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Critical iliness neuromyopathy

Soo-Hyun Park’, Yoon-Jung Jeongz, Nam-Hee Kim?

'Department of Neurology, Inha University Hospital, Incheon, Korea
“Department of Internal Medicine, Dongguk University lisan Hospital, Goyang, Korea
*Department of Neurology, Dongguk University llsan Hospital, Goyang, Korea

Critical illness neuromyopathy (CINM) is a common but frequently underdiagnosed condition
in critically ill patients that contributes to ventilator weaning failure and limb weakness in
intensive care unit (ICU). CINM is subdivided into critical illness polyneuropathy and critical ill-
ness myopathy, and the occurrence of these conditions in the ICU is associated with multiple
organ failure due to sepsis or certain medications. CINM survivors might have persistent func-
tional disabilities and a poor quality of life. This situation demonstrates the need for efforts to
minimize or prevent CINM in critically ill patients. This article provides a current overview of
CINM and the associated clinical strategies.
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INTRODUCTION

Neuromuscular weakness often occurs in patients admitted to the intensive care unit (ICU),
which increases the difficulty of weaning them off the mechanical ventilator." This clinical
situation can be caused by various neuromuscular diseases such as Guillain-Barré syn-
drome, amyotrophic lateral sclerosis, myasthenia gravis, myositis, and myelopathy (Table 1);
however, critical illness neuromyopathy (CINM) should be considered first?> Olsen® was
the first to report peripheral neuropathy in comatose patients. Bolton et al.” established
the concept of critical illness polyneuropathy (CIP), which occurs in patients with sepsis or
multiple organ failure (MOF) in the ICU. MacFarlane and Rosenthal® reported myopathy
in acute respiratory failure that was treated with steroids and neuromuscular blocking
agents, and Lacomis et al.” proposed the name of critical illness myopathy (CIM).
Neuromuscular diseases in critically ill patients are largely classified into CIP and CIM.
However, muscles and nerves are often affected simultaneously in practice, making it dif-
ficult to clearly differentiate between CIM and CIP.'""? This has led to the two conditions
being combined into CINM or critical illness polyneuromyopathy (CIPNM)."*"” and CINM is
called by various names such as ICU-acquired weakness (ICU-AW), including ICU-acquied
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weakness (ICU-AW),"® ICU-acquired paresis (ICU-AP),'® crit-
ical illness myopathy and/or neuropathy (CRIMYNE),"® and
critical illness neuromuscular abnormalities (CINMA).'® CINM
results in a longer ICU stay, and even after recovery it often
restricts motor function, thereby placing an additional eco-
nomic burden on rehabilitation, which ultimately lead to
significant problems in the prognosis of critically il patients.
The increasing clinical significance of CINM in critical care
has prompted research into risk factors, pathogenesis, and
diagnostic electrophysiological tests. This article summarizes
recent findings related to CINM.

INCIDENCE AND RISK FACTORS

Prospective studies have found that CINM occurs in 25-87%
of patients treated in the ICU for at least 1 week,*>!!1315:2021
with the reported incidence being higher in patients with
sepsis, at 68-100%.">1>722 CINM mostly occurs in adults old-

er than 50 years and rarely in children, because sepsis occurs
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predominantly in the elderly. A meta-analysis found that the
incidence of CINM was 57%, and the prevalence of subsets
were 20% (CIM), 13% (CIP), and 9% (CINM) with the highest
frequency of CIM.%°

Since no specific treatment is available for CINM, pre-
vention is currently the best strategy, which makes it very
important to understand its triggering and risk factors.'
Systemic inflammatory response syndrome (SIRS) or MOF
associated with sepsis is considered the most relevant risk
factor."'®"” The various studies of risk factors for CINM have
produced different results due to differences in the included
patients or the applied diagnostic criteria. The risk factors
reported so far are summarized below.

Severity of illness

Most studies have found that the longer maintenance of the
mechanical ventilator or the longer stay in the ICU is related
with the higher severity of the disease."'%'® The disease
severity is scored on different scales, including Acute Phys-
iology and Chronic Failure Evaluation (APACHE) Ill, Sequen-

Table 1. Causes of acute neuromuscular weakness in critically ill patients

Lesion Disease
Brainstem Pontine hemorrhage or infarction
Spinal cord Transverse myelitis

Compressive lesion (tumor, abscess, or hemorrhage)

Infiltrative lesion (lymphoma or carcinoma)

Anterior-horn cell Amyotrophic lateral sclerosis

Poliomyelitis or polio-like syndrome

Peripheral nerve Guillain-Barré syndrome
cp

Vasculitic neuropathy

Toxic neuropathy (arsenic, thallium, or cyanide) or porphyria

Neuromuscular junction Myasthenia gravis
Weakness induced by neuromuscular blocking agent
Lambert-Eaton myasthenic syndrome
Botulism or organophosphorus poisoning

Muscle aMm

Severe electrolyte disorder (hypokalemia, hypomagnesemia, or hypophosphatemia)
Drug-induced and toxic myopathy (statins, amiodarone, propofol, or alcohol)
Infectious and inflammatory myopathy (polymyositis, or dermatomyositis)

Muscular dystrophy (myotonic dystrophy)
Acid maltase deficiency

CIP, critical illness polyneuropathy; CIM, critical illness myopathy.
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tial Organ Failure Assessment (SOFA), and Simplified Acute
Physiology Score (SAPS)-2. The incidence of CINM increases
with the severity as scored on these scales.”

Hyperglycemia

Hyperglycemia has been found to be a risk factor in most
studies."'9132%22 A meta-analysis found that active control of
blood sugar with insulin significantly reduces the incidence
of CINM and reduces the lengths of hospital stays and ven-
tilator use.”® However, more research is required before rec-
ommending the taking of insulin for preventing CINM. """

Sepsis

CINM occurs in more than 50% of patients with sepsis, mak-
ing this a very strong risk factor.® A meta-analysis found that
the risk of CINM was 3.7-fold higher in patients with sepsis
at the first week of hospitalization and 2.5-fold higher in pa-
tients with sepsis at 30 days after using a ventilator.”

Steroids and neuromuscular blocking agents

Steroids increase the incidence of CINM 15-fold and there-
fore have also been regarded as a strong risk factor.**° Since
the first reported case of CINM in an asthma patient taking
a neuromuscular blocking agent, such blockers have been
regarded as a potent risk factor for CINM2'® A meta-analysis
found that neuromuscular blockers increased the incidence

Table 2. Diagnostic criteria for CINM
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of CINM 16-fold, making them another strong risk factor.”*%

Kidney transplantation
One meta-analysis found that the risk of CINM was 1.9-fold
higher in the presence of kidney transplantation,”® but this

relationship remains controversial.*?

Malnutrition

The metabolism increases in most critically ill patients.
Animal experiments revealed that protein production is
reduced even if sufficient nutrition is supplied, and such an
enhancement of catabolism of skeletal muscle can lead to
CINM. Meta-analyses have found that parenteral nutrition
increases the incidence of CINM 5-fold %%

CLINICAL FEATURES AND DIAGNOSES

Critical illness polyneuropathy

A typical clinical feature of CIP is that it is difficult to wean off
the ventilator due to neuromuscular weakness in patients
older than 50 years who stay in the ICU for more than 5 days
with respiratory failure and sepsis. This weakness is more
severe in lower limbs than upper limbs, and involvement of
the eye and facial muscles is rare.""'” Distal weakness is more
prominent.'®"” Muscle mass is lost in 30% of CIP cases.”*

CIp

am

1. Critically ill (sepsis and multiple-organ failure; SIRS)

2. Limb weakness or difficulty weaning off ventilator support after nonneu-
romuscular causes such as heart and lung disease have been excluded
3. Electrophysiological evidence of axonal motor and sensory polyneurop-

athy
4. Normal response to repetitive nerve stimulation

1. Critically ill (sepsis and multiple-organ failure; SIRS)

2.Limb weakness or difficulty weaning off ventilator support after nonneu-
romuscular causes such as heart and lung disease have been excluded

3. Reduced motor response (@amplitude <80% of normal) in at least two
nerves without conduction block

4. Preserved sensory response (@amplitude >80% of normal)

5. Myopathy pattern in needle EMG or muscle nonexcitability in DMS

6. Normal response to repetitive nerve stimulation

7.Muscle histopathological findings of myopathy with myosin loss or
elevated serum CK

Definite diagnosis of CIP: all four criteria fulfilled
Probable diagnosis of CIP: criteria 1, 3, and 4 fulfilled
ICU-acquired weakness: criteria 1 and 2 fulfilled

Definite diagnosis of CIM: all seven criteria fulfilled
Probable diagnosis of CIM: criteria 1 and 3-6 fulfilled
ICU-acquired weakness: criteria 1 and 2 fulfilled

CINM, critical illness neuromyopathy; CIP, critical illness polyneuropathy; CIM, critical illness myopathy; SIRS, systemic inflammatory response syndrome;
EMG, electromyography; DMS, direct muscle stimulation; CK, creatine kinase; ICU, intensive care unit.
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Deep tendon reflexes (DTRs) are often normal in the early
stages and then gradually decrease as the disease progresses.®*

The electrophysiological feature of CIP is axonal damage
with reduced amplitudes of the compound muscle ac-
tion potential (CMAP) and sensory nerve action potential
(SNAP)."%'> The decreased CMAP amplitude first appears
within 2 weeks after the onset of SIRS.?® Electrophysiological
abnormalities were found in 63% of CIP patients with sepsis
within the first 3 days, for which the mortality rate is general-
ly high.?® Abnormal spontaneous potentials and polyphasic
motor unit potentials (MUPs) are observed in electromyogra-
phy (EMG)."*'? Electrophysiological findings vary depending
on the stage of CIP: SNAPs are initially normal, become ab-
normal as the disease progresses, and then normalize again
during the recovery phase.' Therefore, performing repeated
sensory examinations at different stages may be helpful for
differentiating CIP from CIM." The diagnostic criteria of CIP
include these clinical features and electrophysiological find-
ings (Table 2).’

Weakness associated with the long-term use of neuro-
muscular blockers may be mistaken for CIP or CIM in the
ICU, but this can be easily identified if the CMAP gradually
reduces during repeated nerve stimulation.! Normal muscle
enzyme levels (creatine kinase [CK]), normal CMAP duration,
and sensory abnormalities are important factors for differ-

Nutritional
support and
insulin treatment

Intravenous
immunoglobulins

Reduced use of
corticosteroids
and
neuromuscular
blocking

Treatment of
CINM

Treatment of
underlying disease

Rehabilitation

Fig. 1. Treatment of CINM.
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entiating CIP from CIM.>'® While small-amplitude MUPs in
EMG may help to differentiate between CIP and CIM, MUPs
are difficult to measure accurately because most critically
ill patients are uncooperative.”’ This has prompted several
tests being designed for uncooperative patients, and direct
muscle stimulation (DMS) has recently been recommended
as a diagnostic test.”®

Critical illness myopathy
The main clinical features of CIM are flaccid paralysis of the
limb and weakness of the neck flexor muscle. CIM is often
accompanied by weakness of the facial and respiratory
muscles, which makes weaning off the ventilator difficult.”'*
Proximal weakness is more prominent than distal weakness,
and sensory function is normal.’
decreased, and myalgia is rare’

CIM is more common than CIP and has a faster recov-
ery.'%'22% Dye to the variety of pathological findings and
clinical patterns, studies often include different subtypes,
which may lead to confusion. Generally, CIM includes all
types of myopathy in critically ill patients, such as thick-fil-
ament myopathy, necrotizing myopathy, rhabdomyolysis,
and cachectic myopathy."*'” In addition, acute steroid my-
opathy and acute pancuronium myopathy may be included
in CIM.?

The CMAP amplitude decreases in CIM like it does in CIP,
but in CIM the duration of CMAP increases and the SNAP
is normal.”'% The conduction velocity of muscle fibers

DTRs are either normal or

decreases with decreased excitability of the sarcolemma
membrane, and the increased variability of muscle fiber
conduction velocities increases the CMAP duration.">'83 It
is important to confirm abnormal spontaneous potentials of
short duration and small-amplitude MUPs in EMG. However,
MUPs cannot be accurately evaluated in critically ill patients
due to their non-cooperation.”’ So DMS can be used instead
to distinguish CIM from CIP."®?'*! CK may be helpful in this
differentiation, since the level is slightly elevated in CIM and
normal in CIP."

An electrophysiological examination and CK levels are the
most important tools for diagnosing CIM (Table 2)." While it
is not always necessary to perform a biopsy to confirm CIM,
a biopsy should be considered if inflammatory myopathy is
suspected or if biopsy findings could significantly affect the
treatment plan.’

http://www.e-acn.org
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TREATMENT AND PROGNOSIS

It has been reported that only preventive and supportive
treatments are helpful for CINM. The treatment strategies
include aggressively treating the underlying disease (sepsis
or MOF), rehabilitation, nutritional support, reduced use of
neuromuscular blocking agents and corticosteroids, and
immunoglobulins (Fig. 1).% Intravenous immunoglobulin
G (IVIG) has been reported to prevent CIP when it is applied
for Gram-negative sepsis within the first 3 days.® IVIG may
be useful a therapeutic agent in the future, but more studies
are needed.' Plasmapheresis was reported to be effective by
removing various cytokines. Two studies found that inten-
sive insulin therapy (targeted at producing a blood glucose
of 80-110 mg/dL) may lower the incidence of CIM and CIP
in patients staying in the ICU for at least 7 days,>">* but this
remains to be confirmed.

Most patients with CINM remain severely weak at dis-
charge, but this weakness gradually recovers over time,
especially in the upper limbs.? Follow-up studies found
that 68% of CINM patients were able to walk without help,
whereas the sequela of severe weakness remained in 28% of
CINM.'333¢ Follow-ups after 3 months revealed clinical dis-
ability in 47% cases and electrophysiological abnormalities
in 73% of CINM.?>* The in-hospital mortality rate is much
higher when accompanied by CINM (36-55%),%%%%37 with
meta-analyses finding that CINM increases in-hospital mor-
tality by 7.1-fold.*? It is difficult to wean off the mechanical
ventilation in approximately 30% of CINM patients in the
ICU."*° The occurrence CINM was found to increase the risk
of long-term ventilator use 15- to 24-fold 2%

CONCLUSIONS

CINM is a major cause of neuromuscular weakness and is
associated with difficulty of weaning off the ventilator in the
ICU. Thus, CINM is a key factor in determining the prognosis
of critically ill patients. The ability to accurately differentiate
and rapidly diagnose CINM will lead to changes in treatment
strategies and improvements in prognoses. Therefore, a
clear understanding of CINM is important, and it is expected
that many future studies on CINM will be conducted to im-
prove the outcomes of critically ill patients.

https://doi.org/10.14253/acn.2020.22.2.61

ANNALS OF
CLINICAL
NEUROPHYSIOLOGY

Acknowledgements

This work was supported by the National Research Founda-
tion (NRF) of Korea, funded by a Medical Research Center
Grant (NRF-2014R1A5A2009392).

Conflicts of Interest
The authors declare no conflicts of interest relevant to this
article.

REFERENCES

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

2. Lacomis D, Petrella JT, Giuliani MJ. Causes of neuromuscular
weakness in the intensive care unit: a study of ninety-two pa-
tients. Muscle Nerve 1998,21:610-617.

3. Hund E. Neurological complications of sepsis: critical illness poly-
neuropathy and myopathy. J Neurol 2001,248:929-934.

4. De Jonghe B, Sharshar T, Lefaucheur JP, Authier FJ, Durand-Zales-
ki |, Boussarsar M, et al. Paresis acquired in the intensive care unit:
a prospective multicenter study. JAMA 2002;288:2859-2867.

5. Dhand UK. Clinical approach to the weak patient in the intensive
care unit. Respir Care 2006;51:1024-1041.

6. Olsen CW. Lesions of peripheral nerves developing during coma.
JAm Med Assoc 1956;160:39-41.

7. Bolton CF, Gilbert JJ, Hahn AF, Sibbald WJ. Polyneuropathy in
critically il patients. J Neurol Neurosurg Psychiatry 1984,47:1223-
1231.

8. MacFarlane IA, Rosenthal FD. Severe myopathy after status asth-
maticus. Lancet 1977;2:615.

9. Lacomis D, Zochodne DW, Bird SJ. Critical illness myopathy. Mus-
cle Nerve 2000,23:1785-1788.

10. Latronico N, Bolton CF. Critical illness polyneuropathy and my-
opathy: a major cause of muscle weakness and paralysis. Lancet
Neurol 2011;10:931-941.

11. Visser LH. Critical illness polyneuropathy and myopathy: clinical
features, risk factors and prognosis. Eur J Neurol 2006;13:1203-
1212.

12. Kress JP, Hall JB. ICU-acquired weakness and recovery from criti-
calillness. N Engl J Med 2014;371:287-288.

13. Jolley SE, Bunnell AE, Hough CL. ICU-acquired weakness. Chest
2016;150:1129-1140.

14. Witteveen E, Wieske L, Verhamme C, Schultz MJ, van Schaik IN,

http://www.e-acn.org 65



ACN

20.
21.

22.

23.

24.

25.

66

Horn J. Muscle and nerve inflammation in intensive care unit-ac-
quired weakness: a systematic translational review. J Neurol Sci
2014;345:15-25.

Shepherd S, Batra A, Lerner DP. Review of critical illness myopa-
thy and neuropathy. Neurohospitalist 2017;7:41-48.

De Jonghe B, Lacherade JC, Durand MC, SharsharT. Critical illness
neuromuscular syndromes. Neurol Clin 2008;26:507-520.

Pandit L, Agrawal A. Neuromuscular disorders in critical illness.
Clin Neurol Neurosurg 2006;108:621-627.

Stevens RD, Marshall SA, Cornblath DR, Hoke A, Needham
DM, de Jonghe B, et al. A framework for diagnosing and clas-
sifying intensive care unit-acquired weakness. Crit Care Med
2009;37:5299-S308.

Lorin S, Nierman DM. Critical illness neuromuscular abnormali-
ties. Crit Care Clin 2002;18:553-568.

Stevens RD, Dowdy DW, Michaels RK, Mendez-Tellez PA, Pron-
ovost PJ, Needham DM. Neuromuscular dysfunction acquired
in critical illness: a systematic review. Intensive Care Med
2007;33:1876-1891.

Apostolakis E, Papakonstantinou NA, Baikoussis NG, Papado-
poulos G. Intensive care unit-related generalized neuromuscular
weakness due to critical illness polyneuropathy/myopathy in
critically ill patients. J Anesth 2015,29:112-121.

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

Garnacho-Montero J, Madrazo-Osuna J, Garcfa-Garmendia JL,
Ortiz-Leyba C, Jiménez-Jiménez FJ, Barrero-Almoddvar A, et al.
Critical illness polyneuropathy: risk factors and clinical conse-
quences. A cohort study in septic patients. Intensive Care Med
2001;27:1288-1296.

Zifko UA, Zipko HT, Bolton CF. Clinical and electrophysiolog-
ical findings in critical illness polyneuropathy. J Neurol Sci
1998;159:186-193.

Tennild A, Salmi T, Pettild V, Roine RO, Varpula T, Takkunen O. Early
signs of critical illness polyneuropathy in ICU patients with sys-
temic inflammatory response syndrome or sepsis. Intensive Care
Med 2000;26:1360-1363.

https://doi.org/10.14253/acn.2020.22.2.61

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Annals of Clinical Neurophysiology Volume 22, Number 2, October 2020

Khan J, Harrison TB, Rich MM, Moss M. Early development of
critical illness myopathy and neuropathy in patients with severe
sepsis. Neurology 2006;67:1421-1425.

Johnson KL. Neuromuscular complications in the intensive care
unit: critical illness polyneuromyopathy. AACN Adv Crit Care
2007;18:167-180.

Rich MM, Bird SJ, Raps EC, McCluskey LF, Teener JW. Direct mus-
cle stimulation in acute quadriplegic myopathy. Muscle Nerve
1997;20:665-673.

Koch S, Spuler S, Deja M, Bierbrauer J, Dimroth A, Behse F, et al.
Critical illness myopathy is frequent: accompanying neurop-
athy protracts ICU discharge. J Neurol Neurosurg Psychiatry
2011,82:287-293.

Sitwell LD, Weinshenker BG, Monpetit V, Reid D. Complete oph-
thalmoplegia as a complication of acute corticosteroid-and pan-
curonium-associated myopathy. Neurology 1991;41:921-922.
Van den Berghe G, Schoonheydt K, Becx P, Bruyninckx F, Wouters
PJ. Insulin therapy protects the central and peripheral nervous
system of intensive care patients. Neurology 2005,64:1348-1353.
Zhou C, Wu L, Ni F, JiW, Wu J, Zhang H. Critical illness polyneu-
ropathy and myopathy: a systematic review. Neural Regen Res
2014;,9:101-110.

Mohr M, Englisch L, Roth A, Burchardi H, Zielmann S. Effects of
early treatment with immunoglobulin on critical illness poly-
neuropathy following multiple organ failure and gram-negative
sepsis. Intensive Care Med 1997;23:1144-1149.

Hermans G, De Jonghe B, Bruyninckx F, Van den Berghe G.
Interventions for preventing critical illness polyneuropathy
and critical illness myopathy. Cochrane Database Syst Rev
2014;(1).CD006832.

Berek K, Margreiter J, Willeit J, Berek A, Schmutzhard E, Mutz NJ.
Polyneuropathies in critically ill patients: a prospective evalua-
tion. Intensive Care Med 1996;22:849-855.

Leijten FS, Harinck-de Weerd JE, Poortvliet DC, de Weerd AW. The
role of polyneuropathy in motor convalescence after prolonged
mechanical ventilation. JAMA 1995;274:1221-1225.

Campellone JV, Lacomis D, Kramer DJ, Van Cott AC, Giuliani
MJ. Acute myopathy after liver transplantation. Neurology
1998;50:46-53.

http://www.e-acn.org



