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A B S T R A C T   

Background and aims: We highlight the peripheral neurologic complications of coronavirus disease 2019 (COVID- 
19) associated with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), an ongoing global health 
emergency. 
Methods: We evaluated twenty-five patients admitted to the COVID-19 Recovery Unit (CRU) at New York- 
Presbyterian Weill Cornell University Medical Center after intensive care hospitalization with confirmed se-
vere acute respiratory syndrome coronavirus-2 (SARS-CoV-2), whom neurology was consulted for weakness and/ 
or paresthesias. All patients were clinically evaluated by a neuromuscular neurologist who performed electro-
diagnostic (EDX) studies when indicated. Magnetic resonance imaging (MRI) of the affected regions, along with 
nerve and muscle biopsies were obtained in select patients to better elucidate the underlying diagnosis. 
Results: We found fourteen out of twenty-five patients with prolonged hospitalization for COVID-19 infection to 
have peripheral neurological complications, identified as plexopathies, peripheral neuropathies and entrapment 
neuropathies. The other eleven patients were not found to have peripheral neurologic causes for their symptoms. 
Patients with peripheral neurological complications often exhibited more than one type of concurrently. Spe-
cifically, there were four cases of plexopathies, nine cases of entrapment neuropathies, and six cases of peripheral 
neuropathies, which included cranial neuropathy, sciatic neuropathy, and multiple mononeuropathies. 
Conclusions: We explore the possibility that the idiopathic peripheral neurologic complications could be mani-
festations of the COVID-19 disease spectrum, possibly resulting from micro-thrombotic induced nerve ischemia.   

1. Introduction 

Many neurological complications of the coronavirus disease 2019 
(COVID-19) pandemic, such as encephalitis, ischemic stroke, and acute 
inflammatory demyelinating polyneuropathy (AIDP) have been docu-
mented in the literature [1,2]. However, the full spectrum of peripheral 
neurological complications of COVID-19 and risk factors have not been 
well described. Here we present a single center experience as a case 
series of peripheral neurological complications observed in patients 
hospitalized with COVID-19. 

2. Materials and methods 

From March to June of two thousand twenty-one, the neurology 
service evaluated twenty-five patients admitted to the COVID-19 Re-
covery Unit (CRU) at New York-Presbyterian Weill Cornell University 
Medical Center after intensive care hospitalization with confirmed se-
vere acute respiratory syndrome coronavirus-2 (SARS-CoV-2), whom 
neurology was consulted for weakness and/or paresthesias. All patients 
were clinically evaluated by a neuromuscular neurologist who per-
formed electrodiagnostic (EDX) studies when indicated. Magnetic 
resonance imaging (MRI) of the affected regions, along with nerve and 
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muscle biopsies were obtained in select patients to better elucidate the 
underlying diagnosis. 

3. Results 

Table 1 describes key demographic patient data, comorbidities, 
inpatient complications, and relevant peak lab values organized by type 
of peripheral neurological complication. Table 2 summarizes results 
EDX studies, MRIs, and muscle and nerve biopsies by peripheral 
neurologic complication diagnosis. There were ultimately fourteen pa-
tients that were found to have peripheral neurological complications 
from the original twenty-five patients we were asked to evaluate (the 
remaining eleven were not found to have peripheral causes for their 
symptoms). 

Of the four patients with sciatic neuropathies, one with bilateral 
sciatic neuropathies was explained by rhabdomyolysis induced bilateral 

Table 1 
Demographics, characteristics, and peripheral neurological complication  

Total patients (14) Peripheral neurological complication 

Plexopathy 
(n = 4) 

Peripheral 
neuropathy 

(n = 6) 

Entrapment 
neuropathy 
(n = 10) 

Median age, range 
(years) 

57, 
33–82 

54, 43–66 51, 33–71 56, 33–82 

Male no. (%) 14 
(100) 

4 (100) 6 (100) 9 (100) 

White no. (%) 6 (43) 1 (25) 4 (67) 3 (33) 
Hispanic/Latino no. (%) 6 (43) 3 (75) 2 (33) 4 (44) 
Asian no. (%) 2 (14) 0 (0) 0 (0) 2 (22) 
COVID-19 status no. (%) 13 

(93) 
4 (100) 5 (83) 9 (100) 

Diabetes mellitus no. 
(%) 

6 (43) 1 (25) 1 (17) 6 (67) 

Obesity no. (%) 4 (29) 1 (25) 1 (17) 4 (44) 
Intubation for COVID-19 

no. (%) 
14 

(100) 
4 (100) 6 (100) 9 (100) 

Paralysis during 
hospitalization no. 
(%) 

6 (43) 2 (50) 4 (67) 3 (33) 

Pronation for ARDS no. 
(%) 

4 (29) 2 (50) 2 (33) 3 (33) 

Hydroxychloroquine no. 
(%) 

13 
(93) 

4 (100) 6 (100) 8 (89) 

Corticosteroids use no. 
(%) 

6 (43) 1 (25) 4 (67) 3 (33) 

Remedesivir no. (%) 4 (29) 0 (0) 3 (50) 2 (22) 
Rhabdomyolysis no. (%) 1 (7) 1 (25) 1 (17) 1 (11) 
Cutaneous rash no. (%) 2 (14) 1 (25) 1 (17) 1 (11) 
VTE no. (%) 5 (36) 2 (50) 2 (33) 3 (33) 
RRT no. (%) 5 (36) 2 (50) 2 (33) 3 (33) 
Vasopressor support no. 

(%) 
11 

(79) 
4 (100) 5 (83) 7 (78) 

Bacteremia no. (%) 7 (50) 3 (75) 3 (50) 5 (56) 
COVID-19 diagnosis to 

neurological 
symptoms onset 
(days) 

35 37 33 35 

Length of 
hospitalization (days) 

52 53 53 48 

Length of rehabilitation 
(days) 

22 28 24 23  

Average peak values     
CPK (U/L) 1958 2517 2461 2710 
D-dimer (ng/mL) 4916 4820 6427 3255 
CRP (mg/dL) 128 93 126 119 
ESR (mm/h) 106 101 113 100 
Ferritin (ng/mL) 2358 1875 2794 2467 

Abbreviations: n = total cases of neuropathy in each category. ARDS: acute 
respiratory distress syndrome. VTE: venous thromboembolism. RRT: renal 
replacement therapy. CPK: creatine phosphokinase. CRP: C-reactive protein. 
ESR: erythrocyte sedimentation rate. 

Table 2 
Clinical summary  

Patient 
no. 

Peripheral 
neurologic 

complication 

Electrodiagnostic studies Muscle & nerve 
biopsies 

Magnetic resonance 
imaging 

1 
Brachial 

plexopathy 

L. brachial plexopathy 
with sparing of axillary n. 
and suprascapular n. fibers 

Not done 
L. brachial plexus 

showed asymmetric 
T2-hyperintensity of 

plexus trunks, 
divisions, and cords 

2 Brachial 
plexopathy 

L. brachial plexopathy 
with sparing of axillary n. 

fibers 

Not done 
Diffuse L. brachial 

plexitis with serratus 
anterior muscle T2- 
hyperintense signal 
and enhancement 
reflecting acute 

denervation edema 

3 
Brachial 

plexopathy Normal 

Not done 
L. brachial plexus 

showed increased T2 
signal of the left C5, 

C6 and C7 nerve roots 
extending to the upper 

and middle trunks 

4 

Peripheral 
neuropathy 

Bilateral sciatic 
neuropathies 

L. PB. m biopsy: severe 
myofiber atrophy, rare 

myonecrosis 

Brachial 
plexopathy 

Bilateral upper trunk 
brachial plexopathies 

L. sural n. biopsy: 
severe, active axonal 

loss 

Entrapment 
neuropathy 

Triceps-sparing L. radial 
neuropathy 

Bilateral brachial plexi 
showed increased T2 
signal in the C5/C6 

roots 

5 
Peripheral 
neuropathy 

Multiple 
mononeuropathies: R. 

radial n., 
musculocutaneous n., 

median n. 

Not done 

Normal MRI of the R. 
brachial plexus 

6 

Peripheral 
neuropathy 

Bilateral sciatic 
neuropathies 

R. PB m. biopsy: 
moderate m. atrophy 

Entrapment 
neuropathy 

Bilateral cubital tunnel 
syndromes;  

R. PIN entrapment 

R. medial antebrachial 
cutaneous n. biopsy: 
myelinated axon loss 

with numerous 
phagocytosing 

macrophages within 
the endoneurium 
MRI R. forearm 

showed T2- 
hyperintense posterior 
interosseous nerve in 
the Arcade of Frohse 

7 
Peripheral 
neuropathy L. sciatic neuropathy 

Not done 
MRI L. lumbosacral 

plexus without 
contrast showed an 

enlarged, edematous 
L. sciatic nerve behind 

the L. greater 
trochanter, distal to 

the sciatic notch 

8 
Peripheral 
neuropathy 

Bilateral sciatic 
neuropathies 

R. SPN biopsy: severe 
axonal neuropathy 

without vasculitis or 
thrombosis 

R. PB m. biopsy: 
extensive m. atrophy 

MRI not done (normal 
CT pelvis without 

contrast) 

9 
Peripheral 
neuropathy 

Complete R. facial 
axonotmesis 

Not done 
MRI brain shows long 
segment enhancement 

(continued on next page) 
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gluteal compartment syndromes, with a peak creatine phosphokinase 
levels of greater than 80,000 (U/L), and edema with enhancement of the 
bilateral quadratus femoris muscles on pelvic MRI. Peroneus brevis 
muscle biopsy demonstrated severe myofiber atrophy, multifocal 
myofibrillar derangement and rare myonecrosis. There have been 
several cases of rhabdomyolysis complicating COVID-19 infection, 
including one as a presenting symptom [3], and the other as a later 
complication [4]. Neither of these cases had muscle biopsy performed. 
Of the four patients with brachial plexopathy, one had been managed 
with respiratory proning therapy while intubated and sedated who 
rapidly recovered indicating a compressive neurapraxic plexopathy 
caused by shoulder hyperabduction during proning, a well described 
complication of proning therapy in critically ill patients, before and after 
the advent of COVID-9 [5,6]. None of the remaining three patients with 
brachial plexopathies, one of whom underwent proning, nor the 
remaining three patients with bilateral sciatic neuropathies and the 
patient with upper extremity mononeuritis multiplex experienced any 
recovery during their hospitalization. MRI findings of these idiopathic 
brachial plexopathies and sciatic neuropathies are shown in Fig. 1. 

4. Discussion 

Of the ten patients with entrapment neuropathies, one was found to 
have posterior interosseous nerve entrapment (PIN) at the arcade of 
Frohse in the supinator channel, which has not been described as a 
complication of prolonged immobilization due to sedation [7]. The pa-
tient underwent right posterior interosseous neurolysis with biopsy of 
the right medial antebrachial cutaneous nerve, due to clinical numbness 
in this nerve’s territory with an absent right medial antebrachial cuta-
neous sensory response. The involvement of this nerve along with the 
posterior interosseous does suggest possible neuralgic amyotrophy or 
Parsonage Turner syndrome which has been described as a cause of 
posterior interosseous neuropathy [8]. There have been several cases of 

Table 2 (continued ) 

Patient 
no. 

Peripheral 
neurologic 

complication 

Electrodiagnostic studies Muscle & nerve 
biopsies 

Magnetic resonance 
imaging 

of the R. facial nerve 
from the fundus of the 

intra-canalicular 
segment through the 

mastoid 

10 
Entrapment 
neuropathy 

Not done; clinical 
diagnosis of bilateral 

common peroneal 
entrapment neuropathies 

at the fibular heads 

Not done 

Not done 

11 
Entrapment 
neuropathy 

Bilateral common peroneal 
(axonotmetic) 

neuropathies at the fibular 
head 

Not done 

Not done 

12 
Entrapment 
neuropathies 

L. common peroneal 
neuropathy at fibular head; 
R. median neuropathy at 

the wrist 

Not done 

Not done 

13 
Entrapment 
neuropathy 

R. ulnar neuropathy at 
cubital tunnel 

Not done 
Not done 

14 Entrapment 
neuropathies 

R. ulnar neuropathy at 
Guyon’s canal; L. common 
peroneal neuropathy at the 

fibular head 

Not done 
MRI R. wrist showed 

R. ulnar nerve 
enlargement and 

increased signal in 
Guyon’s canal 

Abbreviations: L = left, R = right, PB = peroneus brevis muscle, m. biopsy =
muscle biopsy, SPN = superficial peroneal nerve, n. biopsy = nerve biopsy, PIN 
= posterior interosseous nerve. 

Fig. 1. Nerve biopsy, MRI findings, and intraoperative photos. 
Nerve biopsy, MRI findings, and intraoperative photos: (A) Epoxy resin section of the nerve, magnification x400. Axonal loss associated with numerous mac-
rophages engulfing degenerating nerve fibers. (B) Electron microscopy, original magnification x5000. A macrophage appears to be stripping myelin sheath. (C) MRI 
FLAIR: normal intensity of the posterior interosseous branch of the radial nerve prior to the supinator tunnel, left, and increased intensity within the supinator tunnel, 
right. (D) MRI neurogram demonstrates enlargement and increased T2 hyperintensity of right sciatic nerve (white arrow). (E, F) MRI neurogram demonstrates 
increased T2 hyperintensity seen in the roots of the brachial plexus bilaterally (white arrows) in the same patient. (G) Intraoperative photos pre- (left) and post- 
surgical decompression (right) of the posterior interosseous branch of the radial nerve at the Arcade of Frohse. 
Abbreviations: FLAIR - fluid-attenuated inversion recovery 
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Parsonage Turner syndrome, including one that was pure sensory, 
associated with COVID-19 infection [9]. The medial antebrachial cuta-
neous biopsy was done to clarify the underlying neuropathology and 
etiology of this unusual neuropathy in this critically ill patient with 
COVID-19 infection. It revealed significant axonal loss and numerous 
phagocytosing macrophages present within the endoneurium. Electron 
microscopy showed remaining myelinated fibers were entirely or 
partially engulfed by macrophages, with some macrophages appearing 
to penetrate loosened myelin loops, occasionally exhibiting features of 
vesicular degeneration. Naked axons were also present in the widened 
and edematous endoneurium. Fig. 1 shows these nerve biopsy findings 
and intraoperative photographs of pre- and post-release of the posterior 
interosseous branch of the radial nerve at the Arcade of Frohse. We felt 
these biopsy findings were suggestive of microvascular thrombotic 
ischemia, however the findings were not robust. 

We observed ten patients to have typical peripheral neurological 
complications of prolonged hospitalization [10], including entrapment 
neuropathies of the median, ulnar, radial and peroneal nerves. None of 
our patients had critical illness polyneuropathy or critical illness 
myopathy. Of note, five patients had systemic thrombotic complica-
tions, including deep venous thrombosis and pulmonary embolism. Two 
patients were diagnosed with COVID-19 cutaneous rashes, which have 
been suggested to be complement-mediated and caused by microscopic 
angiopathy from an underlying systemic process [11]. There was no 
clear correlation between the systemic thrombotic complications and a 
specific peripheral neurologic complication. No patient had premorbid 
plexopathy, peripheral neuropathy, or entrapment neuropathy to 
confound our observations. 

Certain peripheral neurologic complications secondary to prolonged 
hospitalizations and ICU care are expected in patients with COVID-19, 
namely median, ulnar and peroneal entrapment neuropathies, critical 
illness polyneuropathy and critical illness myopathy [11]. The under-
lying cause may be lack of frequent position changes while hospitalized, 
such as prolonged extension of the knee for peroneal nerve injury and 
prolonged flexion of the elbow for cubital tunnel syndrome. These 
entrapment neuropathies are preventable and may be under-recognized. 
Preventative measures such as avoiding shoulder hyperabduction in 
prone patients, wedge pillows to maintain some knee flexion, extension 
bracing and padding at the elbows to prevent ulnar neurapraxias, with 
frequent physical therapy using passive range of motion, are crucial 
adjunctive therapies in COVID-19 patients to reduce the risk of devel-
oping peripheral neurological complications from prolonged 
hospitalization. 

We also found patients with peripheral neurological complications 
that are not typical of prolonged hospitalization, specifically three cases 
of bilateral sciatic neuropathies, three patients with brachial plexo-
pathies, and one ipsilateral median, musculocutaneous and radial 
mononeuritis multiplex patient. One possible mechanism for these 
findings may be the result of uncontrolled systemic inflammation trig-
gering microthrombotic angiopathy involving the vasa nervorum. In 
support of this, we found complete clinical and electromyographic 
sparing of axillary and infraspinatus fascicles in two cases of otherwise 
severe brachial panplexopathies that showed complete clinical and 
electromyographic denervation of the musculocutaneous and radial 
fascicles in the upper trunks that anatomically carry these fascicles all 
together, suggesting a patchy microvascular injury to the epineural vasa 
nervorum supplying individual nerve fascicles of the upper brachial 
plexus trunks in these two patients. Coronaviruses such as severe acute 
respiratory syndrome (SARS) and Middle East Respiratory Syndrome 
(MERS) have previously been postulated to cause muscle and nerve 
injury through multiple mechanisms, including direct neuronal inva-
sion, systemic inflammation and prolonged illness [12,13]. However, we 
did not find supporting pathological evidence for this on nerve biopsies, 
albeit from superficial peroneal nerves far distal from the injured sciatic 
nerves. 

Direct neuronal invasion, complement-mediated inflammation, and 

endothelial dysfunction have been proposed as the underlying mecha-
nisms for COVID-19 neurological injury [1,2,13,14]. Viral entry into the 
central nervous system (CNS) via angiotensin-converting enzyme-2 
(ACE2) receptors has been suggested to cause CNS pathologies such as 
ischemic strokes and encephalitis [14]. It is possible that SARS-CoV-2 
may disrupt endothelial cell function in a similar ACE2 receptor- 
mediated mechanism involving the blood-nerve barrier, which could 
trigger the release of thrombogenic ultra-large von Willebrand factor 
(ULVWF) multimers and cause micro-thrombotic injury in the periph-
eral nerves. Under normal conditions, ULVWF multimers are cleaved by 
the protease ADAMTS-13 (a disintegrin and metalloproteinase with a 
thrombospondin type 1 motif, member 13) to prevent microthrombi 
formation [15]. COVID-19 patients have also been found to have 
moderately reduced serum level of ADAMTS-13, and subsequent 
excessive microthrombi in vasa nervorum could cause nerve ischemia 
and fascicular infarction in the setting of a refractory hypercoagulable 
state, not fully mitigated by current anti- inflammatory, anticoagulation, 
and antithrombotic therapies [15,16]. Alternative potential therapies 
could include monoclonal antibodies which inhibit complement acti-
vation, and plasmapheresis, which has been shown to reduce von Wil-
lebrand Factor concentration in plasma [16], potentially reducing the 
burden of micro-thrombotic injury in COVID-19. 

Limitations of our observations include our small sample size and all 
male patient population. Furthermore, nerve biopsies could not be 
performed on the sciatic nerve or brachial plexus. Given the recent na-
ture of the pandemic, we are likely only seeing glimpses of the long-term 
complications from COVID-19. Larger observational and longitudinal 
studies following the course and recovery of COVID-19 patients are 
crucial for better understanding of the underlying disease mechanisms. 

5. Conclusions 

We present the main clinical and laboratory findings of patients with 
COVID-19 in our single institution who were found to have peripheral 
neurological complications. We further explore the possibility that these 
could be manifestations of the COVID-19 disease spectrum, hypothe-
sizing that they could be related to micro-thrombotic induced nerve 
ischemia. 
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Appendix A. Abbreviations  

COVID-19 coronavirus disease 2019 
AIDP acute inflammatory demyelinating polyneuropathy 
CRU COVID-19 Recovery Unit 
SARS-CoV-2 severe acute respiratory syndrome coronavirus-2 
EDX electrodiagnostic 
CIM critical illness myopathies 
CIPN critical illness polyneuropathy 
MRI magnetic resonance imaging 
SARS severe acute respiratory syndrome 
MERS Middle East respiratory syndrome 
CNS central nervous system 
ACE2 angiotensin-converting enzyme-2 
ULVWF ultra-large von Willebrand factor 
ADAMST13 a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13 
CT computerized tomography 
L left 
R right 
m. biopsy muscle biopsy 
n. biopsy nerve biopsy  
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