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Intensive care unit-acquired weakness (ICU-AW) is a common complication in critically ill patients and is associ-
ated with a variety of adverse outcomes. These include the need for prolonged mechanical ventilation and ICU
stay; higher ICU, in-hospital, and 1-year mortality; and increased in-hospital costs. ICU-AW is associated with
multiple risk factors including age, underlying disease, severity of illness, organ failure, sepsis, immobilization,
receipt of mechanical ventilation, and other factors related to critical care. The pathological mechanism of ICU-
AW remains unclear and may be considerably varied. This review aimed to evaluate recent insights into ICU-AW

Mechanism from several aspects including risk factors, pathophysiology, diagnosis, and treatment strategies; this provides
Treatment new perspectives for future research.
Introduction Cumulative evidence suggests that ICU-AW may also lead to

Intensive care unit-acquired weakness (ICU-AW) refers to the
clinical diagnosis of muscle weakness in critically ill patients,
which cannot be attributed to causes other than critical ill-
ness.!!! ICU-AW is typically systemic and symmetrical; although
it affects limb (proximal more than distal) and respiratory mus-
cles; the facial and ocular muscles remain unaffected.!?3! The
clinical phenotype of ICU-AW may be heterogeneous owing to
multiple factors including age, degree of comorbidity, length of
ICU stay, and receipt of mechanical ventilation.!* ICU-AW may
originate from either a neurogenic disorder, namely, critical ill-
ness polyneuropathy (CIP), a myogenic disorder known as crit-
ical illness myopathy (CIM), or a combination of both (known
as critical illness neuromyopathy).® The prevalence of ICU-AW
varies considerably depending on the study population, risk fac-
tors, time of assessment, diagnostic methods, pre-hospital mus-
cle function, and overall functional status.!® A systematic re-
view that included 31 studies reported a median prevalence
of 43% (interquartile range: 25-75), with a higher incidence
among patients with sepsis.[”’

ICU-AW is a common complication in critically ill patients
and is associated with adverse outcomes including prolonged
mechanical ventilation and ICU stay; increased hospitalization
costs; and higher ICU, in-hospital, and 1-year mortality.!*®

adverse outcomes in the long term after discharge; these include
the post-intensive care syndrome, which is characterized by
persistent physical, mental, and cognitive dysfunction after ICU
discharge. As this has a significant impact on long-term prog-
nosis, including functional outcomes and survival,!! survivors
often experience permanent disability; this has considerable
impact on their quality of life and is medical resource-intensive.
As ICU-AW has gained increasing attention in recent years, this
review evaluated recent insights into the condition from mul-
tiple aspects including risk factors, pathophysiology, diagnosis,
and treatment strategies, with the aim of providing directions
for future research.

Risk Factors

Independent risk factors associated with ICU-AW were identi-
fied and classified into modifiable or non-modifiable categories
(Figure 1).
Modifiable risk factors

These risk factors include hyperglycemia, administration of

parenteral nutrition, use of certain drugs for treating critically ill
patients, and immobilization. In this context, a prospective ob-
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Figure 1. Risk factors for ICU-AW. The identified factors were classified as mod-
ifiable and non-modifiable.

ICU-AW: Intensive care unit-acquired weakness; SIRS: Systemic inflammatory
response syndrome.

servational study demonstrated an obvious association between
levels of hyperglycemia and critical illness polyneuromyopathy
during ICU hospitalization.'®) Another retrospective study re-
ported a link between hyperglycemia and paraplegia in adults
with acute respiratory distress syndrome.!'!! Randomized con-
trolled trials have also found that strict blood glucose control de-
creases morbidity and mortality in critically ill patients and re-
duces the occurrence and development of critical illness-related
polyneuropathy/myopathy.'%!%! Hyperglycemia has therefore
been considered to be an independent risk factor for ICU-AW.
Notably, reports have shown parenteral nutrition to be a risk
factor for CIP.!'¥]

The administration of vasoactive drugs (mainly g-adrenergic
receptor agonists) has also been found to increase the risk of
developing ICU-AW; the dosage and course of treatment also in-
fluence the outcomes.!! In this context, a meta-analysis showed
a significant correlation between the use of corticosteroids and
ICU-AW.['5); in another meta-analysis on critically ill patients
with sepsis, corticosteroids increased the risk of neuromus-
cular weakness.'®! However, a prospective and planned sub-
group analysis of randomized controlled trials showed that cor-
ticosteroids, which are known to cause hyperglycemia and in-
sulin resistance, may not adversely impact the development of
CIP/CIM; they may even have protective effects in cases where
normal blood glucose levels are maintained using insulin ther-
apy.['®! In regard to drugs such as neuromuscular blockers, some
prospective studies have shown that their use may contribute to
the development of CIP/CIM.!'314) However, other prospective
studies, including observational studies and randomized con-
trolled trials, have not confirmed the negative effect of neu-
romuscular blockers.['7-'8 As sedative use often coexists with
other risk factors, and these play a synergistic role, the relation-
ship between sedatives and ICU-AW may be indirect.['”! Stud-
ies have found it difficult to distinguish between the effects
of sedatives and those of sedation-induced immobility and bed
rest.

In this context, a study found the duration of bed rest during
critical illness to be the only factor consistently associated with
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muscle weakness over a 24-month period of follow-up (after ICU
discharge); this indicates the potential importance of reducing
bed rest duration for interventions during a critical illness.!”]
Notably, certain antibiotics including aminoglycosides and van-
comycin have also been reported to be independently associated
with the development of ICU-AW.[20-22]

Non-modifiable risk factors

The severity of the disease is an important factor in critically
ill patients. Previous studies have demonstrated higher sever-
ity of disease, sepsis and inflammation, multiple organ failure,
and longer periods of mechanical ventilation and ICU stay to be
predictive for the development of ICU-AW.2*] In this context,
sepsis, systemic inflammatory response syndrome, and multiple
organ failure were considered as key factors when CIP was first
described.[>-20-24:25] Notably, associated sepsis was often present
in early reports on cases of CIP.[2%:25] Although mechanical ven-
tilation is a risk factor, its relationship with ICU-AW may be
mutual.

Evidence suggests that prolonged mechanical ventilation
may increase the risk of developing the condition, which may
in turn increase the risk of adverse outcomes including pro-
longed mechanical ventilation and weaning failure.[”>?”) No-
tably, a meta-analysis found high lactate levels to be a risk factor
for ICU-AW.!?"]

Age and gender have also been identified as independent risk
factors. In this regard, women were found to have a higher risk
of weakness than men and the risk was greater in older patients
than in their younger counterparts.[?*-%! The premorbid func-
tional state is also known to have a certain impact, and disability
or frailty may influence the severity of weakness.?”) Premorbid
obesity has not only been found to protect against lean tissue
wasting, but it also prevents muscle weakness during critical
illness;[?°! it therefore acts as a protective factor against the de-
velopment of ICU-AW and muscle atrophy.

Pathophysiology

The pathological mechanism of ICU-AW is complex and has
not been completely clarified. Multiple mechanisms may be in-
volved in regulating muscle weakness (Figure 2).

Protein imbalance

Continuous protein turnover in the muscles maintains the
metabolic balance between protein synthesis and proteolysis.
This balance is crucial in the muscle tissue and enables the or-
ganism to respond to rapid changes. An increase in age slows
anabolism, creating a discrepancy between the average rates
of protein anabolism and catabolism; this leads to a nega-
tive protein balance and gradually induces net loss of skeletal
muscle, thereby promoting the occurrence of sarcopenia.*! In
critically ill patients, the balance between protein anabolism
and catabolism may be disrupted by sepsis, the development
of systemic inflammatory response syndrome, immobilization,
and other causes. This is induced by the response of the body
to certain stimuli or changes. These include activation of the
sympathetic nervous system, release of catabolic hormones
(e.g., catecholamines and glucocorticoids), and secretion of pro-
inflammatory cytokines; these activate massive proteolysis and
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resistance to anabolism and lead to muscle atrophy and weak-
(31]
ness.

Decreased protein synthesis

Insulin/insulin-like growth factor (IGF-1) signaling

The pathway involving insulin/IGF-1 and serine/threonine
kinase (Akt) constitutes the main anabolic signaling cascade.*?
Akt activation increases protein synthesis via activation of the
mTOR pathway. It also phosphorylates the downstream tran-
scription factor, FOXO, preventing its translocation into the nu-
cleus and rendering it inactive. It further inhibits the expression
of E3 ubiquitin ligases (MuRF1 and atrogin-1), thereby inhibit-
ing proteolysis.!*®! In addition to activating the Akt signaling
pathway, IGF-1 activates the mitogen-activated protein kinase
cascade and promotes myoblast proliferation.®?!

Muscle levels of IGF-1 have been demonstrated to decline in
the setting of sepsis; this is strongly associated with a reduction
in the rate of muscle protein synthesis.**] Conversely, the im-
plantation of IGF-1-containing slow-release pellets in the mus-
cles of septic mice has been found to increase muscle protein
synthesis and potentially reduce proteolysis; this effectively im-
proves the loss of muscle mass caused by sepsis, thereby slow-
ing down the sepsis-induced muscle atrophy response. > IGF-1
is also reduced in the setting of muscle wasting; this may repre-
sent another mechanism of IGF-1 signaling inhibition in patients
with ICU-AW. 2]

mTOR signaling

As the main regulator of anabolism, mTOR promotes
anabolic processes and regulates biological processes (such
as cell growth, proliferation, protein synthesis, and energy
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metabolism) following stimulation by growth factors, nutrients
(amino acids), insulin, and other signals.**! The signal trans-
mitted to downstream eukaryotic translation initiation factor
4E-binding proteinl and S6 kinase (S6K1) after mTOR activa-
tion regulates protein translation.*® In the non-phosphorylated
state, 4EBP1 binds tightly to the messenger ribonucleic acid
(mRNA) cap-binding subunit, eukaryotic translation initiation
factor-4E (eIF4E) of the eIlF4F complex; this inhibits eIF4E-
mediated initiation of protein synthesis.*”) Phosphorylation of
4EBP1 by mTOR activation releases eIF4E; this facilitates the
initiation of ribosomal cap-dependent translation.®*! As a down-
stream target of mTOR, S6K1 can activate the S6 protein in the
40S ribosomal subunit; this promotes the recruitment of 40S
ribosomal subunits into the activated translation polymers af-
ter phosphorylation. It can also phosphorylate some substrates,
such as eIF2K and eIF4B, during the process to promote trans-
lation.*®!

Studies have shown that sepsis leads to a decrease in
mTOR activity and reduces the phosphorylation of 4E-BP1 and
S6K1.1*1 The inhibition of mTOR kinase activity may be partly
attributed to the overproduction of pro-inflammatory cytokines;
this is evident from the fact that specific inhibitors targeting
these cytokines are able to prevent a reduction of 4E-BP1 and
S6K1 phosphorylation induced by sepsis and restore muscle pro-
tein synthesis.[*"!

Increased protein degradation

Metabolic stress represents a survival mechanism for the
adaptive survival of the body during critical illnesses. How-
ever, it may lead to an imbalance in bodily function and cause
degradation and loss of muscle protein in addition to other
consequences. The protein degradation process involves mul-
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Figure 2. Mechanisms of ICU-AW. Multiple mechanisms involved in the regulation of ICU-AW include an imbalance between protein synthesis and degradation,
dysfunction of mitochondria, alterations in the function of the sarcoplasmic reticulum, destruction of myofilament structure, neuropathy, abnormal electrical ex-
citability, and other mechanisms such as impairment in muscle satellite cells. ICU-AW: Intensive care unit-acquired weakness; IIS: Insulin/IGF-1 signaling; UPS:

Ubiquitin-proteasome system; ROS: Reactive oxygen species.
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tiple pathways including the ubiquitin-proteasome, autophagy-
lysosomal, calpain, and caspase pathways.!*?

Ubiquitin-proteasome system (UPS)

The UPS plays a major role in the proteolysis of muscle tis-
sue; evidence suggests that it exhibits increased activity during
the acute phase of muscle loss in animal models of critical illness
(sepsis and burns) and in critically ill patients.[*!! The key regu-
latory protein of this system is ubiquitin ligase, which binds to
the target for degradation via precise protein-to-protein interac-
tions; this ensures specificity for this proteolytic system.**! The
ubiquitin ligases, MuRF1 and atrogin-1, are key positive regu-
lators of UPS-mediated muscle proteolysis and are considered
to play a key role in muscle atrophy.!**-*! Studies have con-
firmed an increase in protein ubiquitination in the muscles of
patients with ICU-AW; this is accompanied by damage to the
structure of myosin filaments. %! The levels of mRNA related to
genes involved in the UPS are also increased in the muscles of
patients with sepsis.!”) In addition, proteasome activity is en-
hanced in the respiratory and limb muscles of ICU patients with
sepsis; this is indicative of increased muscle proteolysis.[*®! In
animal models, sepsis has been found to lead to respiratory and
limb muscle atrophy; this is accompanied by elevated levels of
mRNA for two key E3 ligases, namely, Fbox32 (atrogin-1) and
Trim63 (MuRF).[*°!

Autophagy-lysosomal system

The autophagy-lysosomal system also represents one of the
major quality control systems in muscles. Autophagy, a nec-
essary metabolic process for homeostasis maintenance, plays
a crucial role in skeletal muscle homeostasis. It may be cate-
gorized into three different types, namely, chaperone-mediated
autophagy, microautophagy, and macroautophagy.®®! The pro-
cess is regulated by a variety of factors including hypoxia, in-
fection, stress, and nutrient deficiencies, which may influence
the expression and function of autophagy-related proteins. Au-
tophagy plays an important role in the maintenance of muscle
mass and integrity.[>!! It is therefore essential that a relatively
balanced state is maintained; this is because an increase in au-
tophagy activity has been shown to lead to muscle atrophy and
a decrease may contribute to the development of certain mus-
cle diseases.[>>->%! In this context, a study found that mechanical
ventilation could lead to diaphragm disuse and activation of the
autophagy-lysosome pathway; the process is characterized by
autophagosome formation and an increase in the expression of
autophagy-related genes.>*

Calpains and caspases

Calpains are also associated with the development of ICU-
AW. These are calcium-dependent cysteine proteases that are in-
active under basic conditions,>> and their activity is regulated
by calcium and calpastatin.!®® There are at least 14 members
of the calpain family; some are widely expressed in a variety
of tissues (e.g., calpain-1 and calpain-2) and some are tissue-
specific. Calpain-3, also known as p94, is specifically expressed
by muscle tissue.®®! The expression and activity of calpain-1 and
calpain-2 are increased in muscle atrophy,’®”) while calpain-3
may be downregulated in denervation atrophy;®®! this is associ-
ated with certain muscular dystrophies.!®”! Studies suggest that
the calpain system is activated in sepsis-induced muscle atrophy;
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this leads to increased protein degradation. Calpain activation
also downregulates Akt activity in skeletal muscle, leading to
a decrease in protein synthesis.>! In a sepsis model, increased
calpain activity was found to reduce contractile function during
muscle atrophy.!®® Calpain activation therefore promotes pro-
teolysis and loss of muscle strength.

The role of caspases in apoptosis and cell death is well
recognized. They are now also considered to be involved
in sepsis-induced myopathy and are related to muscle atro-
phy.*?! Evidence from animal models of infection suggests
that caspases are activated in the diaphragm; they cleave
cytoskeletal proteins, leading to loss of muscle strength in the
diaphragm. 6

Mitochondrial Dysfunction

As the “power plant” of living organisms, the mitochondria
are responsible for energy conversion, biosynthesis, and signal
transduction.®®! Sufficient energy is an important condition
for muscle contraction; as the core organelles of energy sup-
ply, mitochondria are crucial for the process of adenosine
triphosphate (ATP) production and are therefore important
energy sources for muscle function.**! Mitochondria are also
involved in calcium homeostasis, production of reactive oxy-
gen species, mediation of intracellular communication, and
regulation of apoptosis. However, mitochondrial damage is
associated with ATP deficiency, overproduction of reactive
oxygen species, and cytochrome c release. Disruption and
dysfunction of mitochondrial ultrastructure may lead to organ
failure. Notably, mitochondrial dysfunction is a key factor in
the development of ICU-AW in critical illnesses, particularly
sepsis.[*3! A vicious cycle can occur within mitochondria, in
which an increase in free radical production (caused by sepsis)
aggravates dysfunction, thereby leading to further free radical
production.*?! Reports suggest that the expression and activity
of mitochondrial respiratory chain complexes I, III, and IV are
reduced in the muscles of critically ill patients; this may partly
explain the phenomenon of muscle fatigue observed in ICU
patients.®!! In this context, mitophagy is an important process
of quality control that cleaves damaged organelles. Inhibition
of this clearance may lead to progression of multiple organ
dysfunction, thereby increasing the risk of death.!°?) However,
the accumulation of damaged mitochondria has been shown
to cause degeneration of motor neurons and muscle fibers;
this leads to ICU-AW or sarcopenia as muscle dysfunction
progresses. 3]

Alterations in Sarcoplasmic Reticulum Function

Appropriate levels and changes in calcium levels are cru-
cial for the contraction of muscle cells. This is mediated by
the direct effect of calcium on myosin ATPase activity during
the contraction cycle and by regulation of glycolysis and ox-
idative energy metabolism.[*?! However, calcium also acts as
an important regulator of protein breakdown by activating cal-
pain and ubiquitination.!®3! The sarcoplasmic reticulum is re-
sponsible for calcium binding and release in skeletal muscle;
this contributes to calcium homeostasis. Sepsis has a significant
negative effect on calcium homeostasis; it reduces the release
of calcium in the sarcoplasmic reticulum, increases the sensi-



J. Chen and M. Huang

tivity of contractile proteins to calcium, affects membrane ex-
citability in skeletal muscle, and leads to a decrease in muscle
strength. (3!

Abnormal Electrical Excitability

Under physiological conditions, the permeability of cell
membranes to Na*, K*, and possibly Ca®* ions changes to ac-
commodate normal electrophysiological stimulation; excitation
is a necessary condition for action potential generation.**! The
resting potential energy increases after excitation and reaches
the threshold potential for Na* channel opening. On entry of
Na* into the cell, the inner aspect of the membrane becomes
positively charged compared to the outer aspect; this results in
depolarization. The K* channel subsequently opens to increase
permeability to K+, which flows out; the decrease in intracellular
membrane potential causes repolarization.**! Changes to mem-
brane Nat pumps in sepsis can lead to disturbances in electri-
cal excitability. Notably, inflammatory cytokines are neurotoxic
and lead to chronic membrane depolarization, which is char-
acterized by “denervation”.®®! Inactivation of Na* channels in
patients with ICU-AW may result in rapid and reversible hypoex-
citability or non-excitability of nerves and muscle membranes,
affecting nerve and muscle function. !’

Neuropathy

Axonal degeneration represents one of the pathological
changes in patients with CIP;®* however, its pathogenesis re-
mains unclear. Sepsis may cause microvascular changes in the
endoneurium, increase vascular permeability, and allow pene-
tration of toxic factors into nerve endings. In addition, intra-
neural edema caused by increased permeability may impair en-
ergy transmission in axons, leading to axonal death;® the di-
rect toxic effects of hyperglycemia and mitochondrial dysfunc-
tion may contribute to this process.® In this context, evidence
suggests that aggressive glycemic control reduces the risk of
polyneuropathy (and myopathy) and the need for long-term me-
chanical ventilation.['?:13]

Others

The destruction of myofilament structure (as caused by tu-
mor necrosis factor-a) or the disruption of mechanisms reg-
ulating the contraction process are potential factors that re-
duce muscle strength.!*2! Impairment in the regeneration abil-
ity of muscle satellite cells is also one of the potential mech-
anisms of muscle atrophy. Muscle injury stimulates myoblasts
(as muscle progenitor cells) to proliferate and promote cell re-
pair and regeneration. The process involves the fusion of mul-
tiple myoblasts to form myotubes, which then integrate with
the injured muscle.!®®’ However, the proliferation and differ-
entiation of muscle satellite cells are inhibited in sepsis; this
disrupts the regeneration and repair of injured muscles. %708
Notably, a recent study has demonstrated the role of cellu-
lar senescence in sepsis-induced muscle weakness; this may
also be one of the mechanisms underlying the development of
ICU-AW. 69

A study on septic mice suggested that mitochondrial func-
tion is impaired in satellite cells during sepsis; transplantation

77

Journal of Intensive Medicine 4 (2024) 73-80

of mesenchymal stem cells could improve skeletal muscle func-
tion.[®”) Likewise, the regenerative ability of muscle satellite
cells was found to be impaired in ICU survivors, with a reduc-
tion in the number of satellite cells after 6 months of ICU stay;
this was indicative of a defect in the muscle repair process.!”"!

Diagnosis of ICU-AW

ICU-AW is a clinical diagnosis that is obtained by evaluating
muscle strength in the six major muscle groups using the Medi-
cal Research Council Score (MRC-SS) in an appropriate clinical
environment. Patients with a total score of <48 and <36 are di-
agnosed with ICU-AW and severe ICU-AW, respectively.®! The
MRC-SS rates the strength of 12 predefined peripheral muscle
groups (bilateral shoulder abductors, elbow flexors, wrist exten-
sors, hip flexors, knee extensors, and foot dorsiflexors).”! The
hand-held dynamometer is considered to be an effective and re-
liable tool for screening ICU-AW; the threshold values for grip
strength in ICU-AW are <11 kg for men and <7 kg for women.[”?!
As the dynamometer (similar to MRC-SS) requires patients to be
awake and cooperative, the above diagnostic methods are diffi-
cult to implement in the setting of delirium, coma, and sedation.

Imaging techniques are also often used as evaluation tools
and usually do not require patient cooperation. As a non-
invasive examination tool, muscle ultrasound is an indispens-
able diagnostic tool in the ICU and can provide a repeatable and
rapid assessment of muscle mass and structural changes at the
bedside. However, muscle ultrasound has certain limitations, as
it is difficult to determine whether a patient has ICU-AW when
awake.'®! Neuromuscular ultrasound data can be quantified us-
ing computer software to calculate the average gray level of
muscles and cross-sectional area and echo intensity of nerves.”*!
It has been demonstrated to be a repeatable process for rou-
tine clinical diagnosis of patients with chronic inflammatory de-
myelinating polyneuropathy, multifocal motor neuropathy, and
chronic idiopathic axonal polyneuropathy.!®! Computed tomog-
raphy also quantifies the size and mass of muscles, but is rarely
used in clinical practice.”"!

Electrophysiological evaluation using electromyography and
nerve conduction measurements can also be used to diagnose
ICU-AW in unconscious/uncooperative patients.® Single nerve
conduction studies are expected to replace time-consuming
complete electrophysiological studies.”#! Direct muscle stimula-
tion shows normal muscle excitability in uncooperative patients
with CIP and decreased muscle excitability in patients with
CIM.[® These electrophysiological tests usually require profes-
sional equipment and well-trained technicians, and are cumber-
some and time-consuming. Although muscle biopsy can provide
important information that aids in the diagnosis of CIP/CIM, it
is mostly used for scientific research owing to its invasiveness
and the risks associated with clinical use.!®’

Treatment of ICU-AW

As there is currently no effective treatment for ICU-AW, its
management mainly depends on prevention. It is therefore im-
portant to avoid or treat sepsis and inflammation early to re-
duce the risk of ICU-AW. Early treatment of sepsis can prevent
the development of muscle damage mediated directly and indi-
rectly by inflammation and promote early recovery of physical
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function, thereby reducing the incidence of muscle weakness.””!
Although tight glycemic control prevents the development of
ICU-AW,['3! there may be potential risks; studies have shown
an increased risk of death with intensive glucose control, possi-
bly due to hypoglycemia.”®! The optimal glucose levels remain
controversial, however, findings from multicenter randomized
controlled studies suggest that intermediate levels of blood glu-
cose may be safer.l””] As parenteral nutrition is a risk factor for
ICU-AW, early enteral nutrition should be advocated in critically
ill patients./”®! In this context, early parenteral nutrition is as-
sociated with a higher risk of ICU-AW, impaired recovery, and
prolongation of the duration of mechanical ventilation and ICU
stay.[6-7%]

In view of the potential negative effects of sedative drugs
on the development of ICU-AW.!®% and the increased risk of
ICU-AW in patients with immobilization,!® a reduction in se-
dation and early initiation of activity are important strategies
for its prevention and treatment. Mobilization represents an im-
portant component of the recovery process. Evidence suggests
that early rehabilitation in critically ill patients is safe, improves
outcomes, and improves muscle strength.®!! Early mobilization
has been shown to have dual effects; it reduces the occurrence of
ICU-AW and promotes the regulation of blood glucose to ensure
compliance with the target range.®?! In this context, a single-
center, parallel, randomized controlled trial found early mobi-
lization to be the first known intervention that improved long-
term cognitive impairment in ICU survivors after mechanical
ventilation; it also played a beneficial role in other aspects in-
cluding neuromuscular weakness and health-related quality of
life.[®3! In another international multi-center randomized con-
trolled trial that was conducted in the surgical ICU setting, early
goal-directed mobilization therapy increased the mobility level
in patients, shortened the length of stay in the ICU and hospi-
tal, and improved functional independence at discharge.®! A
systematic review that included 14 studies with a total of 1753
patients found that active mobilization and rehabilitation in the
ICU may improve mobility status and muscle strength; however,
it had no impact on short- and long-term mortality.®>! Notably,
a recent randomized controlled trial that included adult patients
undergoing mechanical ventilation found a higher incidence of
adverse events in the early mobilization group than in the usual
care group.!®® In view of the limited evidence, further well-
designed large-scale multi-center randomized controlled trials
will be needed to evaluate the effects of active mobilization and
rehabilitation.

Neuromuscular electrical stimulation (NMES) may be used as
alternative therapy, especially in patients who cannot actively
participate in physical therapy.'®”) Interestingly, a randomized
controlled trial that aimed to evaluate the effects of adding
NMES to early mobilization showed better outcomes with the
addition of NMES. The patients demonstrated a lower incidence
of ICU-AW, better muscle strength, and shorter length of hos-
pital stay.!®®l Although some studies suggest that this therapy
offers promise,®°! recent systematic reviews and meta-analyses
have not shown any significant positive impact of NMES in terms
of muscle strength, dependence on mechanical ventilation, and
ICU stay. ! The effects of NMES therapy therefore warrant fur-
ther investigation.

78

Journal of Intensive Medicine 4 (2024) 73-80
Conclusions

ICU-AW is a frequent complication of critical illnesses, lead-
ing to various adverse consequences. It may be essential for
persistent physical functional limitations among ICU survivors.
Given its detrimental impact, future research must prioritize
the prevention of this condition. In particular, the pathological
mechanisms underlying the development of AW in the ICU and
effective interventions warrant further investigation.
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