood glucose
level and ICUAW*

Secondary analysis 405  Electrophysiological testing Hyperglycemia significantly associated
(OR 1.26, 95% CI 1.09-1.46 per mmol
blood glucose) with ICUAW?®

Secondary analysis 420  Electrophysiological testing Tight glycemic control significantly reduced
the incidence of ICUAW (51% vs 39%,

P = .02)*

Prospective 474 Clinical Hyperglycemia significantly associated
(OR 2.86, 95% CI 1.30-6.30) with
ICUAW?’

Retrospective 50  Clinical Highest daily glucose level significantly
associated (P < .001) with ICUAW?>?

Corticosteroids Prospective 95  Clinical Corticosteroids significantly associated
(OR 14.9, 95% CI 3.2-69.8) with ICUAW*

Secondary analysis 405  Electrophysiological testing No association between corticosteroids and
ICUAWY

Secondary analysis 420  Electrophysiological testing Corticosteroids negatively associated (OR 0.91,
95% CI 0.86-0.97) with ICUAW in patients
receiving tight glycemic control®'

Prospective 61 Clinical, electrophysiological testing No association between corticosteroids and
ICUAW?

Prospective 98  Clinical, electrophysiological testing No association between corticosteroids and
ICUAW?¢

(continued)
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Table 1.  Risk Factors for ICU-Acquired Weakness (continued)
Risk Factor Study Design* N Definition of ICUAW Evidence of Association

Prospective 474 Clinical No association between corticosteroids and
ICUAW?*

Prospective 44 Clinical, electrophysiological testing, =~ No association between corticosteroids and

muscle biopsy ICUAW®

Retrospective 50  Clinical No association between corticosteroids and
ICUAW?Y

Prospective 73 Electrophysiological testing No association between corticosteroids and
ICUAW*

Secondary analysis 128  Clinical No association between corticosteroids and
ICUAW*!

NMBA Prospective 95  Clinical No association between NMBA and ICUAW*

Secondary analysis 405  Electrophysiological testing No association between NMBA and ICUAW??

Secondary analysis 420  Electrophysiological testing Prolonged NMBA significantly associated
(OR 2.01, 95% CI 1.10-3.99) with
ICUAW?**

Prospective 61  Clinical, electrophysiological testing No association between NMBA and ICUAW?*

Prospective 98  Clinical, electrophysiological testing No association between NMBA and ICUAW?>®

Prospective 474 Clinical No association between NMBA and ICUAW**

Prospective 44 Clinical, electrophysiological testing, ~ No association between NMBA and ICUAW?’

muscle biopsy

Prospective 73 Electrophysiological testing NMBA use significantly associated (OR 16.32,
95% CI 1.34-199) with ICUAW?®

Aminoglycosides Prospective 95  Clinical No association between aminoglycosides and
ICUAW*

Prospective 474 Clinical Aminoglycosides significantly associated
(OR 4.06, 95% CI 1.83-9.00) with
ICUAW?*

Sepsis/SIRS Prospective 61  Clinical, electrophysiological testing Duration of SIRS during the first week of ICU
admission significantly (OR 1.05, 95% CI
1.01-1.15) associated with ICUAW?>>

Prospective 98  Clinical, electrophysiological testing Presence of SIRS significantly associated (P
< .05) with ICUAW in multivariate
analysis™®

Prospective 44 Clinical, electrophysiological testing, ~ No association between presence of sepsis and

muscle biopsy ICUAW??

Total parenteral Prospective 474  Clinical Total parenteral nutrition not associated with

nutrition ICUAW?
Prospective 73 Electrophysiological testing Total parenteral nutrition significantly

* Secondary analysis of a randomized controlled trial.
ICUAW = ICU-acquired weakness

OR = odds ratio

SAPS = Simplified Acute Physiology Score

APACHE = Acute Physiology and Chronic Health Evaluation
SOFA = Sequential Organ Failure Assessment

NMBA = neuromuscular blocking agent

SIRS = systemic inflammatory response syndrome

associated (OR 5.11, 95% CI 1.14-22.88)
with ICUAW?®

ity.?2 These electrophysiologic changes can be detected as
early as 24—48 hours following the onset of critical ill-
ness, and often precede clinical findings in these patients.*®
Despite their potential utility in sedated or comatose pa-
tients, certain technical factors, including local edema and
limb temperature, can interfere with nerve conduction stud-
ies testing.>”
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In patients with CIM, prolongation of compound muscle
action potential duration suggests the presence of a myo-
pathic process (ie, not due to muscle denervation).>° Direct
muscle stimulation may yield reduced or absent responses
in CIM, but normal responses in CIP. On needle electro-
myography, CIM will manifest as short duration, low am-
plitude motor unit action potentials, with early recruitment
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Table 2.

Clinical, Electrophysiological, and Histological Features of ICU-Acquired Weakness

Disuse Atrophy*

Critical Illness Myopathy* Critical Illness Polyneuropathy*

Physical Examination Sensory deficits: none

Strength: normal or decreased, but
markedly diminished endurance

Deep-tendon reflexes: preserved or
depressed

Typically normal

CMAP amplitude may be
modestly decreased with
preserved SNAP

Polyphasic MUAP

Absence of spontaneous EMG
activity

Electrophysiology Studies
(EMG/NCS)

Shift in muscle fibers from slow
twitch (type I) to fast twitch
(type II)

Reduced size of muscle fiber

Little or no inflammatory infiltrate

Histopathology

Sensory deficits: none
Strength: proximal > distal

Deep-tendon reflexes: preserved
CMAP amplitude decreased with

Short duration, low amplitude

Direct muscle stimulation may

Thick filament (myosin) loss with

Sensory deficits: distal

Strength: distal > proximal
muscle weakness

Deep-tendon reflexes: preserved
or depressed

CMAP and SNAP amplitudes
decreased

Conduction velocity normal

MUAP normal

Direct muscle stimulation may
yield normal responses

Abnormal spontaneous EMG
activity may be present

muscle weakness

or depressed

preserved SNAP

MUAP with early recruitment
of MUAPs on volitional

contraction

yield reduced or absent
responses

Abnormal spontaneous EMG

activity may be present

Primary axonal degeneration of
both motor and sensory nerve
fibers, most severe distally

preferential atrophy of type II
muscle fibers

Necrosis and regeneration of

muscle fibers possible

Inflammatory infiltrate possible

* Since these causes of muscle weakness frequently coexist, their findings may coincide in individual patients.

EMG = electromyography

NCS = nerve conduction studies

CMAP = compound muscle action potential measured using NCS
SNAP = sensory nerve action potential measured using NCS
MUAP = motor unit action potential measured using EMG

on volitional contraction. Furthermore, non-specific ab-
normal spontaneous activity, including fibrillation poten-
tials and positive sharp waves, may be present in CIM and
CIP.>°

Muscle Biopsy

Definitive diagnosis of an underlying myopathy requires
histologic confirmation with a muscle biopsy. Histopatho-
logic findings consistent with CIM include muscle fiber
atrophy, occasional fiber necrosis and regeneration, and
selective thick filament (myosin) loss.>°

Given that CIP and CIM frequently coexist, it may be
difficult to differentiate between these conditions, even
using available clinical, electrophysiological, and histo-
logical data (Table 2). There are limited and conflicting
data regarding prognostic differences between CIP and
CIM.#3>! However, prognosis may be correlated with the
degree of neuronal involvement and severity of ICUAW.
Patients who have a predominantly myopathic process may
have a more favorable outcome than those with CIP and
profound weakness.”® A recent study demonstrated that
patients with isolated CIM more frequently had electro-
physiological signs of recovery as well as less severe weak-
ness, as compared to patients with CINM.>2
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Despite its limitations, physical examination is the start-
ing point for identification of ICUAW in the cooperative
patient (Table 3). Given the relative cost, invasiveness,
and need for specialist physicians and technicians, elec-
trophysiological testing and/or muscle biopsy may be re-
served for weak patients with slower than expected im-
provement on serial clinical examination.

Epidemiology of ICU-Acquired Weakness

The reported incidence of ICUAW varies according to
how the syndrome is defined, the diagnostic modalities
used, and the specific population studied. A key issue in
determining the incidence of ICUAW is the difficulty in
ascertaining the development of neuromuscular weakness
while in the ICU, as opposed to weakness due to a preex-
isting condition (eg, myasthenia gravis) and/or specific
etiology (eg, a new cerebrovascular accident). ICUAW
may be underrecognized in general critically ill popula-
tions,>? but is prevalent in the chronic critically ill and/or
patients requiring prolonged mechanical ventilation
(PMV). In a prospective cohort of 95 patients ventilated
for at least 7 days, the incidence of ICUAW detected by
clinical examination was 25%.* In prospective studies using
electrophysiological testing for the diagnosis of ICUAW,
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CRITICAL ILLNESS NEUROMYOPATHY AND THE ROLE OF PHYSICAL THERAPY AND REHABILITATION

Table 3.

Diagnostic Approach to ICU-Acquired Weakness

Onset of Critical Illness/ —  Patient Awakening

ICU Admission

Resolution of Non-
Neuromuscular Organ Failure

ICU Discharge

Diagnostic question Are there pre-morbid or
other causes of

weakness present?

Diagnostic considerations Consider pre-morbid
weakness due to
chronic diseases (eg,
COPD) and/or non-
ICU acquired causes

Is the patient sedated and/
or delirious?

Minimize heavy sedation
using goal-directed
sedation and/or daily
interruption to allow
for serial neurological

Is there peripheral muscle weakness
and/or failure to wean from
mechanical ventilation?

Diffuse, symmetrical muscle
weakness with preserved/depressed
deep tendon reflexes is consistent
with ICU-acquired weakness

Is there severe and

persistent muscle
weakness and/or
failure to wean
from mechanical
ventilation?

Patients with severe

and non-resolving
weakness may warrant
further testing and/or
specialist consultation

of weakness (eg, examination

stroke, demyelinating

diseases)

Investigations Obtain history of pre- Serial evaluations of
morbid physical sedation and delirium
function and rule out status

non-ICU acquired
causes of weakness

(From Reference 8, with permission.)

Consider consultation
with a neurologist and/
or physiatrist,
and electromyography/
nerve conduction study,
muscle enzymes (eg,
creatine kinase), and/or
muscle biopsy

Serial neurological examination

the reported incidence among patients ventilated for at
least 7 days rises to approximately 45-58%.34>* ICUAW
may develop in the majority of patients with sepsis.*9->3-5¢
Taken together, neuromuscular abnormalities during crit-
ical illness are common, with a median prevalence, among
studies included in a recent systematic review, of 57%
(range 9-87%) in ICU patients with sepsis, multi-organ
failure, or PMV.3

Strategies for the Prevention and
Treatment of ICU-Acquired Weakness

Currently, there are few rigorously evaluated interven-
tions for the prevention and/or treatment of ICUAW.3:40
Minimizing patient exposure to corticosteroids and/or neu-
romuscular blocking agents, when possible, may be pru-
dent until future studies can clarify the role of these agents
in ICUAW. At present, the strongest evidence for preven-
tion of ICUAW is tight glycemic control with intensive
insulin therapy.3'-3® However, the potential benefits of in-
tensive insulin therapy should be carefully weighed against
the possibility of serious hypoglycemia, and there contin-
ues to be uncertainty regarding the optimal blood glucose
range in critically ill patients.>” Results from the recent
multicenter Normoglycemia in Intensive Care Evaluation
and Survival Using Glucose Algorithm Regulation (NICE-
SUGAR) trial demonstrated no significant difference in
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days of mechanical ventilation (P = .56), ICU (P = .84)
or hospital stay (P = .86) between groups, suggesting
potentially no clinically important effect of intensive in-
sulin therapy in the prevention or attenuation of ICUAW.>8
Finally, despite the lack of high quality evidence, mainte-
nance of electrolyte homeostasis (eg, phosphate, magne-
sium) and adequate nutrition may be reasonable recom-
mendations for minimizing weakness.*3

A relatively new therapeutic option being evaluated for
prevention and treatment of ICUAW is early rehabilitation
and mobilization of patients in the ICU.® Having critically
ill patients alert and engaged in progressive rehabilitation
(eg, passive range of motion, active range of motion/bed
exercises, sitting at edge of bed, transfers) leading to mo-
bilization, despite the use of life support therapies, may
reduce muscle atrophy and lead to improved strength and
physical function. Moreover, mobilization and exercise
may decrease oxidative stress and inflammation,®2° and
prevent insulin resistance and microvascular dysfunction,'®
which may ameliorate ICUAW.

There is a paucity of clinical trials evaluating the spe-
cific role of early rehabilitation in the chronic critically ill.
However, a number of studies have examined the role of
rehabilitation in patients receiving chronic mechanical
ventilation. In a case series of 16 ventilator-dependent
patients referred to an in-patient pulmonary rehabilitation
unit, a progressive 5 phase multidisciplinary (physical,
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occupational, and respiratory therapy) rehabilitation pro-
gram resulted in most patients (63%) being independent
with most or all of their activities of daily living at dis-
charge.” A retrospective study of 49 severely weak and
bedridden, chronically ventilator-dependent patients
(mean 18 d) referred to a tertiary care ventilator rehabili-
tation unit examined the effect of their progressive whole
body rehabilitation program (5 d per week in an on-site
gym) on patient functional outcomes.®® At ventilator re-
habilitation unit discharge, the patients had significantly
improved upper and lower limb motor strength, as well as
functional independence (as measured by the functional
independence measurement score). All 49 patients were
weaned from mechanical ventilation, although 3 patients
subsequently required intermittent ventilatory support,
could sit and stand, and the majority (40 patients) could
ambulate at ventilator rehabilitation unit discharge. Impor-
tantly, there were no adverse events related to the rehabil-
itation program.

At present, there is a single report of a randomized
controlled trial evaluating an early rehabilitation program
in chronically ill patients admitted to a respiratory ICU
(RICU).¢! Patients with COPD following an episode of
acute respiratory failure (with approximately 50% requir-
ing invasive mechanical ventilation) were randomized to
intensive pulmonary rehabilitation (60 patients) versus
standard therapy (20 patients) after admission to a RICU.
The pulmonary rehabilitation group initiated therapy
within 24 hours of RICU admission, which consisted of
twice daily, 30—45 min sessions focused on lower extrem-
ity and respiratory muscle training (using threshold device
and breathing twice daily at target pressure of 50% of
maximal inspiratory pressure), with a goal of progressing
to ambulation. The standard therapy group had no specific
lower extremity or respiratory muscle training early in
their RICU admission. While there was no significant dif-
ference between groups in proportion regaining the ability
to ambulate (87% vs 70%, P = .09), the pulmonary reha-
bilitation group had significantly greater improvements in
6-min walk distance (100 m), maximal inspiratory pres-
sure 16 cm H,0), and dyspnea scores (45%) from their
baseline status, as compared to the standard therapy group.

More recently, studies have demonstrated that early
mobilization, including ambulation, of mechanically ven-
tilated patients is safe and feasible, even when occurring
immediately after physiological stabilization, within 24—
72 hours of acute ICU admission.®>-¢ Uncontrolled stud-
ies of early mobility have been associated with greater
activity levels and functional outcomes, versus usual care,
in which mobility is frequently delayed until after ICU
discharge.®* A single-center, non-randomized controlled
trial in 330 mechanically ventilated patients built on this
earlier research demonstrating that a dedicated multidisci-
plinary mobility team (critical care nurse, nursing assis-
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tant, physical therapist), using a physical rehabilitation
protocol, was associated with increased physical therapy
and a shorter time for patients to be first out of bed (5.0 d
vs 11.3 d, P < .001 adjusted for body mass index, severity
of illness, and vasopressor use).®> Moreover, patients treated
with the early mobility protocol experienced a decrease in
ICU stay (5.5 d vs 6.9 d, adjusted P = .025) and hospital
stay (11.2 d vs 14.5 d, adjusted P = .006) among survi-
vors. In addition, there was a trend toward a decreased
duration of mechanical ventilation (8.8 d vs 10.2 d, ad-
justed P = .16) and reduced hospital mortality (12% vs
18%, P = .13), without a significant increase in hospital
costs, despite the added expense of the mobility team
(mean cost per patient $41,142 vs $44,302, P = .26).
Temporal trends indicating improved ICU and hospital
stay, and declining rates of tracheostomy (29% vs 5%) and
failure to wean from mechanical ventilation (12% vs 3%),
also have been reported at another center.%°

Combining protocols for early mobility and sedation
management may have synergistic benefits, as demon-
strated in a prior trial that combined protocols for sedation
and ventilator weaning.®” To that end, a recent randomized
controlled trial evaluating the use of early rehabilitation in
the ICU randomized 104 mechanically ventilated patients
to either early exercise and mobilization combined with
daily interruption of sedation or daily interruption of se-
dation alone.%® Patients in the therapy group had physical
and occupational therapy initiated early, as compared to
controls (median 1.5 d vs 7.4 d after intubation, P < .001).
Patients in the intervention group had shorter duration of
delirium (median 2 d vs 4 d, P = .02) and more ventilator-
free days (23.5 d vs 21.1 d, P = .05). Serious adverse
events were rare. A greater proportion of patients had a
return to independent functional status at hospital discharge
in the intervention group (59 vs 35%, P = .02). These
encouraging results require further investigation in multi-
center randomized trials.

Barriers to early mobility, both real (eg, oversedation)
and perceived (eg, vasopressors, obesity), represent sub-
stantial challenges to translating this intervention into
practice in many ICUs.%°-72 An important step in devel-
oping a successful early mobility program in the ICU re-
quires a paradigm shift away from bed rest and heavy
sedation, and toward a culture of prioritizing awake, spon-
taneously breathing patients and a focus on early rehabil-
itation.”? Creating a supportive ICU culture for early
mobilization through interdisciplinary cooperation, coor-
dination, and communication are integral to the successful
and sustained implementation of this complex interven-
tion.%3-00.72 Local representation and champions from each
relevant discipline (eg, critical care, physiatry, nursing,
physical/occupational therapy, respiratory therapy) to
create a vision and guiding coalition to prioritize early
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rehabilitation and mobilization is key to transforming ICU
culture.%®

Coordination between members of the interdisciplinary
team (bedside nurses, physical and respiratory therapists)
is key in order to provide the most effective rehabilitation
experience for mechanically ventilated patients. Mechan-
ically ventilated patients may require increased F;, and/or
a change in ventilator mode (eg, from pressure support to
pressure control or continuous mandatory ventilation) to
facilitate tolerance of the planned activity. Given the amount
of equipment (eg, portable monitor, oxygen tanks, infusion
pumps, wheelchair) and personnel (eg, physical and respi-
ratory therapist, nurse) required to ambulate mechanically
ventilated patients, the use of portable ventilators may
facilitate mobility sessions, particularly in space-limited
settings.®> Patients receiving supplemental oxygen at the
onset of therapy may require the use of noninvasive ven-
tilation to tolerate their sessions. Modifications to the pa-
tients’ ventilator requirements can often be determined by
careful monitoring of the patient’s respiratory status dur-
ing therapy, as well as from their tolerance of prior reha-
bilitation sessions.

Novel rehabilitation technology, such as neuromuscular
electrical stimulation and cycle ergometry, may be useful
adjunctive therapies within the context of an ICU early
rehabilitation program.’# Neuromuscular electrical stimu-
lation induces passive contraction of muscles through low-
voltage electrical impulses delivered through skin elec-
trodes placed over target muscle groups (eg, quadriceps),
and may be helpful in mitigating the development of mus-
cle atrophy and weakness among high-risk critically ill
patients.”>7¢ Bedside cycle ergometry can provide muscle
strength training and range of motion exercises for ICU
patients who are either awake (active cycling) or sedated
(passive cycling), and may also preserve muscle strength
and function.”” The role of these rehabilitation technolo-
gies in both the acute and chronic critically ill require
confirmation in large, prospective clinical trials.

Outcomes in Patients with ICU-Acquired Weakness

Prolonged weaning from mechanical ventilation is a
common manifestation of ICUAW. A recent systematic
review revealed that ICUAW was associated with PMV
and ICU and hospital stay.> In one study of 64 septic
patients (34 with CIP), the presence of ICUAW was the
only significant predictor of failure to wean from mechan-
ical ventilation (OR 15.4, 95% CI 4.6-52.3).78

Existing evidence is inconclusive regarding whether
ICUAW is independently associated with increased hos-
pital mortality.340-7° A recent study demonstrated that hos-
pital non-survivors had a significantly higher rate of
ICUAW (85% vs 58%, P = .02) and that the presence of
ICUAW at patient awakening was independently associ-
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ated with higher ICU (OR 7.99, 95% CI 0.99-64.29) and
hospital mortality (OR 2.02, 95% CI 1.03-8.03).8° Fur-
thermore, ICUAW was associated with hospital mortality
in a dose-dependent manner (OR 1.03 per 1-point decre-
ment in the MRC score, 95% CI 1.01-1.05). However, in
survivors recovery from ICUAW is possible, with a ma-
jority (94%) of patients in one cohort demonstrating mean-
ingful improvement of muscle strength at 9 months.* How-
ever, at hospital discharge, many patients with ICUAW
require transfer to an in-patient rehabilitation facility in
order to slowly progress toward their pre-morbid level of
functioning.>>-3! In a study of 128 ICU patients with acute
lung injury, those with ICUAW returned home signifi-
cantly later than patients without ICUAW (56 d vs 35 d,
P = .005).!

In some patients, ICUAW may result in severe and
prolonged weakness and impaired physical function and
quality of life.#-7-48-56.82 Patients may demonstrate both
clinical and electrophysiological signs of ICUAW up to
12 months following hospital discharge, with some expe-
riencing severe weakness and paralysis.*3-5¢ During 1-year
follow-up in a study of 109 ARDS survivors, all patients
reported poor functional status following ICU discharge,
which was attributed to muscle loss, weakness, and fa-
tigue.® Moreover, these persistent impairments contributed
to the inability to return to work in more than half of these
patients.® Finally, these limitations in physical function
may contribute to the decrements in health-related quality
of life reported in these patients at up to 5 years from ICU
discharge.®7-8!

Summary and Future Directions

Neuromuscular complications of critical illness are com-
mon, and can be severe and persistent, with substantial
impairment in long-term quality of life. While the etiology
of ICUAW is multifactorial, both direct (ie, CIP/CIM) and
indirect (ie, immobility/disuse atrophy) complications of
critical illness contribute to it. Importantly, a commonly
accepted set of definitions, diagnostic criteria, and taxon-
omy for ICUAW and its related syndromes is required to
help move both the clinical and research fields forward.
Future studies are needed to elucidate the mechanisms by
which immobility and other aspects of critical illness lead
to neuromuscular dysfunction and injury. In addition, lon-
gitudinal studies examining the natural history of [CUAW
in ICU survivors and the chronic critically ill are needed,
as well as a deeper understanding of the associations be-
tween the ICUAW, physical function, and quality of life in
these patients.

Currently, there are limited interventions to prevent or
treat ICUAW, with tight glycemic control having the great-
est supporting evidence. Emerging data demonstrate the
safety, feasibility, and potential benefit of early mobility in
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critically ill patients with the need for multicenter random-
ized trials to evaluate potential short- and long-term ben-
efits of early mobility, including the potential to prevent
the need for PMV and/or the development of chronic crit-
ical illness, and other novel treatments on patients’ muscle
strength, physical function, quality of life, and resource
utilization. Barriers, both real and perceived, to the imple-
mentation of early mobility programs in medical ICUs
need to be elucidated to aid in uptake and provide targets
for quality improvement efforts. Finally, the barriers, fea-
sibility, and efficacy of early mobility in other ICUs (eg,
surgical, neurological, pediatric) and in the chronic criti-
cally ill have not been formally evaluated and require ex-
ploration in future clinical trials.
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Discussion

Carson: [ want to direct a question
to the acute care crowd. The photo of
the patient walking is impressive, but
equally impressive from the resource
point of view is the number of per-
sonnel surrounding the patient, even
with the personnel-saving device.!
With the number of patients you have
in the long-term acute care setting,
you typically have a good ratio of RTs
[respiratory therapists] to patients and
a good ratio of PTs [physical thera-
pists] to patients, relative to the hos-
pital, but do you have enough to be as
aggressive as would be ideal?

1. Needham DM. Mobilizing patients in the in-
tensive care unit: improving neuromuscular
weakness and physical function. JAMA
2008;300(14):1685-1690.

Snyder:® We have a pretty aggres-
sive early mobility program in our
long-term acute care hospitals. It is
labor-intensive, but we feel that the
time is well spent. We have an ag-

* Lisa Snyder MD MPH, Select Medical, Me-
chanicsburg, Pennsylvania.
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gressive program, and I think that’s
a good point. You can utilize other
people to assist that team, but we
have adequate personnel to run that
program.

Muldoon:§ I would echo that with a
couple points. We are pretty intense
on getting someone on a ventilator out
of bed and into the chair. Walking is
more strenuous and therefore less com-
mon. We have used a lot of CNAs
[certified nursing assistants] rather
than nurses and RTs for this process.
The other advantage we have, com-
pared to the patients that you showed
the photo of, is that essentially all of
our patients are tracheotomized, so the
airway isn’t quite as tenuous, and we
can often do a walk with an RT, a
nurse, and one or two CNAs.

Girard: Every time you see a paper
on early mobility in the ICU, there’s
always a picture of a patient ambulat-
ing while on a ventilator, and I think
that’s fantastic and it should be our
goal. But it does take, at least the way

+ Sean R Muldoon MD MPH, Kindred Health-
care, Hospital Division, Louisville, Kentucky.

we do it now, several personnel, so
sometimes we may miss the fact when
we read these papers that it may not
take ambulating the ventilated patient
to get some benefit.

If you look, for example, at Bill
Schweickert’s randomized controlled
trial,' only 6% of patients in the inter-
vention group were actually able to am-
bulate more than a few steps while me-
chanically ventilated. So I find it hard to
attribute all of the benefit, and there were
numerous benefits that the intervention
group experienced, to just ambulation. I
think all of the other things they were
doing for those patients, including sit-
ting on the edge of the bed and dangling
their feet, balance exercises, active trans-
fer from the bed to the chair—all of
those things, I would suspect, have a
benefit in that therapy program. And
most of those components of the pro-
gram don’t require 4 or 5 people to im-
plement; they can be done with the nurse
and an RT or one other person.

1. Schweickert WD, Pohlman MC, Pohlman
AS, Nigos C, Pawlik AJ, Esbrook CL, et al.
Early physical and occupational therapy in
mechanically ventilated, critically ill pa-
tients: a randomised controlled trial. Lancet
2009;373(9678):1874-1882.
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Fan: I agree. I think the point of the
photo of a patient ambulating is that
it’s more striking than a patient roll-
ing in the bed with an endotracheal
tube in place. But that’s the key to
where technology and physical ther-
apy assistants or CNAs may be very
helpful. So if there is a patient or a
few patients in the unit who could am-
bulate, that’s where we want to allo-
cate those skilled therapists to get them
up and moving with that high level of
activity. And if you have a cycle er-
gometer, neuromuscular stimulation,
or nursing staff available for bedside
exercises, then you might apply those
to patients who have a lower level of
activity, to keep those muscles active
and functional, and devote your skilled
PT to patients who can do things like
dangling or transfer from sit to stand
from the chair. I don’t disagree; the
point was not to say that only by am-
bulating these patients will the bene-
fits be seen.

Girard: I made the comment not be-
cause | thought that you were sug-
gesting that, but because I think some
people may think, “Wow, I don’t have
5 people to create a mobility team, so
I can’t do any of this.” But in reality
they can do these things that may very
well benefit their patients.

Fan: Family members might also be
very helpful; therapists and nurses can
sometimes teach them some exercises
they can help the patient with at the
bedside.

Snyder: Do you feel there’s any
role for anabolic steroids in the
treatment of ICU-acquired weakness
patients?

Fan: We just don’t know. As Dean
said, it’s a data-free zone. It’s not clear
whether those patients would benefit
from anabolic steroids. I think there’s
some literature about anabolic steroids
in patients requiring PMV not being
useful,! but I’'m not up to date on that.

Specifically on ICU-acquired weak-
ness, there are no data.

1. Bulger EM, Jurkovich GJ, Farver CL,
Klotz P, Maier RV. Oxandrolone does not
improve outcome of ventilator dependent
surgical patients. Ann Surg 2004;240(3):
472-480.

Carson: The data on PMV patients
were not very hopeful.

Snyder: Do MRC [Medical Re-
search Council] or other similar types
of scores have a role in assessment?
How valid do you think the results
are?

Fan: This is a big point of contro-
versy that I didn’t touch on. At a re-
cent conference on ICU-acquired
weakness definitions, sponsored by
the American Thoracic Society, we
wanted to stress the primacy of the
physical examination (ie, manual mus-
cle testing), which would be graded
with the MRC score (range O to 5)
looking at 6 bilateral muscle groups,
and having a combined sum score
(range 0 to 60). Patients who scored
80% or less (ie, MRC sum score = 48)
would be considered to have clinically
detectable weakness. That’s been done
in a number of studies.

The MRC score has been validated
and has excellent reliability in several
populations, particularly in patients
with Guillain-Barré. We looked at it
in ICU survivors, and it had excellent
inter-rater reliability, with intraclass
correlation coefficients in the range of
0.98 to 1.00.! Hough? recently looked
at manual muscle testing in ICU pa-
tients, and the biggest problems there
were coma, delirium, and/or injury.
But among patients who were awake
and cooperative it was reasonably re-
liable with trained operators. Given
that it’s easy to do (we’re all trained
on how to do it at the bedside), safe,
and cost effective, I believe that man-
ual muscle testing with the MRC sum
score would be a good way to detect
weakness, until we have a better idea
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of the role of electrophysiological
testing, and how any abnormalities
manifest clinically.

1. Fan E, Ciesla ND, Truong AD, Bhoopathi
V, Zeger SL, Needham DM. Inter-rater re-
liability of manual muscle strength testing in
ICU survivors and simulated patients. Inten-
sive Care Med 2010;36(6):1038-1043.

2. Hough CL, Lieu BK, Caldwell ES. Manual
muscle strength testing of critically ill pa-
tients: feasibility and interobserver agree-
ment. Crit Care 2011;15(1):R43.

Bertuola:i I'm glad that you broached
this subject today, and I think that
bringing this to the forefront is hugely
important. How we approach it in
the skilled nursing facility is a little
different. We co-treat with the RTs
and OTs [occupational therapists] or
PTs to accomplish the same things,
working with the patient on their abil-
ity to get ambulating. With the design
of a skilled nursing facility it’s easier
to ambulate someone: you don’t have
so much equipment. You have your
backup battery and the O, tank on the
cart with the ventilator, so it’s a little
easier for us to get patients to a chair
or ambulating down the hallway with-
out having to bag them. We get great
results and we utilize OTs in weaning
patients from a ventilator, because we
think they’re important for those pa-
tients in whom you need to do it more
than once a day to get a bigger bene-
fit. Working with OT—putting Thera-
bands on the bed and strengthening
the upper extremities—really benefits
the patient as well.

Fan: Another major research ques-
tion is that we don’t know the proper
“dose” of physical activity to maxi-
mize benefit. Is it once a day? Three
times a day? Every other day? It’s a
very important question.

Muldoon: Another unintended good
consequence of simply being vertical

I Lorraine Bertuola RRT, Genesis Healthcare,
Kennett Square, Pennsylvania.
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is that atelectasis gets a little bit bet-
ter, and the depression of being stuck
in bed not getting well tends to be
lifted. The biggest one, I suspect, is
that if the patient is over-sedated, they
can’tsitup. So sedation gets addressed
much quicker.

Fan: For some people that’s also a
point of controversy. Are the benefits
of this really the therapy, or is it just
that you stopped sedating the patient?
And it’s difficult to know. We have
longitudinal data from our ICU reha-
bilitation program at Hopkins, where
we changed sedation. Once our seda-
tion protocol was in place, there was
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a period of natural variation in the
amount of physical therapy “dose” be-
ing provided, typically due to thera-
pists going on vacation, going out for
continuing education, etc. There was
a varying number of therapists in the
ICU providing treatments, but the se-
dation protocol was the same. Using
data from this kind of “natural exper-
iment,” there still seemed to be a ben-
efit on length of stay, which was the
main outcome we looked at in our
quality improvement project, despite
sedation practices being unchanged.
[There is] some supportive evidence
that part of it is the mobility, but I'm
sure a big part of it is also getting
these patients off sedation.

White: In the cardiac literature there
are data on the benefits of exercise
in particular, studies' done on the
effects of exercise on various cir-
culatory factors, including endothelial
cells. So, thinking about that and
how exercise may actually be im-
proving endothelial repair and also
reducing inflammatory mediators, we
start to connect early mobility with
recovery.

1. Van Craenenbroeck EM, Hoymans VY,
Beckers PJ, Possemiers NM, Wuyts K,
Paelinck BP, et al. Exercise training improves
function of circulating angiogenic cells in
patients with chronic heart failure. Basic Re-
search Cardiol 2010;105(5):665-676.
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