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SUMMARY
COVID-19 affects a wide spectrum of organ systems. We 
report a 52- year- old man with hypertension and newly 
diagnosed diabetes mellitus who presented with hypoxic 
respiratory failure due to COVID-19 and developed 
severe brachial plexopathy. He was not treated with 
prone positioning respiratory therapy. Associated with 
the flaccid, painfully numb left upper extremity was a 
livedoid, purpuric rash on his left hand and forearm 
consistent with COVID-19- induced microangiopathy. 
Neuroimaging and electrophysiological data were 
consistent with near diffuse left brachial plexitis with 
selective sparing of axillary, suprascapular and pectoral 
fascicles. Given his microangiopathic rash, elevated D- 
dimers and paucifascicular plexopathy, we postulate a 
patchy microvascular thrombotic plexopathy. Providers 
should be aware of this significant and potentially under- 
recognised neurologic complication of COVID-19.

BACKGROUND
The current COVID-19 pandemic has resulted in 
approximately 57.8 million cases and 1.3 million 
deaths.1 Although COVID-19 was originally seen 
as a predominantly respiratory illness, our under-
standing of its impact on multiple organ systems 
has evolved. It is often accompanied by a variety 
of neurologic symptoms such as headache, anosmia, 
confusion and altered mental status.2 Ischaemic 
vascular events have been frequently observed.3 4 
Less commonly, neurologic presentations such as 
Guillain- Barre syndrome, necrotising haemorrhagic 
encephalopathy and focal status epilepticus have 
also been described.5–7 Here, we seek to add to our 
understanding of COVID-19 by presenting a case of 
brachial plexopathy.

CASE PRESENTATION
A 52- year- old man with hypertension and newly 
diagnosed diabetes mellitus presented to our emer-
gency department in March 2020 after 4 days of 
cough, shortness of breath, fatigue and myalgias. He 
had no sick contacts or recent travel. He was febrile 
(38.6°C), tachycardic, tachypneic and hypoxic 
(90% on room air). At the time, neurologic exam-
ination was unremarkable. Chest X- ray demon-
strated extensive bilateral opacities consistent with 
multifocal pneumonia. Diagnosis of COVID-19 
was made by detection of SARS- CoV-2 nucleic acid 
by reverse transcription PCR.

The patient’s oxygen requirements escalated, 
and he was intubated for respiratory failure within 
24 hours of admission. For COVID-19- directed 
therapy, he received 5 days of hydroxychloro-
quine and two doses of a study drug (sarilumab vs 

placebo) on days 8 and 24. His course was compli-
cated by transient renal failure without need for 
dialysis, Enterobacter pneumonia and Pseudomonas 
cystitis (both treated with piperacillin/tazobactam) 
and a hypercoagulable state with elevated D- dimers 
(figure 1). He was treated continuously with high- 
dose prophylactic enoxaparin, 30–40 mg two times 
per day. During intubation, he had multiple, uncom-
plicated central venous and arterial lines. There was 
no left axillary arterial catheterisation, and he never 
received prone positioning respiratory therapy. On 
day 22, he underwent percutaneous tracheostomy.

On day 24, a livedoid, retiform, purpuric rash 
was noted on the left hand and forearm (figure 2). 
Dermatology was consulted. The rash was deemed 
characteristic of COVID-19- induced thrombotic 
microvascular injury based on the department’s 
case series.8 A biopsy was therefore not performed.

Within 4 days, the patient was noted to have 
severe weakness of the left upper extremity and 
neuropathic pain in the left hand and forearm. 
Neurology was consulted. On examination, tone 
was absent in the left hand, wrist and elbow. The 
left biceps reflex was reduced with absence of the 
left brachioradialis and triceps reflexes. Pin and 
thermal sensation were absent over the entire left 
forearm and hand, with presence of tactile allo-
dynia. Strength was reduced as follows: biceps 2/5, 
triceps 0/5, wrist and finger extensors 0/5, wrist and 
finger flexors 3/5, forearm pronation 3/5, forearm 
supination 2/5, superficial and deep finger flexors 
3/5 and intrinsic hand muscles 3/5. The left deltoid, 
infraspinatus and pectoral muscles were strong at 
5/5. There was no scapular winging (table 1).

INVESTIGATIONS
Subsequent chest X- ray showed resolving multi-
focal pneumonia without elevation of the left 
hemidiaphragm.

MRI of the left brachial plexus with and without 
intravenous contrast revealed T2 hyperinten-
sity and thickening of the entire brachial plexus 
without contrast enhancement (figure 3A). There 
was enhancement and T2 hyperintensity of the 
left serratus anterior reflecting acute denervation 
oedema (figure 3B).

Nerve conduction studies (NCSs) and needle 
electromyography (EMG) were performed on day 
49 (online supplemental tables 1A, 2A, 3A). NCS 
revealed markedly reduced left median and ulnar 
compound muscle action potential response ampli-
tudes with slowing of motor conduction velocities 
due to axon loss. The left- sided median, ulnar, 
radial, musculocutaneous and medial antebrachial 
cutaneous responses were all absent. Needle EMG 
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of muscles in the left upper extremity showed fibrillations and 
positive sharp waves in all muscles except the deltoid, where 
examination was normal. Recruitment was absent in the left 
triceps, brachioradialis, extensor carpi radialis, extensor digi-
torum communis and extensor indicis. Recruitment was reduced 
in the remaining assessed muscles. A selective fascicular biopsy 
of the brachial plexus was felt to be against the best interests of 
the patient.

Laboratory studies were sent to evaluate vasculitides and 
coagulation disorders. Factor VIII activity was elevated (184%; 
reference 50%–150%) and protein S activity was mildly reduced 
(65%; reference 75%–125%). Work- up was otherwise unre-
markable (online supplemental table 4).

DIFFERENTIAL DIAGNOSIS
Injury to the brachial plexus can be caused by a variety of mech-
anisms including trauma/compression, autoimmune reactions, 
direct viral infection and microvascular ischaemia.9 Traumatic 
plexopathies are occasionally seen secondary to stretch injury, 
often from intraoperative positioning and typically with good 
recovery of symptoms.10 Prone positioning, frequently employed 
in the management of acute respiratory distress syndrome, has 

been reported to cause neurapraxic brachial plexopathy from 
pressure injury.11 12 Brachial plexus injury has also been reported 
in conjunction with trauma to the axillary artery, including 
complications of axillary arterial lines (eg, local thromboses, 
haematomas and pseudoaneurysms).13 14 In our case, traumatic 
and compressive aetiologies were ruled out. The patient was 
never proned, nor his left arm was ever hyperabducted or cannu-
lated by an axillary line. Additionally, there was no evidence of 
focal trauma or compression on MRI. The severe weakness and 
numbness with axonotmetic electrodiagnostic findings eliminate 
a stretching neurapraxic injury.

Given his concurrent rash, vasculitis of the brachial plexus 
was considered. Medium and small vessel vasculitides can cause 
inflammation of the epineural arteries of the vasa nervorum 
with subsequent thrombosis and ischaemia.15–18 However, 
most vasculitides present with mononeuritis or mononeuritis 
multiplex; vasculitis- associated plexopathies are rare.19 In our 
patient, autoimmune and vasculitis labs were unremarkable. 
His new diagnosis of diabetes mellitus prompted consideration 
of diabetic radiculoplexus neuropathy. Most cases, however, 
progress to involve the contralateral side or are associated with 
lumbosacral plexus disease.20

Direct viral invasion of the plexus, as with varicella- zoster 
virus (VZV)- associated plexopathy, was also plausible. VZV 
can rarely infect the plexus with a radial nerve- predominant 
palsy, however the distribution of weakness and rash would be 
expected to colocalise.21 22 In this case, weakness was found in 
muscle groups beyond the distribution of the rash.

Another possibility was Parsonage- Turner syndrome (or neuralgic 
amyotrophy) in a postviral setting. Classically, patients report 

Figure 1 D- dimer levels in the patient over the course of his 
hospitalisation. The black arrow indicates the first appearance of the 
microthrombotic rash. Reference range: 0–229 ng/mL.

Figure 2 Livedoid, retiform purpura of the left hand and forearm (A) 
on day 24, (B) on day 45 (day of initial neurological consultation) and 
(C) on day 50 (day following EMG/NCS). (D) The rash did not involve 
the left upper arm, despite weakness of these muscle groups. EMG, 
electromyography; NCS nerve conduction study.

Table 1 Neurologic examination of left upper extremity—inpatient 
examination and postdischarge follow- up

Inpatient 
examination

Postdischarge 
follow- up

Tone Hand Absent Reduced

Wrist Absent Reduced

Elbow Absent Reduced

Strength (MRC 
scale)†

Triceps 0/5 4/5

Biceps 2/5 *

Supinator 2/5 4/5

Wrist extensors 0/5 0/5

Finger extensors 0/5 0/5

Wrist flexors 3/5 4/5

Finger flexors 
superficial

3/5 4/5

Finger flexors 
deep

3/5 4/5

Interossei 3/5 4-/5

Abductor digiti 
minimi

* 4-/5

Abductor pollicis 
brevis

* 2/5

Reflexes Biceps Reduced Absent

Brachioradialis Absent Absent

Triceps Absent Absent

Sensation Pin Reduced Reduced

Vibration * Absent in the left 
elbow

Proprioception * Absent in the left wrist

*Not documented on examination.
†Medical Research Council.
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sudden- onset, severe but self- limited unilateral shoulder pain. Weak-
ness, generally localised to the upper proximal limb, is noted 1–2 
weeks after onset of pain. Neuralgic amyotrophy of the brachial 
plexus has been described in association with COVID-19, with 
the proposed mechanism of action being a COVID-19 immune- 
mediated inflammation.23 However, the focal demyelination that 
would be seen with this process differs from the patchy pattern of 
axonotmesis seen in our patient with complete sparing of axillary, 
pectoral and suprascapular fascicles.24 25

The complete sparing of some fascicles and severe denervation 
of other fascicles that run through the same trunks and cords 
suggest a microvascular paucifascicular infarction due to throm-
bosis of the vasa nervorum in the setting of COVID-19- induced 
hypercoagulability. The pattern of brachial plexus injury with 
selective fascicular involvement, along with the microthrombotic 
rash on the ipsilateral arm, supports this mechanism of disease.

TREATMENT
His wrist was splinted to prevent contractures. He received 
physical therapy, and his pain improved with gabapentin, oxyco-
done and acetaminophen.

OUTCOME AND FOLLOW-UP
The patient was transferred to a rehabilitation unit on day 69 
and was discharged home on day 106 of his hospitalisation. A 
neurological follow- up examination and EMG were conducted 
3 months after discharge. His neuropathic pain had resolved. 

On examination of the left upper extremity, tone was no longer 
absent but was reduced across the left wrist. The left triceps and 
forearm showed severe muscle atrophy without fasciculations. 
Tendon reflexes were absent in the left arm. There was reduced 
pin and thermal sensation in the left C5- T1 dermatomes with 
absent vibration to the left elbow and absent proprioception to 
the left wrist. Strength was reduced as follows: triceps 4/5, wrist 
and finger extensors 0/5, wrist and finger flexors 4/5, forearm 
supination 4/5 and intrinsic hand muscles 4-/5 (table 1). NCSs 
were unchanged, but needle EMG of the left upper extremity 
showed complete reinnervation of the biceps, flexor carpi radi-
alis, first dorsal interosseous, superficial and deep finger flexors, 
partial reinnervation of the triceps, abductor digiti minimi and 
abductor pollicis brevis and persisting, complete denervation of 
the wrist and finger extensors (online supplemental table 1B, 2B, 
3B).

DISCUSSION
To our knowledge, this is the first reported case of brachial 
plexopathy associated with COVID-19 in a patient never placed 
in the prone position. We propose that a COVID-19- induced 
hypercoagulable state resulted in microthrombi which occluded 
portions of the vasa nervorum supplying the brachial plexus, 
thereby causing nerve ischaemia and infarction.

COVID-19 can cause a hypercoagulable state due to activa-
tion of the coagulation cascade and complement system.8 26 27 
Laboratory abnormalities include elevated fibrinogen, elevated 
D- dimer and changes to prothrombin time (PT), activated partial 
thromboplastin time (aPTT), and international normalized 
ratio (INR).27 28 Multiple reports have described the high like-
lihood of pulmonary embolism and deep venous thrombosis in 

Figure 3 MRI reveals diffuse left brachial plexitis (A: coronal T2 STIR 
20 mm reformat) with denervation enhancement and oedema of the 
left serratus anterior (B: coronal T1 with gadolinium). STIR, short tau 
inversion recovery.

Patient’s perspective

I have spent a lot of time in the hospital, so I feel anxious about 
what comes next. I worry about my ability to return to work as I 
did before. But my family waits for me, and I miss them as well; I 
want to see them again.

Specific to my hand, I still have some swelling, pain and 
numbness, but I have a little more strength and range of motion 
than before. I feel like I have received good care here in the 
hospital. Though I need assistance, I am now able to walk. I hope 
that I get better, and that I am able to leave here soon. I hope to 
get back mobility in my hand, to be able to lift myself up and to 
be able to eat by myself.

If I were to give advice to someone in my shoes, I would 
advise them to have patience and to always hope for recovery. 
The main thing that brought me hope during my own hospital 
stay was God. (Translated from Spanish, interviewed before 
patient’s discharge.)

Learning points

 ► Injury to the brachial plexus can be caused by a variety of 
mechanisms including trauma/compression, autoimmune 
responses, direct viral infection or microvascular ischaemia.

 ► Clinicians should be aware that COVID-19- induced 
hypercoagulability may present with microthrombotic 
complications in multiple organ systems.

 ► Early splinting and physiotherapy should be considered in 
patients who show evidence of brachial plexus injury.
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COVID-19, with Klok et al reporting a 49% incidence of large- 
vessel thrombotic complications in critically ill patients with 
COVID-19.29–31 Additionally, multiple reports have described 
the formation of microthrombi in small vessels affecting the 
lungs, heart and skin.8 32–34 Magro et al described COVID-19 
patients with retiform, purpuric lesions identical to those in 
this case. These skin lesions, on immunohistochemical staining, 
showed thrombotic vasculopathy with significant deposition of 
C5b-9 in the microvasculature.8

In this patient, prior to the onset of his rash, D- dimers were 
elevated between 2400 ng/mL and 3000 ng/mL, with abnormal 
factor VIII and protein S levels supporting the presence of an 
acquired prothrombotic state during acute viral infection.35 
Electrophysiology showed a combination of complete or 
partial axonotmesis of most but not all of the motor fascicles, 
supporting a patchy infarction pattern of the brachial plexus. For 
example, though both radial and axillary nerves are branches of 
the posterior cord of the brachial plexus, muscles innervated by 
the radial nerve were affected, while those by the axillary nerve 
were spared. Considering the prothrombotic state, these find-
ings support a variable microthrombosis of the vasa nervorum 
as has also been hypothesised by Needham et al in a recent case 
series of patients with COVID-19 and mononeuritis multiplex.36

Further investigations should examine microthrombi forma-
tion as an important mechanism by which COVID-19 affects 
the peripheral nervous system and also explore more effective 
therapy against microthrombi formation in COVID-19 infection.
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