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ORIGINAL RESEARCH
SPINE IMAGING AND SPINE IMAGE-GUIDED INTERVENTIONS

Postprocedural Brachial Neuritis: Clinical, Electrodiagnostic,
and Neuroimaging Features

Vardhaan S. Ambati, ““’Neha Madugala, Noriko Anderson, ““Ann N. Poncelet, Bradley R. Bedell, Reshma P. Kolala,

Praveen V. Mummaneni, and “*Vinil N. Shah

ABSTRACT

BACKGROUND AND PURPOSE: Brachial neuritis is a monophasic condition affecting the brachial plexus and its branches, manifest-
ing as acute shoulder and upper arm pain, followed by weakness and paresthesias. It can be triggered by antecedent events, includ-
ing procedures such as surgery. Misdiagnosis and delay in diagnosis are common. Imaging is important to confirm the diagnosis of
postprocedural brachial neuritis and exclude other etiologies.

MATERIALS AND METHODS: Clinical, electrodiagnostic, and neuroimaging features of patients with postprocedural brachial neuritis
from a single quaternary care institution were identified and analyzed.

RESULTS: Six patients (2 women) were identified with a median age of 62 (range 49-70) years. Antecedent procedures included 4
cervical spine surgeries, 1 rotator cuff repair, and 1 central venous catheter placement. Time to symptom onset ranged from 1 day
to 2 weeks. The initial symptom for 5 of the 6 patients was severe upper extremity pain followed by weakness. All patients had
electrodiagnostic tests and MR neurography consistent with brachial neuritis. MR neurogram showed plexus and/or terminal branch
abnormalities with associated muscular denervation edema. The C5 or C6 root and/or upper trunk were always involved. The most
common branches affected were the suprascapular, long thoracic, and axillary nerves. Hourglass constrictions (HGCs) of these
nerves were seen in 3 of 6 patients. The average time to diagnosis was 3.4 (range 1.5-5) months.

CONCLUSIONS: Postprocedural brachial neuritis is an under-recognized cause of acute upper extremity pain and weakness. MR
neurography can exclude iatrogenic causes and document the presence of HGCs in affected nerves. Diagnostic neuroradiologists
should be aware of this clinical entity and associated neuroimaging findings.

ABBREVIATIONS: ACDF = anterior cervical discectomy and fusion; EDX = electrodiagnostic; HGC = hourglass constriction; MUAP = motor unit action

potential

rachial neuritis (neuralgic amyotrophy, Parsonage-Turner

Syndrome) is a subacute, monophasic neurologic condition
affecting the brachial plexus and its branches, classically manifest-
ing as acute pain in the shoulder girdle and upper arm followed
by weakness and paresthesias." Brachial neuritis is often triggered
by an antecedent event, including surgery.>” Procedures associ-
ated with brachial neuritis include knee surgery,* cervical surgery
(most common),”” mastectomy,® appendectomy,” tonsillec-
tomy,” cardiac or rib surgery,” hysterectomy,” and laparoscopic
treatment of endometriosis.'"® A common postcervical surgery
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phenomenon is C5 palsy, which is postulated to be due to brach-
ial neuritis.” Postprocedural brachial neuritis is reported to mani-
fest within a week to months following surgery but can occur
within 24 hours of surgery.

Misdiagnosis and delay in diagnosis of brachial neuritis are
common.* Imaging guided by clinical findings can help distin-
guish this diagnosis from other etiologies, which may be particu-
larly helpful in postprocedural patients where the etiology of their
symptoms could be due to other causes, such as a procedural
complication.'" Characteristic imaging findings of brachial neuri-
tis may include intrinsic constrictions of involved nerves (Fig 1)
and/or denervated muscles around the shoulder.”™

In this study, we present a case series of 6 postprocedural
brachial neuritis patients and their electrodiagnostic (EDX) and
imaging findings. Awareness of brachial neuritis as a postproce-
dural sequela is important because early detection can allow for
appropriate management and treatment of patient symptoms
and improve patient outcomes.

Copyright 2025 by American Society of Neuroradiology.
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SUMMARY

PREVIOUS LITERATURE: Brachial neuritis, characterized by profound pain followed by weakness in the distribution of the
brachial plexus, is reported to be preceded by surgery in 10%-14% of cases. Previous studies have described various imaging
and electrodiagnostic characteristics associated with this condition, demonstrating that lesions may involve either the plexus
itself or its terminal branches. Given the rarity of this condition, misdiagnosis is common. This may be particularly true for
postprocedural patients, where the etiology of their symptoms could also be due to procedural or idiopathic complications,
such as C5 palsy.

KEY FINDINGS: We describe the clinical course, electrodiagnostic, and imaging findings in 6 patients with postprocedural brachial
neuritis. MRI revealed supraclavicular plexus involvement in all patients. HGCs of terminal nerve branches were present in 3 of 6
patients. MR neurogram enabled accurate diagnosis and exclusion of iatrogenic causes in all patients.

KNOWLEDGE ADVANCEMENT: Recognition of postprocedural brachial neuritis is important for surgeons, neurologists, and radi-
ologists as it may mimic iatrogenic neurologic deficits, further delaying diagnosis. Our study advances our understanding of post-
procedural brachial neuritis by describing its clinical, electrodiagnostic, and imaging characteristics, potentially aiding in more

rapid and accurate diagnosis.

MATERIALS AND METHODS

We retrospectively reviewed clinical, electrodiagnostic, and imag-
ing features of patients diagnosed with brachial neuritis seen at a
single tertiary care center from July 2021 to March 2023 to iden-
tify patients with a procedure as an antecedent event. Patients
were included if they met inclusion/exclusion criteria for brachial
neuritis (Table 1), developed symptoms of brachial neuritis
within 2 months of the procedure, and underwent MR neurog-
raphy (protocol described in Table 2) following the develop-
ment of brachial neuritis symptoms. MR neurograms were
performed on a 3T MRI scanner (Signa Premier or Discovery
750; GE Healthcare) and were reviewed by 2 neuroradiologists
with a combined experience of greater than 25 years. Patients
were scanned in a conventional manner with arms in a neutral
position. Specific imaging features that were assessed included
the presence or absence of intraneural edema, nerve constrictions,
denervation edema, and evidence of postoperative collections

FIG 1. A 48-year-old man with acute right shoulder pain and weak-
ness and clinically suspected idiopathic brachial neuritis. Axial T2
IDEAL image (GE Healthcare) from a brachial plexus MR neurogram
shows increased signal and caliber of the right suprascapular nerve
with multiple constrictions (arrows) along its course, confirmatory
imaging findings of brachial neuritis. Denervation edema involving the
supraspinatus and infraspinatus muscles (asterisks) is seen.

causing mass effect. All patients consented to participation in our
institution’s Brachial Neuritis Registry (Institutional Review
Board 21-34564, expedited review) and have agreed to the use of
their deidentified information for this case series. The methodol-
ogy described by the STROBE checklist for observational studies
was followed.

RESULTS

Six (2 women, with a median age of 62 [range 49-70] years) out
of 68 patients (8.8%) diagnosed with brachial neuritis at our cen-
ter had a procedural antecedent event and had MR imaging as
part of their evaluation. The rate of postprocedural brachial neu-
ritis in our center’s registry during the same time was 13.2%. Five
patients were included based on clinical criteria described in
Table 1. In 1 patient (BN3), the clinical criteria were equivocal
(moderate instead of severe pain), but the imaging criteria were
definitive (Table 1). Antecedent procedures included 4 cervical
spine surgeries (2 multilevel anterior cervical discectomy and
fusions [ACDFs], 1 multilevel posterior fusion with laminecto-
mies, 1 multilevel disc arthroplasty), 1 rotator cuff tear repair,
and 1 intrajugular central venous catheter placement. All patients
presented with brachial neuritis for the first time. The median
time to accurate diagnosis was 3.75 (range 1.5 to 5) months, and
the median number of clinicians seen before accurate diagnosis
was 4.5 (range 2 to 7).

Each patient’s clinical presentation, electrodiagnostic features,
and neuroimaging findings are described in detail in the
Supplemental Data. The median time between the procedure and
symptom onset was 4.5 days (range 1 day to 2 weeks). The initial
symptom for 5 out of 6 patients was severe upper extremity pain
followed by weakness. One patient (BN3) presented atypically
with weakness followed by moderate pain. Scapular winging
was present in all but 1 patient (BN 1). The next most common
affected movement was external rotation of the shoulder in
4 of 6 patients. Finger extension was weak in 4 of 6 patients,
and shoulder abduction in 2 of 6 patients.

Electrodiagnostic studies were performed on all patients. The spe-
cific protocol for the nerve conduction studies and electromyography
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Table 1: Brachial neuritis inclusion and exclusion criteria

Must Meet Definitive Clinical Criteria or if Meets Modified Clinical Criteria, Must Meet Definitive EDX and/or
Imaging Criteria for Confirmation

1. Definitive clinical criteria (must meet all criteria)

a. Sudden onset of pain NRS® =7 (periscapular, shoulder, and/or arm pain)
b. Onset of asymmetric paresis of the upper extremities within first month of a pain episode
c. Nerve damage involves a single nerve or multiple nerves/segments of plexus/roots (mononeuropathy multiplex)
d. Monophasic course with slow (>3 months), spontaneous recovery
2. Modified clinical criteria (must meet 1b and 1d) with EDX or imaging confirmation
a. If reported pain <7, can be included if presentation for brachial neuritis confirmed by neurologist/physiatrist due to classic
presentation (ie, thumb and/or index finger distal flexor weakness [OK sign], scapular winging; and/or external rotation weakness)

AND confirmation by EDX and/or imaging

b. If localization is to single root, confirmation of brachial neuritis by EDX and/or imaging is required

3. Exclusion criteria

a. Exclusion of direct trauma, direct malignant infiltration, direct radiation to plexus
b. If the patient has underlying diabetes, must confirm that there is no demyelination in upper extremity by EDX to meet inclusion

criteria
4. Definitive EDX criteria
a. EDX excludes demyelination

b. Nonradicular pattern of involvement (unless imaging confirms findings of brachial neuritis)

c. Nerve damage involves a single nerve or multiple nerves/segments of plexus/roots (mononeuropathy multiplex)

d. Electromyography shows denervation potentials with no voluntary MUAPs or moderately/severely (discrete/moderately decreased)
reduced recruitment of motor unit action potentials of at least 1 affected muscle. Discrete = 1-3 MUAPS max at 40 Hz. Moderately

decreased = 4-6 MUAPS max at 40 Hz
5. Definitive imaging criteria

a. T or more HGCs on either MRI or ultrasound of at least 1 affected nerve

*NRS: numerical rating scale for pain. 0-10 scale.

Table 2: MR neurography protocol for the brachial plexus®

Slice Echo- Parallel
Imaging TR TE Thickness Train Imaging Fat
Sequence Anatomy (ms) (ms) (mm) Length Acceleration Suppression

Coronal 3D MSDE-CUBE Bilateral 2400 70 1 100 3%x2 3-point Dixon
Coronal 2D T2w FSE FS Right >4500 85 34 15-20 2x1 2-point Dixon
Coronal 2D T2w FSE FS Left >4500 85 34 15-20 2x1 2-point Dixon
Coronal 2D Tlw FSE Unilateral® <800 Min 34 4 2x1 None
Axial 2D TIw FSE Unilateral <800 Min 34 4 2x1 None
Axial 2D T2w FSE FS Unilateral >4500 85 34 15-20 2x1 2-point Dixon
Sagittal oblique 2D Unilateral >4500 85 34 15-20 2x1 2-point Dixon

T2w FSE FS
Axial DTI Bilateral >4500 Min 34 NA 2x1 Fat saturation
Coronal 2D TI FSE FS Unilateral <800 Min 34 4 2x1 2-point Dixon

postgadolinium
Axial 2D T1 FSE FS Unilateral <800 Min 34 4 2x1 2-point Dixon

postgadolinium

Note:—MSDE indicates Motion Sensitized Driven Equilibrium; T2w, T2-weighted; FS, Fat-saturated; Tlw, Tl-weighted.

®Scanning on 3T MRl is preferred due to higher SNR.
®2D FSEs are unilateral targeted to side of interest. MSDE-CUBE is bilateral.
<16 diffusion directions; b-value =800 seconds/mm®.

was selected by the electromyographer based on the clinical infor-
mation. In 5 of the patients tested, the results were consistent
with the clinical diagnosis of brachial neuritis (Supplemental
Data). A limited EDX study was done for 1 patient (BN3) at
1 year to assess nerve continuity to the most affected muscles,
which is an important prognostic sign. One patient (BN10) had
superimposed bilateral mild median neuropathies at the wrist
(carpal tunnel syndrome) and 1 (BN7) had a moderate superim-
posed right median neuropathy at the wrist.

All patients had weakness at the time of imaging. The pain
had resolved at the time of imaging in 2 patients (BN2, BN10).
Imaging showed plexus and/or terminal branch abnormality
with associated muscular denervation edema in all 6 patients
(Supplemental Data) that closely correlated with EDX features.
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The supraclavicular plexus, particularly the C5 root, C6 root,
and/or upper trunk, was always involved (Figs 2-4). Branch
involvement was variable, with suprascapular, long thoracic, and
axillary nerves being most affected by imaging. Hourglass con-
strictions (HGCs) along the course of the involved branches were
seen in 3 of 6 patients (Figs 2, 3). Mild postcontrast enhancement
was noted along the affected nerves in most cases. Enhancement
of the denervated muscles was always present. Imaging was im-
portant for the diagnosis and management of all patients. BN1
had a myelodysplastic syndrome with the need to exclude malig-
nant infiltration. For all other patients, excluding an iatrogenic
cause related to the antecedent surgery, such as hematoma or
infection, was important for diagnosis and appropriate manage-
ment. In 2 patients (BN8 and BN9), where follow-up imaging



FIG 2. A 58-year-old man (BN2) with onset of right brachial neuritis 1-week postop from right ro-
tator cuff repair. MR neurogram was performed 4 months after initial symptom onset for persis-
tent right upper extremity weakness. A, Coronal T2 IDEAL sequence from right brachial plexus
neurogram shows intraneural edema of the right C5 and Cé roots (arrows). B, Axial T2 IDEAL
sequence from a right upper extremity neurogram shows increased fascicular signal of the me-
dian nerve (arrow) between the 2 heads of the pronator teres, as well as increased signal of the
posterior interosseous nerve (arrow) as it courses through the supinator muscle (C). Denervation
changes within the flexor and extensor compartments of the forearm, including diffuse edema
within the pronator quadratus muscle (asterisks in D), which is supplied by the anterior interosse-
ous nerve.

d

FIG 3. A 66-year-old woman (BN3) with onset of right brachial neuritis 2 weeks after a C4-C7
ACDF. MR neurogram of the right brachial plexus was performed 5 weeks after initial symptom
onset. A, Coronal T2 IDEAL sequence shows diffuse intraneural edema of the right brachial
plexus, particularly C5-C8 roots (dashed oval), upper trunk (solid arrow), and posterior cord
(dashed arrow). ACDF hardware (asterisks). B, Sagittal T2 IDEAL sequence shows increased signal
of the suprascapular nerve (arrow) and denervation edema within the supra- and infraspinatus
and trapezius muscles (asterisks). C, Sagittal T2 IDEAL image more proximal than (B) shows
increased signal of the long thoracic nerve. Constrictions were noted along the course of the
long thoracic and suprascapular nerves (now shown).

was obtained, repeat imaging several weeks out from the initial
study showed improvement in muscle denervation and intraneu-
ral edema compared with the first imaging study. This was con-
sistent with gradual clinical improvement in both patients.

Pain responded substantially to cor-
ticosteroids in 2 patients. Four received
opioids with partial benefit in 1. Two
received NSAIDs with partial benefit.
Three patients received a neuropathic
pain medication (gabapentin and/or a
tricyclic antidepressant) or muscle relax-
ant (baclofen, tizanidine) with unclear
benefit. Four patients received physical
and occupational therapy through our
Brachial Neuritis Multidisciplinary
Clinic with benefit. The other 2 patients
received physical therapy before coming
to our center with improvement, partic-
ularly in range of motion.

All experienced at least partial pain
relief by a median of 2 months follow-
ing symptom presentation (range
1week to 9months). Only 1 patient
(BN9) had persistent pain exceeding
1 year following symptom onset. All
patients had improvement in their
weakness over the course of 10 to
24 months (Supplemental Data), but
the recovery was incomplete, with mild
to moderate persistent weakness in all
patients.

DISCUSSION

Postprocedural brachial neuritis is an
under-recognized clinical entity with
undue delay in diagnosis, with most
cases ascribed to brachial plexus stretch
injuries occurring during anesthesia or
direct injury as a result of the proce-
dure. In Parsonage and Turner’s origi-
nal description of brachial neuritis,
10% of patients had antecedent surgery
3-14days before symptom onset.' In
another study by Malamut et al,” 6
patients, 1-13days postprocedurally,
developed signs and symptoms that
met the clinical and electrophysiologic
criteria for brachial neuritis. The largest
published series of 246 patients with
brachial neuritis showed surgery as an
antecedent event in 14% of patients.’
The incidence of postprocedural brach-
ial neuritis in our center’s registry is
similar (13.2%). Our study confirms
the challenge with recognition and
accurate diagnosis of brachial neuritis
in the postprocedural period. While the

diagnosis of brachial neuritis is usually based on clinical criteria,
electrodiagnostic and imaging findings are helpful for supporting
the diagnosis (Table 1) and are particularly useful when definitive
clinical criteria are not met or when there are confounding factors
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FIG 4. A 68-year-old man (BN8) with onset of left brachial neuritis 2 days after C2-C6 laminecto-
mies and C2-C7 posterior spinal fusion. MR neurogram of the left brachial plexus was performed
at 3 days, 5 weeks, and 7 months after initial symptom onset. A, Coronal T2 IDEAL sequence
from neurogram performed at 5 weeks shows intraneural edema involving the left C5-C8 nerve
roots with extension into the upper and middle trunks and lateral and posterior cords.
Constrictions along the course of the suprascapular (arrow in A) and long thoracic (arrow in B)
nerves. Intraneural edema involving the affected nerves continued to improve over the serial

imaging studies.

such as recent cervical spine surgery. Nonspecific antiganglioside
antibodies are present in 36% of patients.'> However, they are
not clinically useful in confirming the diagnosis or excluding
other causes, and they were not performed in these patients.

EDX and MR neurography imaging findings are complemen-
tary and can confirm and localize the distribution of nerve
involvement, exclude other neuromuscular causes, assess improve-
ment over time, and select patients for surgical treatment. Imaging
studies may show nerve abnormalities and muscle changes within
hours to days of symptom onset, whereas a minimum 3-4 weeks
interval from symptom onset is typically chosen to increase
EDX sensitivity to ensure sufficient time for denervation
changes to be present.'?

There is conflicting data in the literature regarding the MR
neurography findings in brachial neuritis. In 1 study of 15
patients with idiopathic brachial neuritis, based on clinical and
electrophysiological findings, MR neurography demonstrated
root (53.3% of cases), trunk (46.7%), cord (40%), and/or terminal
branch involvement (13.3%). The C5 root was the most common
nerve root involved, and the lateral cord was the most common
cord involved. Muscle denervation changes in the form of edema,
fatty infiltration, and/or atrophy were noted in 8 (53.3%) patients.
Most of the patients in this study had unilateral involvement in
MR neurography.'* However, in another retrospective study,
Sneag et al'® characterized lesion distribution in 27 patients with
brachial neuritis by using high-resolution MRI and did not note
plexus involvement but focal constrictions of nerves off of the
plexus as a major change on imaging with patients with brachial
neuritis. In this study, all patients had at least 1 clinically involved
nerve. MRI revealed that the plexus appeared normal in 24 of 27
patients; in 3 other patients, signal hyperintensity was seen imme-
diately proximal to the takeoff of abnormal side or terminal
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branch nerves. Focal intrinsic constric-
tions were detected in 32 of 38 nerves.
The authors concluded brachial neu-
ritis (Parsonage-Turner Syndrome) is
>characterized by 1 or more mono-
neuropathies rather than changes
involving a portion of or the complete
plexus proper. Additionally, Sneag et al'®
observed HGCs along the involved ter-
minal branches in 90.2% of patients of
a total of 123 patients with brachial
neuritis with 3T MR neurography per-
formed within 90 days of EDX studies.

Our study of postprocedural brach-
ial neuritis supports the involvement of
the plexus and roots as the supraclavic-
ular plexus, particularly the C5 root, C6
root, and/or upper trunk, was always
involved (Figs 2-4). There was variable
branch involvement with suprascapu-
lar, long thoracic, and axillary nerves
most affected on imaging in one-half of
the patients. Differences in imaging fea-
tures of brachial neuritis between our
study and other published studies, par-
ticularly with regards to plexus versus terminal branch involve-
ment and incidence of HGC along involved nerves, may be due
to several reasons. These include differences in patient population
(all our patients had postprocedural brachial neuritis), sample
size, differences in scan protocols, and/or imaging at different
time points from symptom onset.

The cause of HGCs along nerves in patients with brachial
neuritis is not well understood.'”” During explorative surgeries,
HGCs are characterized by a very focal constriction of a nerve
or part of it (1 or more fascicles), usually associated with nerve
thickening proximally and distally to the constriction.'” Histology
reveals complete loss of myelinated fibers at the HGC site. It is not
known whether the number and severity of constrictions correlate
with impaired function or recovery. There is some evidence that
neurolysis of HGC may result in improved outcomes.'’ ™" Based
on available evidence, it appears likely, however, that the identifica-
tion of HGCs with MR neurography is specific for and supports a
clinically suspected diagnosis of brachial neuritis."

From the surgeon and neuroradiologist perspective, recogni-
tion of the clinical and imaging presentation of brachial neuritis
is particularly important, as brachial neuritis may mimic iatro-
genic neurologic deficits. Consideration of brachial neuritis in the
differential diagnosis is important for surgeons who operate on
the cervical spine or shoulder as this diagnostic consideration
helps the surgeon to request relevant diagnostic and imaging
tests and involve specialists from neurology and radiology.
Sudden pain and weakness due to brachial neuritis following a
procedure could be erroneously diagnosed as a surgical complica-
tion leading to loss of patient trust and misguided medical mal-
practice claims.

Appropriate diagnosis is also important to ensure the optimal
treatment. If the diagnosis is made within 4 weeks, a course of



oral corticosteroids is recommended, which can help improve
patient pain.” Intravenous immunoglobulin may be an alternative
if corticosteroids are contraindicated.” Targeted rehabilitation
that focuses on proper movement of the shoulder and avoiding
overuse can prevent or improve scapular dyskinesia and chronic
pain.? This is important as typical physical therapy for shoulder
weakness focuses on increasing strength, which can worsen
function in these patients. Unfortunately, the recovery pro-
cess is lengthy, and many patients are left with residual pain
or weakness. In our case series, while all patients experienced
relative improvement, all continued to experience residual
mild-moderate weakness at the last follow-up. In select cases,
surgical intervention may be considered.'” Recurrence risk is
important to discuss with patients, especially if they are con-
sidering another procedure and have concerns about another
episode. The risk of a single recurrence is about 20% in all
patients with brachial neuritis, regardless of whether an ante-
cedent event was present.”

This study has several limitations, including its retrospective
nature. Further, while this study represents one of the larger
series focusing on postprocedural brachial neuritis and
MR imaging, the series is limited by its small number of
6 patients. In addition, while we employed strict inclusion cri-
teria, permitting brachial neuritis cases to be classified as
postprocedural only if symptoms presented within 2 months,
it is not possible to definitively attribute each case of brachial
neuritis to a procedural antecedent event. Further, as recogni-
tion and diagnosis of brachial neuritis is difficult, the 6
patients in our series underwent various EDX protocols
(selected by the electromyographer based on clinical presen-
tation) and had MR neurogram imaging at various intervals
in their disease course—these differences may have affected
the findings that we describe. Finally, while we followed some
patients in our series for multiple years, longer-term follow-
up is required to better characterize the chronic disease
course and recovery process.

CONCLUSIONS

Postprocedural brachial neuritis is an uncommon and under-rec-
ognized cause of acute upper extremity pain and weakness. MR
neurography, with clinical guidance, can exclude iatrogenic and
other causes of postprocedural upper extremity pain and weak-
ness and document the presence of HGCs in affected nerves.
These changes can occur early in the course before denervation
changes are evidenced by EDX.

Early recognition may allow for appropriate treatment and
interventions. Neurologists and surgeons, especially those who
operate at and around the cervical spine and shoulder, should
include postprocedural brachial neuritis in their differential for
cases of upper arm/axial pain and weakness. Misdiagnosis of this
idiopathic condition may lead to concerns of surgical complica-
tions and lead to inappropriate medical malpractice claims.
Diagnostic neuroradiologists should be aware of this clinical en-
tity and associated neuroimaging findings.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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