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Abstract: ICU-acquired weakness is the most common neuromuscular injury in critically ill patients and an important issue
that affects their long-term quality of life. Although ICU-acquired weakness has received increasing attention in recent years,
there is still no consensus on its pathophysiological mechanisms, and there are knowledge gaps in identifying high-risk patients
and subsequent treatment. This article summarizes the research on ICU-acquired weakness in terms of pathophysiological
mechanisms, diagnostic methods, and treatment through a literature review.
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1. Introduction

ICU-acquired weakness denotes a neuromuscular
weakness clinical syndrome observed in the intensive care
unit (ICU). The syndrome manifests as a systemic and
symmetrical deterioration or loss of muscle function,
primarily impacting the limbs and respiratory muscles, with
minimal influence on facial and ocular muscles[1]. Patients
with this ailment may experience breathing challenges,
restricted mobility, and other functional limitations.
Electrophysiological assessments enable the classification of
ICU-acquired weakness into three distinct subtypes: critical
illness polyneuropathy(CIP),critical illness myopathy (CIM)
and critical illness neuromyopathy(CINM)[2].

Due to the progress in critical care medicine, the mortality
rate of critically ill patients has been reduced. However, the
long-term physical impairment of ICU survivors is a growing
concern[3]. ICU-acquired weakness is a common
complication related to muscle weakness in critically ill
patients, which is associated with difficulty in weaning
respiratory muscles, prolonged ICU hospital stay, increased
mortality and other long-term adverse outcomes[1]. About 80%
of patients admitted to ICU will have neuromuscular
dysfunction in different degrees and forms[4]. Some studies
have found that the incidence of ICU-acquired weakness is
26%-65% in patients who are conscious after 5-7 days of
mechanical ventilation, 67% in patients who have been
ventilated for more than 10 days[5], 70% in patients with
sepsis and systemic inflammatory response syndrome[6], and
100% in patients with multiple organ failure. ICU-acquired
weakness also increases nursing costs by 60%[7]. A
multicenter prospective study conducted in Canada revealed
that ICU-acquired weakness occurs in 32.8% of critically ill
patients, leading to increase in-hospital mortality rates and
reduced quality of life when compared to non-affected
individuals[8]. A further multicenter prospective study,
encompassing a cohort of relatively young patients with an
average age of 58.5 years, revealed the prevalence of ICU-
acquired weakness among this demographic group. These
young critically ill patients exhibited elevated one-year
mortality and readmission rates[9]. At present, the incidence
rate of ICU-acquired weakness is relatively high, causing
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huge economic and medical burdens for healthcare
institutions and patients' families[10]. Hence, this review
consolidates the latest insights into the pathophysiology,
clinical diagnostics, and management of ICU-acquired
weakness to enhance comprehension among readers
regarding its prevalence in critically ill patients, with the goal
of advancing clinical treatment outcomes.

2. Pathophysiology

Frequent triggers of ICU-acquired weakness comprise
severe systemic inflammatory states, specific medication use
(such as corticosteroids, neuromuscular blocking agents,
aminoglycosides[11], vasoactive drugs[12], etc.), inadequate
blood glucose control, and immobility[13]. Nevertheless, the
precise pathological and physiological mechanisms leading to
the development of ICU-acquired weakness currently remain
unclear. Animal model-based studies indicate a close
connection between acquired weakness and intricate
structural or functional alterations in the central nervous
system, peripheral nerves, and muscle fibers[1]. This
relationship often presents as muscle atrophy, impaired
muscle function, and hypokalemia[14,15].

Muscle atrophy ensues from an imbalance in muscle
protein synthesis and degradation, leading to notable
depletion of myosin and myosin-associated proteins in
individuals with ICU-acquired weakness. This phenomenon
markedly contrasts with the chronic muscle wasting attributed
to malnutrition[16]. At the same time, factors such as
Structural ~ muscle  alterations[17],  Microcirculatory
disturbances[18],Mitochondrial  dysfunction[1],Inadequate
autophagy activation[19], ion channel dysfunction[20] can
lead to muscle dysfunction in patients with ICU-acquired
weakness.

In addition, during the period of critical illness, the level of
glucagon will increase, which will increase the catabolism of
amino acids in the liver and induce hypoaminoacidemia[21].
Moreover, experiments have proved that increasing glucagon
level and amino acid infusion can increase the breakdown of
amino acids in the liver, and will not prevent muscle
atrophy[21].



3. Diagnosis

The diagnosis of ICU-acquired weakness primarily
depends on clinical manifestations and the evaluation of
peripheral and/or respiratory muscle strength.

The evaluation of peripheral muscle strength can be
conducted through various methods:1) the clinical
quantification of muscle strength involves the Medical
Research Council sum score (MRC-SS) and handgrip
dynamometry[22]. This assessment necessitates patient
alertness and cooperation for executing actions as directed by
the evaluator. Nevertheless, critically ill patients commonly
face challenges in cooperation due to sedation, delirium, and
other factors [22]. As a result, this approach is mainly
employed for muscle strength assessment in patients at
discharge or during follow-up[23]. 2) Nerve conduction
studies(NCS): This method can be used for unconscious and
uncooperative patients, and the test is fast, safe, and easy to
administer. It is a common neuroelectrophysiological
examination method that evaluates the normalcy of nerve
conduction function by measuring the conduction velocity
and response time of nerve fibers, thereby assisting in the
diagnosis and treatment of neurological diseases.[24].
Relevant studies have shown that the sensitivity of single
peroneal NCS for neuromuscular diseases is 100%, with a
specificity of 81%[25]. Additionally, the specificity of this
test in patients with ICU-acquired weakness is 75%, while it
is 36% in healthy controls[26]. 3) Ultrasonic examination:
ultrasound examination enables rapid and repetitive
assessment of changes in the quantity, quality, and structure
of patient muscles at the bedside[27]. A study involving 63
critically ill patients suggested that the predictive sensitivity
of lateral femoral ultrasonography for fiber necrosis in muscle
biopsy specimens was 74%, and the sensitivity was 85% in
patients without potential iatrogenic causes of muscle
necrosis[14]. Although muscle ultrasonography is a potential
marker for the diagnosis of ICU-acquired weakness[28], it
relies on the operator's skill and experience and may
underestimate muscle and protein loss[29]. 4) nerve and
muscle biopsies are characterized by their high invasiveness
and the numerous complications they entail, which has
hindered their widespread adoption in routine clinical practice
[27].

Assessment of respiratory muscles can be performed by: 1)
measuring maximal inspiratory pressure and expiratory
pressure to evaluate the overall strength of respiratory
muscles, where high values can indicate the absence of
respiratory muscle weakness[30]; 2) assessing diaphragmatic
muscle pressure, where elevated values can suggest the
absence of respiratory muscle weakness. However, this
technique is invasive and challenging to perform, thereby
restricting its clinical utility[31]; 3) conducting chest X-ray
and lung ultrasound examinations. Both methods are
straightforward, convenient, and reproducible tests with
relatively good diagnostic accuracy, albeit with lower
sensitivity and specificity[32].

4. Preventive and Therapeutic
Measures

Various approaches are employed in clinical settings to
prevent and manage ICU-acquired weakness; however, the
outcomes remain unsatisfactory[19]. Established treatments
currently include: 1) Glycemic control: Although an optimal
blood glucose target is not yet defined, maintaining fasting
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blood sugar levels within the normal range in ICU patients
exerts a protective effect on both the central and peripheral
nervous systems[33], leading to a significant decrease in the
occurrence of ICU-acquired weakness[34]. 2) Minimization
of unnecessary sedation and early mobilization: Early
mobilization is effective in mitigating muscle atrophy,
reducing hospital stays, and preventing respiratory muscle-
related pneumonia, thereby playing a crucial role in the
prevention of ICU-acquired weakness[35]. 3) Rehabilitation
training: Studies have demonstrated that ICU patients
undergoing rehabilitation training exhibit substantial
improvement in activity levels and muscle strength upon ICU
discharge compared to those without such intervention, and
also experience a higher 6-month survival rate[36]. 4)
Neuromuscular electrical stimulation (NMES) is a technique
that uses low-frequency electrical current to stimulate specific
muscle groups through electrodes[37], and it has been proven
to be effective in treating damaged muscles[38]. Studies have
shown that NMES can effectively improve muscle strength,
shorten the duration of mechanical ventilation, ICU stay, and
total hospital stay for ICU patients, while also enhancing
patients' autonomy in daily life and improving their activity
status at discharge. However, the impact of NMES on the
functional status, level of consciousness, and mortality rate of
ICU patients during hospitalization is still unclear.
Furthermore, there is no evidence that NMES treatment can
reduce the mortality rate of ICU patients[39].

5. Conclusion

ICU-acquired weakness is a prevalent complication in ICU
patients, deeply affecting short-term and long-term clinical
outcomes. Given the absence of specific treatment protocols
for this condition, early mobilization has proven to be crucial
in preventing ICU-acquired weakness. Consequently, it is
imperative to advance comprehension of ICU-acquired
weakness and enforce early prevention strategies to enhance
the long-term prognosis of patients.

References

[1] Vanhorebeek I, Latronico N, Van den Berghe G. ICU-acquired

weakness[J]. Intensive Care Medicine, 2020, 46(4): 637-653.
(2]

Tortuyaux R, Davion J B, Jourdain M. Intensive care unit-
acquired weakness: Questions the clinician should ask[J].

Revue Neurologique, 2022, 178(1): 84-92.

Inoue S, Hatakeyama J, Kondo Y, et al Post-intensive care
syndrome: its pathophysiology, prevention, and future
directions[J]. Acute Medicine & Surgery, 2019, 6(3): 233-246.

Jolley S E, Bunnell A E, Hough C L. ICU-Acquired
Weakness[J]. Chest, 2016, 150(5): 1129-1140.

[5] Hermans G, Van den Berghe G. Clinical review: intensive care
unit acquired weakness[J]. Critical Care (London, England),

2015, 19(1): 274.

Connolly B, Salisbury L, O’Neill B, et al Exercise
rehabilitation following intensive care unit discharge for
recovery from critical illness[J]. The Cochrane Database of
Systematic Reviews, 2015, 2015(6): CD008632.

[6]

de Jonghe B, Lacherade J C, Sharshar T, et al Intensive care
unit-acquired weakness: risk factors and prevention[J]. Critical
Care Medicine, 2009, 37(10 Suppl): S309-315.

Bagshaw S M, Stelfox H T, McDermid R C, et al Association
between frailty and short- and long-term outcomes among
critically ill patients: a multicentre prospective cohort study[J].



[10]

(1]

[12]

[13]

[14]

[21]

[22

—

(23]

(24]

CMAJ: Canadian Medical Association Journal, 2014, 186(2):
E95-E102.

Bagshaw M, Majumdar S R, Rolfson D B, et al A prospective
multicenter cohort study of frailty in younger critically ill
patients[J]. Critical Care, 2016, 20: 175.

Agusti A, Anté J M, Auffray C, et al Personalized respiratory
medicine: exploring the horizon, addressing the issues.
Summary of a BRN-AJRCCM workshop held in Barcelona on
June 12, 2014[J]. American Journal of Respiratory and Critical
Care Medicine, 2015, 191(4): 391-401.

Yang T, Li Z, Jiang L, et al Risk factors for intensive care unit-
acquired weakness: A systematic review and meta-analysis[J].
Acta Neurologica Scandinavica, 2018, 138(2): 104-114.

Latronico N, Bolton C F. Critical illness polyneuropathy and
myopathy: a major cause of muscle weakness and paralysis[J].
The Lancet. Neurology, 2011, 10(10): 931-941.

Schweickert W D, Hall J. ICU-acquired weakness[J]. Chest,
2007, 131(5): 1541-1549.

Puthucheary Z A, Rawal J, McPhail M, et al Acute skeletal
muscle wasting in critical illness[J]. JAMA, 2013, 310(15):
1591-1600.

Druml W, Heinzel G, Kleinberger G. Amino acid kinetics in
patients with sepsis[J]. The American Journal of Clinical
Nutrition, 2001, 73(5): 908-913.

Batt J, Herridge M, Dos Santos C. Mechanism of ICU-acquired
weakness: skeletal muscle loss in critical illness[J]. Intensive
Care Medicine, 2017, 43(12): 1844-1846.

Derde S, Hermans G, Derese I, et al Muscle atrophy and

preferential loss of myosin in prolonged critically ill patients[J].

Critical Care Medicine, 2012, 40(1): 79-89.

Vanhorebeek I, Gunst J, Derde S, et al Insufficient activation
of autophagy allows cellular damage to accumulate in critically
ill patients[J]. The Journal of Clinical Endocrinology and
Metabolism, 2011, 96(4): E633-645.

Friedrich O, Reid M B, Van den Berghe G, et al The Sick and
the Weak: Neuropathies/Myopathies in the Critically III[J].
Physiological Reviews, 2015, 95(3): 1025-1109.

Latronico N, Friedrich O. Electrophysiological investigations
of peripheral nerves and muscles: a method for looking at cell
dysfunction in the critically ill patients[J]. Critical Care
(London, England), 2019, 23(1): 33.

Thiessen S E, Derde S, Derese I, et al Role of Glucagon in
Catabolism and Muscle Wasting of Critical Illness and
Modulation by Nutrition[J]. American Journal of Respiratory
and Critical Care Medicine, 2017, 196(9): 1131-1143.

Stevens R D, Marshall S A, Cornblath D R, et al A framework
for diagnosing and classifying intensive care unit-acquired
weakness[J]. Critical Care Medicine, 2009, 37(10 Suppl):
S299-308.

Casaer M P, Mesotten D, Hermans G, et al Early versus late
parenteral nutrition in critically ill adults[J]. The New England
Journal of Medicine, 2011, 365(6): 506-517.

Moss M, Yang M, Macht M, et al Screening for critical illness
polyneuromyopathy with single nerve conduction studies[J].
Intensive Care Medicine, 2014, 40(5): 683-690.

47

[25]

[26]

[27]

[28

—_

[29]

[30]

[31]

[32]

[35]

[37

—

[38]

[39]

Latronico N, Nattino G, Guarneri B, et al Validation of the
peroneal nerve test to diagnose critical illness polyneuropathy
and myopathy in the intensive care unit: the multicentre Italian
CRIMYNE-2 diagnostic accuracy study[J]. F1000Research,
2014, 3: 127.

Wieske L, Verhamme C, Witteveen E, et al Feasibility and
diagnostic accuracy of early electrophysiological recordings
for ICU-acquired weakness: an observational cohort study[J].
Neurocritical Care, 2015, 22(3): 385-394.

Formenti P, Umbrello M, Coppola S, et al Clinical review:
peripheral muscular ultrasound in the ICU[J]. Annals of
Intensive Care, 2019, 9(1): 57.

Puthucheary Z A, Phadke R, Rawal J, et al Qualitative
Ultrasound in Acute Critical Illness Muscle Wasting[J].
Critical Care Medicine, 2015, 43(8): 1603-1611.

Joskova V, Patkova A, Havel E, et al Critical evaluation of
muscle mass loss as a prognostic marker of morbidity in
critically ill patients and methods for its determination[J].
Journal of Rehabilitation Medicine, 2018, 50(8): 696-704.

Roberson A R, Starkweather A, Grossman C, et al Influence of
muscle strength on early mobility in critically ill adult patients:
Systematic literature review[J]. Heart & Lung: The Journal of
Critical Care, 2018, 47(1): 1-9.

Dres M, Goligher E C, Heunks L M A, etc.. Critical illness-
associated diaphragm weakness[J]. Intensive Care Medicine,
2017, 43(10): 1441-1452.

Qian Z, Yang M, Li L, et al Ultrasound assessment of
diaphragmatic dysfunction as a predictor of weaning outcome
from mechanical ventilation: a systematic review and meta-
analysis[J]. BMJ open, 2018, 8(9): €021189.

Van den Berghe G, Schoonheydt K, Becx P, et al Insulin
therapy protects the central and peripheral nervous system of
intensive care patients[J]. Neurology, 2005, 64(8): 1348-1353.

Hermans G, Wilmer A, Meersseman W, et al Impact of
intensive insulin therapy on neuromuscular complications and
ventilator dependency in the medical intensive care unit[J].
American Journal of Respiratory and Critical Care Medicine,
2007, 175(5): 480-489.

Rosa D, Negro A, Marcomini I, et al The Effects of Early
Mobilization on Acquired Weakness in Intensive Care Units:
A Literature Review[J]. Dimensions of critical care nursing:
DCCN, 2023, 42(3): 146-152.

Tipping C J, Harrold M, Holland A, et al The effects of active
mobilisation and rehabilitation in ICU on mortality and
function: a systematic review[J]. Intensive Care Medicine,
2017, 43(2): 171-183.

Maffiuletti N A. Physiological and methodological
considerations for the use of neuromuscular -electrical
stimulation[J]. European Journal of Applied Physiology, 2010,
110(2): 223-234.

Roig M, Reid W D. Electrical stimulation and peripheral
muscle function in COPD: a systematic review[J]. Respiratory
Medicine, 2009, 103(4): 485-495.

LiuM, Luo J, Zhou J, et al Intervention effect of neuromuscular
electrical stimulation on ICU acquired weakness: A meta-
analysis[J]. International Journal of Nursing Sciences, 2020,
7(2): 228-237.



