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Abstract

Parsonage-Turner syndrome (PTS) following COVID-19 infection or vaccination is rare. The
pathophysiology may involve an immune-mediated inflammatory reaction against brachial
plexus nerve fibers in a genetically predisposed individual. We describe the clinical and elec-
tromyographic features of 6 patients presenting with the clinical picture of PTS following CO-
VID-19 vaccination. All patients were referred for electromyographic studies to evaluate the
acute onset of pain in the shoulder girdle/upper limb accompanied by muscle weakness in
the distribution of one or more branches of the brachial plexus. Each patient had received the
COVID-19 vaccine within a few weeks prior to the onset of symptoms. Patients underwent de-
tailed neurological examinations followed by nerve conduction and EMG studies. The patients
developed symptoms after a mean duration of 17 days (5 days—8 weeks) after receiving the
COVID-19 vaccine. The initial symptom was pain in the shoulder girdle/upper limb, followed
within days by muscle weakness. Physical examinations and EMG studies showed upper trunk
brachial plexopathy in 2 patients, lower trunk plexopathy in 1 patient, posterior cord brachial
plexopathy in 1 patient, and anterior/posterior interosseous nerve involvement in 2 patients.
All patients either improved or attained complete resolution of the arm pain at follow-up.
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Three (50%) patients did not have any improvement in the arm/hand weakness, while 3 (50%)
patients had some recovery in strength. PTS may occur after the COVID-19 vaccine and should
be suspected in patients with symptoms and signs suggestive of acute brachial plexopathy.
Studies of a larger series may provide insight into predisposing factors.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Initially described in 1948, Parsonage-Turner syndrome (PTS) refers to the acute onset
of shoulder pain followed by progressive motor weakness, dysesthesia, and numbness of the
upper extremities [1]. Also known as acute brachial plexus neuropathy or neuralgic amyot-
rophy, this condition is usually unilateral and has an incidence of 1.64 cases per 100,000 indi-
viduals (although may be as high as 20-30/100,000 due to missed cases or misdiagnosis)
[1-3]. While the etiology is unknown in many cases, several causes have been reported,
including prior viral infections, vaccination, surgery, and trauma [1, 4]. Myriad immuniza-
tions have been associated with the development of PTS, including varicella zoster, hepatitis
B, tetanus toxoid and antitoxin, diphtheria, pertussis, tetanus vaccine, smallpox, and swine flu
[1]. It has been suggested that the viral antigen in the vaccine may trigger the development
of PTS post-vaccination [1].

During the first 6 months of 2021, we noted an increase in the number of cases of PTS
diagnosed in our diagnostic facility. Further analysis showed that the increase was appar-
ently related to patients receiving COVID-19 vaccine, which prompted us to study these
patients in more detail.

Since the initial reports of “pneumonia of unknown etiology” in Wuhan, China, on
December 29, 2019, which was identified as the novel coronavirus or the severe acute
respiratory syndrome coronavirus 2, this global pandemic has profoundly affected all
aspects of society, resulting in 726,846 fatalities in the USA as of October 25, 2021 [5]. On
December 11, 2020, the US Food and Drug Administration granted the emergency use
authorization for the BNT-162b2 severe acute respiratory syndrome coronavirus 2 vaccine
for individuals >16 years [6]. As of October 25, 2021, over 416 million doses have been
administered in the USA, representing 61% of the population who have been fully vacci-
nated [5]. The safety profile of this vaccine specified short-term, mild-to-moderate pain at
the injection site, fatigue, and headaches. Numerous short- and long-term side effects of the
peripheral nervous system from the COVID-19 infection have been reported, including
nerve pain and skeletal muscle injury, Guillain-Barré syndrome, Bell’s palsy, tinnitus,
cranial polyneuritis, neuro-ophthalmological disorders, neurosensory hearing loss, neuro-
muscular junction disorders, and dysautonomia [7]. Rare cases of PTS following COVID-19
infection or vaccination have been described [2, 3, 7-12]. It has been suggested that
peripheral nervous system abnormalities may be attributed to dysregulation of the systemic
immune response due to COVID-19 [12]. In this manner, COVID-19 infection results in an
increased number of antibodies against peripheral nerve myelin leading to inflammation
with macrophage activation [2].

Herein, we report 6 patients with PTS temporally related to the COVID-19 vaccination,
whowerereferred for electrodiagnostic (EDX) evaluation for acute onset of pain and weakness
of the upper extremity. The presenting symptoms, physical examination, EDX findings, MRI
results, history of COVID-19 vaccination, treatment, and follow-up are discussed. The mech-
anism linking PTS and COVID-19 is examined. The diagnosis, management, and prognosis of
PTS as well as the importance of EDX studies are also discussed.
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Methods

We performed a retrospective analysis of patients referred to our facility for EDX inves-
tigation of pain and weakness of the upper extremity. All patients underwent EDX studies
following standard protocol in our laboratory [13]. The EDX tests focused on detecting focal
demyelination, conduction block, axonal loss, and localizing the site of involvement by nerve
conduction studies and needle EMG. Numerous metrics were documented including
presenting symptoms, physical examination, EDX findings, history of COVID-19 vaccination,
treatment, and outcome. Other potential triggers of PTS such as active COVID-19 infection,
recent illness, surgery, or strenuous exercise were excluded.

Standard Protocol Approvals, Registrations, and Patient Consents

The University of Louisville Institutional Review Board determined that this study was
exemptaccording to 45 CFR 46.101(b) under Category 4. The IRB numberis 21.0567. Written
informed consents were obtained from all patients in this study.

Results

Four patients with PTS received the Pfizer-BioNTech COVID-19 vaccine, and 2 patients
were inoculated with the Moderna COVID-19 vaccine prior to symptom onset (mean duration:
17 days, range: 5 days-8 weeks) (Table 1). The symptoms arose on the ipsilateral side to the
injection site in 5 patients and on the contralateral side in 1 patient. The onset of symptoms
occurred after the 1st dose of the vaccine in 2 patients, while 4 patients developed symptoms
after the 2nd vaccine dose. Presenting symptoms included arm pain in 5 patients and shoulder
pain in 3 patients followed by the acute onset of muscle weakness in all patients (Table 1).
Physical examination and EDX studies showed abnormalities suggesting localization to a part
of the brachial plexus or to one or more of its branches. Topography of denervation changes on
needle EMG in selected upper extremity and cervical paraspinal muscles further confirmed the
localization. The clinical picture coupled with EDX findings supported the diagnosis of PTS. The
upper trunk/lower trunk was involved in 3 patients, posterior cord in 1, anterior interosseous
nerve (AIN) in 1, and posterior interosseous nerve (PIN) in 1. Figure 1 depicts weakness of
flexor pollicis longus in Patient #2 with AIN palsy. In Patient #1, stimulation at the right Erb’s
point evoked a small compound muscle action potential with fibrillations over the deltoid,
which showed fibrillations and positive sharp waves indicating significant axonal involvement.

Five patients underwent a cervical spine MRI which did not show abnormalities that
could be related to the motor or sensory deficits. Only 1 patient (Patient #1) underwent a
brachial plexus MRI which revealed no abnormalities of the brachial plexus.

Treatmentincluded prednisone/prednisolone in 4 patients, gabapentin in 2 patients, and
physical therapy (PT) in 4 patients. All 6 patients in our study attained either improved or
complete resolution of the arm pain at follow-up (Table 1). Three patients did not have any
improvement in the arm/hand weakness, while 3 patients had some recovery in muscle
strength.

Discussion
PTS is a clinical diagnosis and depends on an accurate history and neurological exami-

nation. The differential diagnosis includes several conditions including cervical radicu-
lopathy; cervical myelopathy; adhesive capsulitis, rotator cuff, or labral tear of the shoulder;

1
Karger <

60



61

Case Rep Neurol 2022;14:58-67

© 2022 The Author(s). Published by S. Karger AG, Basel

£
IS
S
S
:
2
2
o
O
<
5
[¥p)
o
o
o
>
o
S
o}
[a)
£
(2]
o
1
0O >
o O
9 O
®°s
]
c O
V2

Shields et al.: Parsonage-Turner Syndrome and COVID-19

'sa1a) Jojeuodd ‘J1d ‘saaem daeys aanisod ‘SpNS ‘9AIaU snoassodalul JoLsod ‘NId ‘[eaduereydodaeseiaun ‘g Qurof [eaduereydaaiul ‘g ‘SIIPUT JOSUIXD TH
‘STUNWWod Wn1ojiSIp 10susixa ‘)4 ‘snduoj spifjod Josuaixe “T47 ‘Twrurut BHSip 1030npge ‘WY ‘Snoassotajul [esiop Isay ‘(@] ‘snpunjoid winioSip 10xayy ‘4@ ‘sn8uoj spijjod 1oxayj 14 ‘s1aaiq sifjod 103onpqe ‘qdy

ssauyeam Ul

Juawaoxdui ‘uted uLre Jaf
ur Juawaaoxdwr juedyrusis
‘uon23(ur proIalsodn.Io)

19sU0
woydwAs 193je sypuowt g
SSauyBAM PURY PINUNUOD
‘paajosau ured Quauniean) oN

Josuo woldwAs J9)je sypuowr
74 ¢ s108uy S[ppIW pue Xapul
JO ssauyeam panupuod ‘ured
uLre pue Japnoys pasodur
‘unuadeqes ‘Duosiupa.d

19SUO .I9}JE SYIUOW
pasoIdul SSouNBaM ‘PIA[OSA
ured urre ‘1o3oeadoaiyd

‘1d ‘@uojostupadiAyow
‘P10.19)S0011.I07)

19sU0
J93J€ SyuoOW 74 § pajsistad
qUINY} SSAUNEIM ‘PIA[0SI
ured uLIeaoj ‘saosnut

JO UonEB[NWINS JL1IIJ “Ld

19su0
J193Je SYIUOW § SSOUNEaM
pue ured w.ie pasoxdur

‘{Ld ‘unuadeqes ‘ouosiupa.d

snxajd [p1yop.1q p40d 101123504 s[eurdsered [ed1A10
pue sdadiq ‘114 ‘ddV ‘1aJ ul utened euiou

19 ‘D@d ‘sdaoLn ‘proifap oy sotseydAjod
PaseaIdul PUuB JUIWINIIAI JIUN J10J0W PISeaIdd(

Sao125Df NId o1

proaap ‘sdadiq ‘1d4 ‘ddv ‘sdeorn

“TYDd ut uronied [euriou dd pue DA ul SMSd
pue SUOLE[LIqY DA 10 [ 1940 JVIND ON

snxa]d [p1yop.aq yun.aj 1amoj 3fa77 sreurdsered
[e21a10) ut wrened [euriou ‘sdedLn ‘gdy ‘Oad “1dd
JUSWIINIDAI JTUN J0J0W PISeaIddP ‘NAY ‘Idd Ul
JUBUNINIDAL JIUN 10JOW PASEAIIDP PUE S S

snxajd [p1yop.q yun.g saddn Jyb1y speurdsered
[B21A19D [euLIOU ‘sdadLI) ‘SI[RIPRIOIYIR.I]
‘sdad1q ‘p1ojap ut sytun orseydAjod paseaaour
‘sdaoL} ‘sierpeIorydeIq ‘pro3fap 3ySLI ay) ur
SIUN 10JOW PaseaIdIP pue ‘SASJ ‘SUone[[LIqly

Id:f 03 Sa]212sDf NI 321
a4 pue ‘19 ‘Lid ‘ddV ‘ddd [ewtiou Id ay3 ut
Jus}InIdal JIun .1010W Ul 9Sea.1d9p PayIeg

snxajd [p1yop.aq yun.y saddn Jyb1y speurdsered
[e21A10) Suipnput sapsnui Jay3o ul uraped
[ewou ‘snyeurdsejut ‘pro3ap ‘sdaoiq Iy ur
S)IUN 10JOW JO SSO[ PUE. ‘SANSJ ‘SUOTIBLIL]

syjuowt ¢

SyPaM 9

syjuow z

syjuowt Z

Syjuow ¢

Sy9aM G

uonoNpqe Iapmnoys
sjeam ‘s)Sip oy jo
UOISUDIXD JO SSAUNBIA

urof g 38 sUS1p Ya[ Jo
UOISUSIXd JO SSAUNBI

4dv ‘Wav ‘1ad ‘oai
‘sdooL1) 3391 Jo ssoueap

urre Jaddn 3y8L1 uonesuas

sporaduid paseaanap
‘smyeurdseqjut ‘sdooLn
‘sirerpeJoryoelq ‘sdaoiq

‘p1o3[op IYSLI JO SSAU I

jutof 4 ay3 3e quiny}

1J9[ JO UOIXA[J JO SSOUNBIAN

smeurdseayur ‘sdaoiq

‘p1o3[ap IYSLI JO SSOUNBIAN

s193uly o] puoIXa/Xayj
01 d[qeun ‘ured wLle o]
{SJULWIDAOW ISP[NOYS
o[ yum Amayyig

puey 1Jo] JO SSouyeam
‘ured uLIeaI10j Y]

puey jo

ssauyeam ‘s1aguy

¢ Jeupn eisaysated
‘s198uy 03 Suneipelr
ured 1ap[noys 1o

yeam uLre ‘ured
Jap[noys/soau ysry

UOIXa[J quIntyy
J9[ JO ssauyeam
‘ULIea.10j 3] Uted

yeam uLre JysL
‘ured Jap[noys
pue yoau 3y

swoydwAs 03
[eJareqisdl aurdoea swojdwAs
uLIe 3o 910J3q SAep 9 auIddeA
BUISPOJN 9SOp puz 61-AIAOD

swoydwAs 03 [eI9)e[R1U0D
auroea swojdwAs uLe 3ya|
910J9( SY29M g dUIDIBA
192134 9s0p puz 61-AIAOD

swoydwAs 03 [erajeqisdr
aumoea ‘swoydwAs uLre 3ya|
910J9( SY99M Z dUIIIeA
19Zljd 9S0p ST 61-AIAOD

swoydwAs

03 [eda3efisdl auroeA
‘swojdwids urre 3yt a.10jaq
sKep G auI0eA BUIIPOJ
9so0p pug 61-AIAOD

swoydwAs 03 [erazeyisdr
aumoea ‘swoydwAs uLre 3ya|
910J9( S3ooM Z dUIDIBA
19Zljd 9S0p puz 61-dAIAOD

swoydwAs 03 erayeqisdr
aumoea ‘swoydwAs uLe
YS11 2.10J9q oaM T duddeA
19Z1Jq 9S0p3IST 6T-AIAOD

/9%

/%8

W/€S

/05

W/vL

a/9¢

dn-mojjoj/ausunes.,

sa1pms Xad

ADN/DWH pue
j9suo woydwAs
U99MI(q [BAINU]

UOTIRUTWEXS [BIISAYJ

swoydwAs Junuasaig

(uonemoouut jo apis
‘2dfy ‘esop puz/IsT)
durddeA 6T-dIA0D

Iapuan
/saeak 93y

oN
Juaned

JUIORA 6T-AIAO0D 93 SUIMO[[0] SWOIPUAS I9UIN[-95euosIed YIM Sjuaned | djqel

re

Karge



Case Rep Neurol 2022;14:58-67
Case Reports in DOI: 10.1159/000521462 | © 2022 The Author(s). Published by S. Karger AG, Basel

Neurology www.karger.com/crn
Shields et al.: Parsonage-Turner Syndrome and COVID-19

Fig. 1. Patient #2 showing inability to flex the
IP joint of the left thumb from weakness of the
FPL due to involvement of AIN fascicles. FPL,
flexor pollicis longus; IP, interphalangeal; AIN,
anterior interosseus nerve.

and glenohumeral osteoarthritis [2, 3, 11]. A vague and unreliable history and confusing
findings on physical examination may lead to misdiagnosis. EDX studies are crucial to
confirm localization of the disorder to the brachial plexus/branches. They are valuable in
supporting the diagnosis of PTS and excluding mimics like acute cervical radiculopathy
based on the distribution of denervation and the presence or absence of SNAPs [3]. While
the upper trunk is most commonly involved, there is often widespread denervation of the
involved muscles and often patchy damage to any portion of the brachial plexus [1, 3]. Our
earlier study showed a predilection for fascicles of the AIN or PIN in a significant proportion
of patients with PTS [4]. EMG/NCV studies may or may not reveal absent SNAPs, reduced
CMAPs, and prolonged F responses [14]. In van Alfen et al. [15] publication of sensory nerve
conduction studies in PTS, 80% of clinically affected nerves had normal SNAPs. EMG/NCV
tests are also helpful to demonstrate reinnervation of the affected muscles when studies
are performed serially. A cervical MRI may reveal findings such as a disc herniation that
may cause symptoms similar to PTS, while an MRI of the shoulder and brachial plexus often
demonstrates intramuscular denervation changes and a uniformly increased T2 signal of
the supraspinatus, infraspinatus, teres minor, teres major, and deltoid muscle character-
isticof PTS [1, 11, 14]. High-resolution MR neurography may show hourglass constrictions
in fascicles of nerves involved in PTS [1].

PTSisusuallyself-limited and doesnotrequire surgicalintervention. Medical management
may consist of corticosteroids, opioid and nonsteroidal anti-inflammatory medications, and
PT. The pain often resolves within 1-2 weeks. Approximately, 70-80% of patients attain
improvement in muscle strength at 2-3 years; however, 70% often experience residual
weakness [11, 14]. Additional common residual symptoms include pain and fatigue [16]. A
recent report suggests that motor impairment in PTS may improve after intravenous immune
globulin [17]. If hourglass-like constrictions are observed on imaging, surgical treatment may
be beneficial for persistent weakness [16].

Very few case reports/series have been published in the literature describing PTS as a
sequelae of COVID-19 infection or vaccination (Table 2) [2, 3, 7-12, 18-20]. In 5 of these
articles, patients had contracted COVID-19, after which they developed shoulder and/or arm
pain followed subsequently by arm /hand paresthesia and weakness [2,7,9, 11, 12]. Five case
reports/series featured similar presenting symptoms after receiving the COVID-19 vaccine
[3,10, 18-20]. One case report described pure sensory PTS after COVID-19 infection [8]. The
physical examinations, EDX studies, and MR imaging in these published cases excluded other
causes that may have precipitated the patients’ symptoms. Most patients were treated with
prednisone/prednisolone or an anti-inflammatory medication in conjunction with PT with
varying degrees of improvement in pain and weakness of the arm/hand (Table 2).
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Three mechanisms have been proposed to explain the development of PTS following
COVID-19 infection [2]. COVID-19 may enter any host cell by binding to the angiotensin-
converting enzyme 2 receptor which is located in many cell types including the lungs, heart,
intestines, and kidneys. In this respect, the COVID-19 virus may act as a direct neuropathogen
that invades the peripheral nerves. The COVID-19 virus may also cause peripheral nerve
damage through direct cytotoxic effects or through molecular mimicry, the latter involving
antibodies against viral surface glycoproteins that target similarly structured glycoconju-
gates in the human nervous tissue.

Strengths and Limitations

Ourstudyisthelargestseriestodate in theliterature that features patients who developed
PTS following the COVID-19 vaccine. While the patients’ clinical history and physical exami-
nation suggested PTS, the EDX testing further corroborated this diagnosis and excluded other
causes such as cervical spondylotic/disc disease and rotator cuff pathology.

The limitations of the present work include its retrospective nature and lack of a
conclusive diagnostic test for PTS. Few studies have reported the time between vaccine
administration and symptom onset [3, 10, 18-21]. In Tsairis etal. [21] study of 14 post-immu-
nization patients, the interval between the innoculation and symptoms ranged between 3 and
21 days. In the patients who developed PTS post-COVID-19 vaccine depicted in Table 2 [3, 10,
18-20], the time duration between the vaccine and onset of symptoms ranged between 13 h
and 25 days. The time interval between the vaccine and symptom onset in Patient #5 of our
study was 8 weeks which represents an outlier. An additional limitation is that only 1 patient
in our study underwent a brachial plexus MRI.

Conclusion

Physicians should be aware of the potential for development of PTS in patients who have
experienced either COVID-19 infection or been vaccinated for this novel virus. Timely recognition
and early treatment of this condition with corticosteroids and PT offer the best outcome, although
complete recovery may not always occur. Additionally, prompt and accurate diagnosis avoids
needless testing or surgery of the cervical spine or the rotator cuff. EDX testing is valuable in local-
izing the problem to the brachial plexus and to exclude other conditions that may cause over-
lapping signs and symptoms of PTS. With the rampant surge in the number of COVID-19 cases due
to virus variants coupled with an increase in COVID-19 vaccinations, physicians should anticipate
more patients with PTS, as has been our recent experience. Further analysis into the mechanisms
that trigger neurological complications following COVID-19 infection or vaccine is warranted.
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