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Agenda
o Define how electrodiagnostic and advanced imaging 

have helped us to both localize, diagnose and 
establish the underlying causes of these COVID-19 
complications

o Understand what are the major neuromuscular 
complications associated with severe COVID-19

o Recognize clinical signs of these COVID-19 
complications in the setting of inpatient 
rehabilitation



COVID-19

oHow pandemic looks as of 5/16/2021:
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Clinical Case #1 – Right Hemiplegia?

oRight handed 62 year old male with past medical history of 
hypertension, coronary artery disease, and HIV presents to 
inpatient rehabilitation with right worse than left sided 
weakness after prolonged hospitalization for severe COVID-19 
pneumonia.

oAdmitted to acute care on 6/4/2021

oAdmitted to inpatient rehab on 8/21/2021



Clinical Case #1 – Right Hemiplegia?



Neuro-Imaging

oMRI imaging of the brain and cervical spine was notable for:

• multiple enhancing lesions within the basal ganglia 

• hyperintensities at C3-C4 and C4-C5

oMRI of right brachial plexus 

• “no nerve edema, thickening, mass lesion, or abnormal enhancement 
along the imaged brachial plexus”
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• multiple enhancing lesions within the basal ganglia 

• hyperintensities at C3-C4 and C4-C5

oMRI of right brachial plexus 

• “no nerve edema, thickening, mass lesion, or abnormal enhancement 
along the imaged brachial plexus”

Clinical conclusion: Patient’s impairments stem from critical illness neuro-myopathy.



Clinical Case #1 – Right Hemiplegia?

Critical Illness Myopathy pattern

But not a Critical Illness 
Neuropathy pattern



Electrodiagnostic Exam Findings:



Electrodiagnostic Exam Findings:

Impression:

o There is a severe axonal, but incomplete right radial mononeuropathy at/near the elbow 
level.

o There is a moderate axonal, but incomplete right ulnar at/near the elbow level.

o There is a moderate-severe axonal, but incomplete left ulnar at/near the elbow level.

o There is a mild-moderate demyelinating right median mononeuropathy at the wrist.

o There is a mild-moderate demyelinating left median mononeuropathy at the wrist.

o There is a severe axonal, essentially complete right sciatic mononeuropathy at the level of 
the distal thigh/knee (only one volitional motor unit was found between extensive 
sampling of the lateral gastroc, fibularis longus and tibialis anterior muscles).

o Finally, there is evidence of a superimposed irritative myopathy affecting proximal 
muscles of the upper and lower extremities.
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Impression:

o There is a severe axonal, but incomplete right radial mononeuropathy at/near the elbow 
level.

o There is a moderate axonal, but incomplete right ulnar at/near the elbow level.

o There is a moderate-severe axonal, but incomplete left ulnar at/near the elbow level.

o There is a mild-moderate demyelinating right median mononeuropathy at the wrist.

o There is a mild-moderate demyelinating left median mononeuropathy at the wrist.

o There is a severe axonal, essentially complete right sciatic mononeuropathy at the level of 
the distal thigh/knee (only one volitional motor unit was found between extensive 
sampling of the lateral gastroc, fibularis longus and tibialis anterior muscles).

o Finally, there is evidence of a superimposed irritative myopathy affecting proximal 
muscles of the upper and lower extremities.

o Clinical correlation: Clinical suspicion for right lateral femoral cutaneous mononeuropathy.



CT Lower Extremity Right without Contrast 



CT Lower Extremity Right without Contrast 

IMPRESSION: “LARGE NEARLY 20 CM INTRAMUSCULAR HEMATOMA 
THROUGHOUT THE POSTERIOR COMPARTMENT OF THE RIGHT THIGH.”



Take Home Point –

Be wary of atypical neurological 
deficits in post-COVID patients



SARS-CoV-2 infection and immune response

Petter Brodin, Karolinska Institutet, 
Solna, Sweden



Who’s most at risk?

Petter Brodin, Karolinska Institutet, 
Solna, Sweden



Multi-system 
Disease

Fajgenbaum and June, N Engl J Med 2020; 383:2255-2273; DOI: 10.1056/NEJMra2026131

Key points:

--Multi-system involvement 
generally attributed to 
“Cytokine Storm”
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Multi-system 
Disease

Fajgenbaum and June, N Engl J Med 2020; 383:2255-2273; DOI: 10.1056/NEJMra2026131

Key points:

--Multi-system involvement 
generally attributed to 
“Cytokine Storm”

--No neuromuscular 
complications noted



Timeline of COVID Neuromuscular Phenotypes



Vast Majority of Neuromuscular Issues From 
COVID-19 Are Associated with Severe Illness



Rehabilitation Timeline after Severe COVID

Berlin et al., N Engl J Med 2020; 383:2451-2460; DOI: 10.1056/NEJMcp2009575

Inpatient Rehabilitation



What is “Proning”?

Claire E Fernandez…Swati Deshmukh, Radiology. 2020 Dec 1;203116. doi: 10.1148/radiol.2020203116. 



Proning Increases Surivival in ARDS

Berlin et al., N Engl J Med 2020; 383:2451-2460; DOI: 10.1056/NEJMcp2009575



What is “Proning”?

Claire E Fernandez…Swati Deshmukh, Radiology. 2020 Dec 1;203116. doi: 10.1148/radiol.2020203116. 

Key points:

--Laying patient on stomach in 
intensive care unit

--Established to improve 
oxygenation in patients with 
Acute Respiratory Distress 
Syndrome (ARDS)

--Proven to reduce mortality 
in ARDS 



What is “Proning”?

Claire E Fernandez…Swati Deshmukh, Radiology. 2020 Dec 1;203116. doi: 10.1148/radiol.2020203116. 

Key points:

--Laying patient on stomach in 
intensive care unit

--Established to improve 
oxygenation in patients with 
Acute Respiratory Distress 
Syndrome (ARDS)

--Proven to reduce mortality 
in ARDS 

--Had been associated with 
certain complications such as 
pressure wounds to 
face/nose, but not 
previously known to 
associated with higher 
rates of neuromuscular 
complications



Starting back in May 2020 I started to hear about 
“assymetrical critical illness neuropathies” in 
COVID survivors who had been proned
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“Injury Prone” – COVID Nerve Injuries

Artwork by Dom D’Andrea



“Injury Prone” – COVID Nerve Injuries
Injury Heat Map

Artwork by Dom D’Andrea

Key take aways:
12 cases found in 83 patients admitted 
to SRAlab rehabilitation hospital 
between April 24 -> June 30, 2020
--from 19 different facilities

11 of 12 cases (92%) were proned for 
ARDS
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Key take aways:
12 cases found in 83 patients admitted 
to SRAlab rehabilitation hospital 
between April 24 -> June 30, 2020
--from 19 different facilities

11 of 12 cases (92%) were proned for 
ARDS

94.7% of injuries were classified as 
axonotmesis (Seddon)

Advanced imaging was very helpful 
ancillary test to improve localization 
and inform us about mechanism



“Injury Prone” – COVID Nerve Injuries
Injury Heat Map

Ulnar Mononeuropathy of Elbow

Artwork by Dom D’Andrea

“Swimmer’s Elbow”



N=22 patients, M=37 PNIs

Malik et al. Unpublished data



Prone Positioning Guide for ICU

OptimalSuboptimal



Wearable Pressure Sensors in COVID ICU



What other neuromuscular complications should 
you be aware of?
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What other neuromuscular complications should 
you be aware of?

Average of >33 
days of mechanical 

ventilation!!!
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Okay, so what about diaphragm muscle function?
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Pulmonary Function Testing

The gold standard of respiratory status

Limited during pandemic as it is an 
aerosol generating procedure

Alternatives?



Okay, so what about diaphragm muscle function?

Pulmonary Function Testing

The gold standard of respiratory status

Limited during pandemic as it is an 
aerosol generating procedure

Alternatives?

Adapted from Sarwal et al. 2013, Muscle Nerve 47: 319-329



Neuromuscular ultrasound of diaphragm

Rib8

Diaphragm

Rib9

Ellen Farr, Alexis Wolfe et al. 
Under review/Medrxiv Preprint:
doi: https://doi.org/10.1101/2020.12.10.20244509
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Neuromuscular ultrasound of diaphragm

Lung Diaphragm

Ellen Farr, Alexis Wolfe et al. 
Under review/Medrxiv Preprint:
doi: https://doi.org/10.1101/2020.12.10.20244509



COVID Diaphragm Dysfunction

Average of >43 days 
of mechanical 
ventilation!!!

Ellen Farr, Alexis Wolfe et al. 
Under review/Medrxiv Preprint:
doi: https://doi.org/10.1101/2020.12.10.2
0244509



Impaired Diaphragm Contractility after COVID

Ellen Farr, Alexis Wolfe et al. 
Under review/Medrxiv Preprint:
doi: https://doi.org/10.1101/2020.12.10.2
0244509



More Clinical Cases…



Case 2: Mr. R is a 66 yo M

oPMHx of PE Arrest, Pre-Diabetes

oCOVID-19 complicated by spontaneous pneumothorax 
requiring R chest tube

oComplicated hospital course: trach, gastric tube, 
necrotizing pneumonia, pulmonary embolism, prone 
positioning x3

o48 ICU days on mechanical ventilation 

oScan performed 219 days after ICU discharge



CXR 5/8/20 CXR 5/11/20



5/18/2021



Diaphragm Ultrasound –
1/11/21



Case 2 - Diagnosis

oRight phrenic mononeuropathy secondary to emergent chest 
tube placement (iatrogenic)



Case 3: Mr. C (50 yo male)

oPMHx of Diabetes

oCOVID-19 needing R chest tube

o40 ICU days on mechanical ventilation + LTACH

oScan performed 65 days after ICU discharge (indication 
persistent shortness of breath)



Recovery of Diaphragm Function over Time

Lower Limit of Normal Line



Case 3 – Take Home

oDiaphragm muscle weakness can improve, but it’s a gradual 
process 



Agenda
o Define how electrodiagnostic and advanced imaging 

have helped us to both localize, diagnose and 
establish the underlying causes of these COVID-19 
complications
• Electrodiagnostic testing ideal for single 

lesions

• Multifocal involvement is common after 
COVID, which makes advanced imaging 
extremely helpful

o Understand what are the major neuromuscular 
complications associated with severe COVID-19
• Peripheral nerve injuries

• Myopathy and diaphragm dysfunction

o Recognize clinical signs of these COVID-19 
complications in the setting of inpatient rehabilitation

• Asymmetric weakness

• Persistent shortness of breath



Thanks/Questions


