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Chapter 14. COVID-19-related myopathy

Gianluca Costamagna, Daniele Velardo, Giacomo Pietro Comi

Introduction

Various different viral infections can lead to muscle damage. These in-
-

sackievirus, cytomegalovirus (CMV), West Nile virus, Dengue virus, Severe 

1-3

are still poorly understood. Possible pathogenic mechanisms may involve an 
acute cytokine release, para- or post-dysimmune dysfunctions, side effects of  
pharmacologic treatments, critical illness-associated mechanisms, or a direct vi-
ral invasion (Figure 14.1). 
Figure 14.1: Potential causes associated with SARS-CoV-2 muscle involvement 
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-
rogenic effects from systemic drugs and critical illness-related muscular comor-

CoV-2-triggered dysimmune reactions, or direct viral invasion may also lead to 
muscle damage.

human cells4

the blood vessels, and the immune system5. Although there is still no evidence 
4, repre-

-
 

and possibly muscle damage. Different studies reported small arteriolar and 
venular thromboses in multiple organs with vasculopathy and vasculitis in se-

7 potentially linked to muscle damage. 

Muscular involvement and SARS-CoV-2 infection

-
algia8,  myositis9–11 as well as critical-illness myopathies14.

Myalgia

-
fection is highly heterogeneous, including mainly case reports and retrospective 
analyses (Table 14.1).

Most studies report myalgia as the most frequent muscular symptom. Muscle 
-

tients8 -
-

physiology of  the muscle injury. In another study involving 41 infected Chinese 
patients, 18 (44%) complained about myalgia and fatigue. In particular, all 18 
patients complained about myalgia as symptom onset; of  these, 7 patients re-
quired admission to an intensive care unit (ICU)8 

a retrospective study in a European cohort of  1,420 patients, Lechien et al. re-
15. In a population of  48 patients with 

centers, 14 (29.2%) reported myalgia (G Costamagna, unpublished data, 2021).
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Table 14.1  Selected case reports/series and observational studies  
on SARS-CoV-2-associated myopathies
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887 Myalgia 15

Myalgia, fatigue
Myalgia 17

48 Myalgia Normal 18

23 Myalgia >200 U/L in 23 19

18 Myalgia, fatigue 8

11 Myalgia 20

Myositis 21

5 Myalgia 22

5 > 200 U/l in 5 23

4 8-15 2M, 
2 F

Weakness Myogenic 24

1 M Weakness 11,842 12

1 58 F Weakness 700 Fibrilla-
tions

Myositis 25

1 71 M Weakness, Myalgia 8720
1 M Weakness, fatigue 27

1 38 M Myalgia 28

1 M Weakness, Myalgia 25,384 9

1 57 F Weakness 15,000 Myogenic Necrotizing 
myopathy

29

1 38 M Weakness 29,000 Type I Inter-
feronopathy

11

138 infected Chinese patients, including 48 subjects presenting with myalgia, 
CK levels were normal in most cases18. In a Chinese study on 1,099 patients, 

(13.7%) presented increased CK to > 200 U/L

17. In a 

severity30.
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Altogether, these studies suggest the presence of  myalgia and variable de-

the heterogeneous populations, the variable assessment of  muscle involvement, 
and the absence of  data from patient medical records on pre-infectious mus-

these studies prospectively investigated post-infectious muscle damage. 

Myositis and rhabdomyolysis

Single case reports and small case series have described muscular damage in 
-

than distally, who was unable to walk. Laboratory testing showed markedly in-
creased CK levels (29,000 U/L). Muscle biopsy revealed some features typically 

-
ders with prominent enhanced type I interferon signaling31. Histopathological 

11. 
Treatment with intravenous remdesevir and methylprednisolone followed by 
oral prednisone led to mild clinical improvement and improvement in CK levels. 

-

observations, 2021). She was brought to the emergency department following 
a transitory loss of  consciousness, new-onset mild fever, and severe muscle 

-

elevation (10,988 U/L), increased alanine aminotransferase (ALT), aspartate 
aminotransaminase (AST), troponin T and lactate dehydrogenase (LDH) levels. 
EKG and transthoracic echocardiogram ruled out acute myocardial infarction.  

dermatological evaluation highlighted diffuse skin thickening and hardening on 
the neck, chest, and thighs consistent with cutaneous manifestations of  sys-

mild and patchy contrast enhancement in the lower limbs. EMG documented 
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histopathological studies). A diagnosis of  acute rhabdomyolysis associated with 

was made. A 5-day course with intravenous methylprednisolone followed by 

CoV-2 infection. A previously healthy patient complained about acute-onset, 

consistent with an acute myopathy. Work-up for polymyositis, dermatomyositis 
and necrotizing autoimmune myopathies (NAM) with comprehensive autoim-

muscle and quadricipital edema, suggesting a bilateral lower-limb myositis9. 
In another study, a 58-year-old female presented with limb and facial weak-

-
sy25. The authors reported an improvement in symptoms after a 5-day course 
of  intravenous methylprednisolone and tocilizumab. Shabbir et al. highlighted 
the case of  a middle-aged woman with a history of  chronic myopericarditis 

She developed bilateral leg weakness and elevated CK levels up to 19,000 U/L 
-

neous edema and symmetrical diffuse alterations in all muscle compartments, 

effusion, consistent with myopericarditis. Following treatment with colchicine, 
ibuprofen, and prednisolone, the patient showed both cardiac and muscular im-

CoV-2 infected patients showed intramuscular edema and/or enhancement, 
supporting the evidence of  a possible lumbar spine myositis in some patients10. 

ultrasound-guided, post-mortem morphological studies highlighted features of  
21.

Although a thorough muscular diagnostic work-up was not performed, dif-

-

LDH, and CK elevation up to 43,000 U/L28. Similarly, other manuscripts report 
patients with increased levels of  CK at disease onset32 or during hospital stay12.

However, since these early reports lack a full muscle diagnostic workup (e.g., 

critical illness-associated effects cannot be ruled out.
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Necrotizing autoimmune myopathies

One case report described a possible association between necrotizing au-

-
ally idiopathic, patients taking statins or presenting viral infections or neoplastic 
diseases may develop this condition33

response, possibly as a result of  viral infections34.
Veyseh et al. described the case of  a 57-year-old woman presenting with 

-
tory symptoms29. -

-
sented to the hospital with progressive muscle weakness over 2 weeks. Lower 

with edema of  the myofascial layers, consistent with myositis. EMG displayed 
an irritative myogenic pattern in the tibialis anterior muscles. Muscle biopsy 

-
trates, suggesting NAM. Potential confounding factors including acute viral in-
fections, electrolyte abnormalities, endocrinopathies, and statin use were ruled 
out. Serologic testing was positive for ANA (1:320, speckled pattern) and low 

-

to an improvement in muscle strength and decreasing CK levels. The authors 

-
sponse targeting the muscles, there have been no reliable reports of   viral-trig-
gered autoimmune muscular disorders.

Critical illness myopathy

Available reports have described ICU-acquired weakness (ICUAW) in severe 

sparing facial and ocular muscles . Diaphragm dysfunction may develop 
more frequently than limb weakness37

-
rogenic disorders known as critical illness polyneuropathy (CIP) and myogenic 
abnormalities referred to as critical illness myopathy (CIM) can cause ICUAW . 

38,39. 
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Table 14.2 shows the typical features of  CIP and CIM in electrophysiological 
and biopsy studies. 

Table 14.2  Features of  critical illness polyneuropathy and critical illness  
myopathy in electrophysiological and biopsy studies

Critical illness myopathy Critical illness neuropathy

CMAP amplitude Decreased Decreased
CMAP duration Increased Normal
SNAP amplitude Normal Decreased
Nerve conduction 
velocity

Normal or near normal Normal or near normal

EMG at rest Fibrillation potentials/posi-
tive sharp waves

Fibrillation potentials/positive sharp 
waves

MUP voluntary 
muscle activation

Short duration/low am-
plitude

Long duration, high amplitude, 
polyphasic

stimulation
Absence of  decremental 
response

Absence of  decremental response

Direct muscle stim-
ulation
Muscle biopsy Different abnormalities: 

-
eration, local or diffuse lack 

Denervation atrophy of  type 1 and 2 

Nerve biopsy Normal

CMAP: compound muscle action potential; SNAP: sensory nerve action potential; 
EMG: electromyography; MUP: muscle action potential. .

Several risk factors can contribute to CIM onset. Among these, the severity 

mechanical ventilation play an important role40,43-45. In addition to these, hy-
perglycemia, parenteral nutrition, drugs such as corticosteroids, neuromuscular 
blocking agents, antibiotics (e.g., aminoglycosides and vancomycin), sedatives , 
as well as prolonged immobilization all represent important risk factors47-49

Assessment of  weakness in patients with CIM includes mainly clinical and 
electrophysiological evaluations. The most widely used clinical approach is the 

35. Other less frequently 
used tools are the hand-held dynamometry, the Scored Physical Function in 
Intensive Care Test, the Functional Status Score for the ICU, and the Chelsea 
Critical Care Physical Assessment Tool50,51

51. 
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Electrophysiological studies may be valuable tools in unconscious / non-coop-
-

tion studies (NCS), and direct muscle stimulation (DMS) can help to differenti-
ate CIM from CIP and other differential diagnoses41,52. 

Different case reports14,53 and small retrospective studies present severe 

patients requiring invasive mechanical ventilation54. Among 11 patients with 
55. In particu-

EMG such as abundant spontaneous activity and short motor unit potentials 
with decreased amplitude and duration. Weak patients presented prolonged 

-
teroids, sedatives, and analgesics54 -

when attempts were made to reduce sedation

EMG and electroneurography (ENG) revealed myopathic abnormalities with 

potential (CMAP) amplitude. CK levels were normal or mildly elevated in all 
patients. One of  the patients died due to sepsis, while the others showed im-

Testing

.

Neuroimaging studies

-
57. 

Myositis can present with rhabdomyolysis following damage of  the muscle 
(myonecrosis) and elevated levels of  myoglobin in the blood (myoglobinemia). 

-
ure, compartment syndrome, and disseminated intravascular coagulation58.

diagnosis and delineating the site for muscle biopsy, preferably with 1.5-T or 
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muscle edema. Increased signal intensity on T2-weighted or short tau inversion 
59. Two different radiolog-

enhancement (type 1) and heterogeneous hyperintense signal and rim enhance-
ment (type 2) . Severe disease forms may display areas of  necrosis and loss of  

sign of  myonecrosis, presenting with dot-like, streaky, or curvilinear enhanc-

blooming artifacts on gradient-echo sequences . 
In addition to myositis, CIM represents the most important differential diagnosis 

Imaging is also helpful to monitor diaphragm function. Patients with severe 

ventilators, or phrenic nerve injury, possibly from chest support devices. In addi-
. 

-

offers additional information on muscle atrophy, muscle thickening ratio, and 
. High-resolution ultrasound contributes to the assessment of  the 

phrenic nerve in the neck region, helping in the differential diagnosis between 
neuropathic versus myopathic processes.

-
-

-

this case, encompass muscle atrophy associated with decreased muscle size and 
59.

Electrodiagnostic studies

patients with muscle weakness. Most case reports / series included patients with 
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patients with ICUAW. Seven out of  12 patients showed some degrees of  EMG 
abnormalities, including abundant spontaneous activity, motor unit potential with 

all cases55

showed increased spontaneous activity on EMG

duration and low amplitude as well as early recruitment, more evident in the 
quadriceps. On DMS, the post-DMS CMAP was absent in the quadriceps and 
of  reduced amplitude in the tibialis anterior. The ratio of  the amplitudes of  the 
CMAP achieved by motor nerve stimulation and DMS is useful to differentiate 
between neuropathic and myopathic processes, with values near 1 suggesting a 
myopathic disorder . In this case, the ratio of  the CMAP amplitudes achieved by 

14. A case series of  3 patients with 
-

sistent with myopathies, including MUAP with early recruitment, short duration, 
.

Figure 14.2: Muscle biopsy of  a 16-year-old female patient with a suspected 

 

A B
-

sin stain, light microscopy). C D

light microscopy).
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-

infections may present a more abundant spontaneous activity if  compared with 
patients in the ICU for other etiologies55.

Histopathological studies 

associated myopathies (Figure 14.2). 

Manzano et al. performed a muscle biopsy of  the left deltoid in a patient 
-

-

the sample11 -
-

omyositis preceding muscular atrophy. However, its abnormal deposition may 
. In addition, 

CoV-2-associated myopathy caused by type I interferonopathy.
-

thology on histopathological assessment. In a post-mortem evaluation of  a 
-
-
. 

Electron microscopy showed no clear signs of  direct viral-induced muscle dam-
age. In this case, muscle involvement was more likely due to endothelial injury 
and vascular damage rather than direct viral infection. 

25. 
-

enlargement of  visible nuclei), and upregulation of  human leukocyte antigen 

dehydrogenase enzyme histochemistry was unrevealing. 



218 Neurology of  COVID-19

a diagnosis of  CIM55. In particular, 2 patients presented only occasional atroph-
-

well as C5b9 staining were unremarkable. No signs of  microvascular damage 
were detected.

Overall, muscle biopsies coupled with electrodiagnostic studies and imaging 

with suspected myopathies.

Treatment

-
tion should be treated with corticosteroids (e.g., intravenous methylpredniso-
lone 1 g/die for 3-5 days followed by oral prednisone 1 mg/kg/die for 4 weeks 
with slow tapering)11,25,70. Although there is no high-quality evidence available, 
another report suggests the use of  tocilizumab25.

-
apies remain the mainstay of  treatment. Avoiding hyperglycemia, certain drugs 
(vasoactive medications, corticosteroids, neuromuscular blocking agents, sed-
atives aminoglycosides, vancomycin), and limiting parenteral nutrition, as well 
as prolonged bed immobilization and mechanical ventilation reduce the risk 
of  ICU-acquired CIM71. Intensive insulin therapy and early rehabilitation seem 
the most useful approaches for preventing CIM. There is no high-quality ev-
idence supporting the use of  corticosteroids or electric muscle stimulation in 
this setting72.

Patients presenting with rhabdomyolysis are at increased risk for heme-in-
duced acute kidney injury73-75

major preventative measure. Patients presenting CK levels > 5,000 U/L or in-
. 

preferred over alternatives, such as colloids. There are some limited data to sup-
port the use of  urine alkalinization with bicarbonate, loop diuretics, mannitol, 
and routine renal replacement therapy in severe rhabdomyolysis . 
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Take-home message

 –
myalgia,  myositis, rhabdomyolysis, as well as critical-illness myopathies14.

 – -
matory-like phenotype with some features of  type I interferonopathies, 

interferon signaling.
 – -

weakness.
 –

myopathy-related changes.
 –

-
ositis, whereas critical illness myopathies require ICU-related risk factors 
to be controlled and the provision of  support therapy.
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