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Imaging brachial plexus pathology

James Thomus Putrick Decourcy Hallinunh, MBChB; Mini N. Pathria, MD; und Brudy K. Huany, MD

rachial plexus disorders can be

diagnostic challenges, owing to

the region’s complex anatomy
and nonspecific symptomatology. MRI
remains the best modality for assessing
the brachial plexus (BP), due to its su-
perior soft-tissue contrast compared to
CT or ultrasound. Trauma is the most
common cause of BP dysfunction,
closely followed by tumor infiltration.
Infection, inflammation and iatrogenic
causes are less common. This review
article will provide an overview of anat-
omy and practical, up-to-date BP imag-
ing techniques for general radiologists,
followed by a step-wise discussion of
common pathology. Clinically relevant
advances such as dynamic thoracic out-
let MRI will also be discussed.

Anatomy

The BP provides motor innervation
to the ipsilateral chest, shoulder, and
upper limb with the exception of the tra-
pezius, which is supplied by the spinal

Dr. Hallinan is a Radiologist with the
National University Health System, Sin-
gapore, and an Assistant Professor of
Radiology at the Yong Loo Lin School
of Medicine, Singapore; Dr. Pathria
and Dr. Huang are Radiologists with the
UC San Diego Health System. Dr. Path-
ria is a Professor, and Dr. Huang is an
Associate Professor of Radiology at the
San Diego Medical Center, University
of California, San Diego, CA. None of
the authors have conflicts of interest to
declare.

FIGURE 1. Schematic drawing showing the major components of the brachial plexus. Some
of the smaller nerves that arise from the brachial plexus have been omitted, as they are dif-
ficult to visualize on routine MRI. Note the relationship of the nerves relative to the muscles,

vessels, and osseous structures.

accessory nerve. It is divided anatomi-
cally into roots, trunks, divisions, cords,
terminal and collateral branches (Figure
1). These constituents may best be re-
called using this mnemonic: Radiology
(roots) Technicians (trunks) Drink (di-
visions) Cold (cords) Brew (terminal
branches) Coffee (collateral branches)
—a slight divergence from the usual
alcohol-based memory tools.

The BP roots arise from the C5-T1
ventral rami of the spinal cord, with

variable C4 and T1 contributions. As a
result, the “roots” are actually the ven-
tral rami of the spinal nerves formed
from the dorsal and ventral rootlets
arising from the spinal cord.! Although
“roots” is a misnomer, the term is well
established in the literature and will be
used throughout this article.

The roots exit through their respec-
tive neural foramina, and travel between
the anterior and middle/posterior sca-
lene muscles in the interscalene triangle,
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FIGURE 2. Normal anatomy of the brachial plexus. Coronal T2W IDEAL (fat- FIGURE 3. Normal anatomy of the brachial plexus roots. Sagit-

saturated) MIP sequence. The brachial plexus roots (R) are well-demon- tal T1W image of the brachial plexus at the level of the roots, just

strated, exiting above their respective vertebral bodies; eg C5 exits at C4-5.

lateral to the exit foramina. The first rib (solid arrow) interposes

The roots travel obliquely in an inferolateral direction to form the trunks and between the C8 and T1 nerve roots.
divisions (T/D). IDEAL- Iterative decomposition of water and fat with echo
asymmetry and least-squares estimation, MIP- Maximum intensity projection.

FIGURE 4. Normal anatomy of the brachial plexus trunks. Sagittal
T1W image of the brachial plexus trunks at the interscalene triangle
(between the anterior and middle scalene muscles). The subclavian
artery (a) is closely related to the lower trunk with the vein (v) located
more anteriorly. UT- Upper trunk, MT- Middle trunk, LT- Lower trunk.

or space (Figures 2, 3). Lateral to the
middle scalene muscle the three trunks
are formed: C5 and C6 combine into the
upper trunk, C7 continues alone as the
middle trunk, and C8 and T1 combine
to form the lower trunk (Figures 2, 4).
The trunks traverse posterosuperior to
the subclavian artery behind the clavicle

and each divides into anterior and poste-
rior divisions within the costoclavicular
space. The vessels lie inferiorly at the
costoclavicular space with the subcla-
vian vein anterior to the artery. >* This
space, bounded by the clavicle superi-
orly, subclavius muscle anteriorly, and
the first rib and middle scalene muscle

FIGURE 5. Normal anatomy of the brachial plexus cords. Sagittal T1W
image of the brachial plexus cords at the costoclavicular space (clavicle
shown by the solid arrow). The subclavian artery (a) is closely related
to the lateral and medial cords with the vein (v) located more anteriorly.
LC- Lateral cord, MC- Medial cord, PC- Posterior cord.

posteriorly, is a common site of BP and
subclavian vascular compression.

The conversion of the six divisions
into three cords occurs at the lateral bor-
der of the first rib (Figure 5). The cords
extend into the retropectoralis minor
space and can be readily identified due
to their relationship to the axillary artery;
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IMAGING BRACHIAL PLEXUS PATHOLOGY

Table 1. Innervation of the terminal roots, cords and branches of the BP

Roots Cords Branches Innervates

C5,C6, C7 Lateral Musculocutaneous  Anterior compartment upper arm

C5,C6 Posterior Axillary Deltoid and Teres minor

C5,C6,C7,C8, T1 Posterior Radial Posterior compartment of upper and lower arm
C5,C6,C7,C8, T1 Medial and Lateral = Median Anterior compartment forearm

C7,C8,T1 Medial Ulnar Intrinsic hand muscles

Table 2. 3T GE protocol at our institution

MRI sequence FOV (cm) Slice thickness TR/TE (ms) Matrix
(mm)

3D* T1 coronal Cube bilateral ~ 34-38 1.2 650/16.7 320 x 320
3D T2 coronal IDEAL bilateral ~ 34-38 1.2 6000-6500/60-75 (long sequence 8 min) 320 x 320
3D T2 FS coronal bilateral 34-38 1.6 2500/85 320 x 320
T1 axial bilateral 16-18 3 500-600/9 320x 192
T2 coronal IDEAL ipsilateral 16-18 3 6000-6500/60-75 224 x 160
T2 sagittal IDEAL ipsilateral 16-18 3 6000-6500/60-75 224 x 160

Additional thoracic outlet (TOS) post IV contrast
1) TRICKS coronal angiogram post-contrast
2) Coronal T1 LAVA post-contrast bilateral arms down
FOV 34-38 cm, Slice thickness 3mm, TR/TE 6.3/3.1, matrix 300 x 200
3) Coronal T1 LAVA post-contrast bilateral arms up (same parameters as above)

IDEAL = lterative Decomposition of water and fat with Echo Asymmetry and Least-squares estimation. TRICKS = Time Resolved Imaging of Contrast
KineticS. LAVA = Liver Acquisition with Volume Acceleration.
*3D sequences can be reformatted in any plane (typically sagittal T1W obtained)

The medial cord lies posteroinferiorly,
lateral cord anterosuperiorly and poste-
rior cord posterosuperiorly. The cords
divide into five major terminal branches
at the lateral border of the pectoralis
minor: the median, ulnar, radial, mus-
culocutaneous and axillary nerves.* In
addition there are numerous (~11) col-
lateral branches that exit along the BP
more proximally, eg,, suprascapular
nerve from the superior trunk. Table 1
shows the innervation of the cords and
terminal branches.

MR imaging protocol

Accurate visualization of the BP from
the roots to terminal branches must take
into consideration its oblique supero-
medial to inferolateral course. As such,
oblique coronal and sagittal images are
preferred, but not mandatory. Our pro-
tocol utilizes initial large field of view
images for bilateral comparison of the
brachial plexuses. These are typically

performed with TIW fast spin echo im-
ages and three-dimensional T2W fat-
suppressed sequences, which allows for
multiplanar reconstructions. In a high-
volume facility, isotropic imaging can
shorten imaging time and decrease the
need for custom-tailored exams.*
Dedicated, multiplanar, small field of
view images of the affected plexus are
then performed. Coronal T2W fat-satu-
rated sequences are useful for assessment
of abnormal neural edema and enlarge-
ment; TIW sagittal images are espe-
cially useful for assessment of fat planes
along with surrounding bony and mus-
cular anomalies; eg, cervical ribs. 7 High
resolution, axial, pre-ganglionic, T2W
images of the cervical region and nerve
roots are also performed. These are use-
ful for assessment of traumatic nerve root
avulsions and pseudomeningoceles.>>
Both 1.5T and 3T platforms may be
used, with a sample protocol shown in
Table 2 (For 3T only). 3T is preferred

due to better resolution and signal-to-
noise profile over 1.5T, with 1.5T re-
served for patients with hardware or
contraindications to 3T. Neurovascular
surface coils or a wrap-around body coil
can be utilized.

Intravenous gadolinium-based con-
trast is not routinely required for BP
imaging as most nerve pathology is
well assessed on the high-resolution,
fat-suppressed T2W images. Contrast
administration is typically required in
cases of suspected infection or tumor
infiltration. Contrast allows for more
accurate assessment of disease extent,
identification of drainable collections
and characterization of focal masses,
such as neurogenic tumors.!#

Another common indication for
imaging is thoracic outlet syndrome
(TOS). The aim is to assess for the site
of vascular and/or neural compression,
which is typically at the costoclavicular
space and may involve anomalous ribs
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FIGURE 6. Brachial plexus traumatic preganglionic avulsions in a 20-year-old man with left-sided brachial plexus injury following a bicycle
accident. High-resolution, axial T2W, fat-saturated MRI (A) shows a large, left pseudomeningocele (*) at C5-6, which extends from C5 to C7
(not shown), with complete avulsion of the left ventral and dorsal C6 rootlets (normal rootlets are seen on the right side). Coronal, T2W, fat-
saturated MRI (B) shows avulsion and distal retraction of the left C5 (solid arrow) and C6 (dashed arrow) nerve roots, with stretching and partial
disruption of the left C7 nerve root (arrowhead). There is extensive edema within the trunks and divisions of the left brachial plexus. The normal
right-sided brachial plexus roots can be seen for comparison.

or musculature, or fibrous bands. +# Pro-
vocative maneuvers, such as arm raising
and head turning, can unmask the extent
and location of the compression. Bilat-
eral coronal TIW sequences and post-
contrast MR angiography are commonly
performed in each position (Table 2).

Diffusion tensor imaging (DTI) with
fiber tractography has the potential to
detect microstructural abnormalities
beyond the resolution of conventional,
anatomic MRI sequences. It is still an
experimental tool, but has been shown
to detect tract disruption, infiltration and
internal disorganization, which could
allow for earlier diagnosis of neoplastic
or inflammatory neuropathies.>*-10

CT of the brachial plexus

CT also plays a role in the diagnosis
of BP pathology. Extension of neoplas-
tic disease into the plexus (eg, Pancoast
tumor), rib and clavicle anomalies, and
adjacent fractures and hematomas can
be visualized. CT angiography also
provides a high-resolution and rapid as-
sessment of arterial and venous patency
in trauma and TOS.

Ultrasound of the brachial plexus
Ultrasound of the BP is techni-
cally feasible, but challenging due to

the complex anatomy and bony rela-
tions.'"12 In skilled hands, it is a useful
bedside tool for assessing traumatic BP
injury and is routinely used by anesthe-
siologists to perform nerve blocks.!? It
is also commonly used for dynamic vas-
cular assessment in suspected TOS.'415
Lapeque et al (2014) provide a practical
review on BP ultrasound. However, for
the majority of BP injuries, MRI remains
the standard examination, with ultra-
sound as a useful adjunct.

Brachial plexus lesions

BP lesions can be classified broadly
into two categories: traumatic and non-
traumatic lesions.'® Traumatic lesions
form the majority of BP injuries, and
are the major indication for imaging.
Non-traumatic lesions are a heteroge-
neous group encompassing neoplastic
processes, infection/inflammation and
functional neurovascular compression
or TOS."

Trauma

Motor vehicle accidents are respon-
sible for the majority of traumatic BP
injuries. Traumatic traction on the BP
can lead to proximal spinal nerve root
avulsion (pre-ganglionic) or more distal
rupture (post-ganglionic).'8

Clinical examination of the neuro-
logical injury should be documented
promptly to determine the site and clini-
cal course of lesions (recovery or stable
deficit) and whether surgery is indi-
cated. Upper limb paralysis is complete
in approximately 75% of patients, with
a supraclavicular site of injury seen in
72% of cases. 1 Delineation of the site
of injury is important for prognosis and
management. Pre-ganglionic injuries
may require early (<3 months) recon-
struction using nerve transfers, whereas
postganglionic injuries may be repaired
after a longer period of observation.'

Identification of pre-ganglionic le-
sions requires high-resolution 3D T2W
images, which are typically viewed in
the axial plane (Figure 6). Intradural
nerve rootlets should be assessed for
integrity from the root entry zone to the
dorsal root ganglion within the neural
foramen. These injuries are associated
with traumatic pseudomeningoceles
in 80% of cases.!*12 Other common
associated findings in pre-ganglionic
avulsion include contralateral cord dis-
placement, syrinx, epidural hematoma
and spinal cord edema. The posterior
paraspinal musculature should also be
assessed for denervation edema, which
can occur due to a nerve root avulsion
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FIGURE 7. Brachial plexus traumatic postganglionic avulsions in a 39-year-old man following a motorcycle accident. Coronal T2W, fat-satu-
rated MRI (A) of the right brachial plexus shows apparent discontinuity of the postganglionic C5 and C6 nerve roots (between the arrowheads).
There is extensive downstream edema within the upper trunk of the right brachial plexus (solid arrow). On sagittal T2W, fat-saturated MRI
sequences (B-medial and C-lateral at the shoulder girdle) there is an absence of the C5 nerve root at the expected position compatible with
complete avulsion (solid arrow in B), with diffuse enlargement of the C6 nerve root, likely due to severe stretching (dashed arrow in B). Associ-
ated denervation edema and atrophy of the right shoulder girdle musculature, including the rotator cuff muscles (arrowheads in C) and deltoid

muscle (dashed arrows in C), are seen.

FIGURE 8. Nodal metastases with extracapsular extension at the
brachial plexuses in a 67-year-old man with known thyroid car-
cinoma. Coronal, contrast-enhanced, T1W, fat-saturated MRI
sequence shows numerous, enhancing, bilateral nodal metastases
(arrowheads) with extensive involvement of the brachial plexuses
and axillary regions (best seen on the left). There are additional
pleural metastases at the left lung apex (solid arrow) with mediasti-

nal lymphadenopathy (open arrow).

at or before the dorsal root ganglion.
Stretching or incomplete avulsion of
the pre-ganglionic rootlets is more
challenging to diagnose, and may be
suggested when there is differential en-
hancement of the rootlets.!”
Post-ganglionic avulsions distal to
the neural foramina typically occur

surgical resection.

proximally at the scalene triangle, but
may variably involve the trunks to dis-
tal branches. These can also be partial or
complete; complete ruptures are usually
associated with distal nerve retraction
(Figure 7). Another finding is nodular
thickening and mild enhancement due to
a post-traumatic neuroma in continuity.

FIGURE 9. Pancoast (superior sulcus) tumor with invasion of the bra-
chial plexus in a 43-year-old man. Coronal T2W, fat-saturated MRI
shows a Pancoast tumor at the left lung apex (solid arrow) with exten-
sion into the lower neck and involvement of the mid to lower roots
(mainly C6-T1) and trunks of the brachial plexus (dashed arrows). There
was additional encasement of the left subclavian artery and vein (not
shown), which along with the extensive neural involvement, precludes

Indirect findings include formation of
hematomas at the site of avulsion and de-
nervation edema and enhancement at the
shoulder girdle musculature.! 20

MRI is the mainstay for diagnosis,
although ultrasound can provide an ac-
cessible bedside examination in critically
injured patients. '! Ultrasound can be
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FIGURE 10. Metastatic versus radiation plexopathy in a 67-year-old woman with metastatic breast carcinoma (known pulmonary metastases).
Coronal, contrast-enhanced, T1W, fat-saturated MRI sequence (A). Additional coronal reconstruction from a subsequent FDG-PET/CT (B).
There is extensive contrast-enhancement of the right brachial plexus, extending from the trunks to the axillary region (solid arrow). Prior scans
had shown less marked aggregation and enhancement, likely in favor of post-radiotherapy plexopathy (images not shown). Due to the interval
progression, metastatic disease was a key consideration and an FDG-PET/CT confirmed the presence of avid FDG uptake along the brachial
plexus (solid arrow). This was highly suspicious for metastatic disease and a biopsy was confirmatory. In equivocal cases, FDG-PET/CT is a
useful tool to distinguish radiation versus metastatic plexopathy.

FIGURE 11. Post-radiation brachial plexopathy in a 563-year-old with metastatic hypopharyngeal squamous cell carcinoma. Coronal, T2W, fat-
saturated MRI sequence (A) and a coronal reconstruction from a subsequent FDG-PET/CT (B). There is extensive T2W hyperintense aggrega-
tion and thickening of the left brachial plexus (solid arrow in A), involving the roots through to the cords with overlying soft tissue and muscular
thickening and edema. There is nodular soft tissue at the left lung apex (dashed arrow) with altered signal at the left first and second ribs (arrow-
heads in A). Compared to the pre-radiation studies (not shown) the edema and neural thickening showed interval increase in extent with no new
focal mass. Along with the paucity of FDG avidity at the left brachial plexus (solid arrow in B) and thoracic inlet on the PET/CT, these findings
were compatible with post-radiation plexopathy, left apical fibrosis and post-radiation osteonecrosis of the ribs. Continued surveillance was rec-
ommended as this patient remained at high risk of recurrence.

used to assess for post-ganglionic inju-
ries at the interscalene triangle or distal
to the costoclavicular space. Thickening
or discontinuity of the trunks or cords
can be assessed using the contralateral
side as a readily accessible control. 10112

CT myelography also remains an accu-
rate technique for assessing pre-gangli-
onic avulsions with clear depiction of the
intradural rootlets.'”!

Plexus traction injuries in neonates
are well-recognized, although they are

uncommonly imaged. Traction on the
superior plexus at C5-7 (Erb-Duchenne
palsy) is more common than the inferior
plexus at C8 and T1 (Klumpke palsy).
These injuries are usually managed
conservatively, with surgery reserved
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FIGURE 12. Brachial plexus neurogenic tumors in a 47-year-old woman with chronic neck pain
and right arm numbness following a motor vehicle accident 2 years ago. Coronal T2W, fat-sat-
urated MRI sequences of the right brachial plexus show two round, T2W hyperintense masses
at the right brachial plexus. The dominant mass (solid arrow) involves the cords and branches
of the right brachial plexus at the costoclavicular space, with the smaller lesion (dashed arrow)
in the retropectoral space in close relation to the proximal branches. Both lesions demonstrate
a target sign (better seen at the dominant lesion), with relative central T2W hypointensity. These
findings are most compatible with schwannomas or neurofibromas. No surgical intervention is
planned at the current time with continued imaging follow-up advised.

for those with poor functional recovery
and suspected pre-ganglionic injury on
imaging. !-?2

Malignant neoplasms

Malignant involvement of the BP is
more common than primary benign le-
sions, and occurs in an older age group.
The BP can be infiltrated by primary
malignant tumors, local secondary ma-
lignancy or metastatic disease (Figure
8). Lesions arising directly from the
plexus include malignant peripheral
nerve sheath tumors and a plethora of
uncommon sarcomatous lesions (eg,
fibrosarcoma or radiation induced tu-
mors). Local malignant extension com-
monly occurs secondary to a Pancoast

tumor at the lung apex or due to a head
and neck carcinoma (Figure 9). -1
These lesions can involve multiple
structures including the vertebral bod-
ies, ribs and clavicle with compression
and direct invasion of the neural and
vascular structures. Clinically, there is
usually pain followed by paraesthesia
and weakness at the upper limb, pre-
dominantly involving the inferior trunk
and spinal nerves in a Pancoast tumor.
In addition, adjacent infiltration of the
sympathetic chain (stellate ganglion)
may result in Horner’s syndrome >
Metastatic disease of the BP com-
monly arises in the adjacent regional
lymph nodes. In particular, breast carci-
noma can metastasize along the axillary

and supraclavicular nodes resulting in
focal masses or even diffuse plexus infil-
tration (Figure 10). Head and neck carci-
nomas and lymphoma are other common
causes of metastatic infiltration.'!7

MR imaging for suspected malig-
nant involvement should include post-
contrast sequences to assess for focal
masses and any perineural or leptomen-
ingeal enhancement extending to the
spinal cord. The imaging report should
also document potential involvement
of the ipsilateral vertebral artery, which
could be further evaluated using MR
angiography.'%

Radiation plexopathy

Any discussion of malignant infil-
tration at the BP is incomplete without
considering treatment complications.
Radiotherapy is utilized for numer-
ous malignancies and secondary nodal
disease at the plexus, including breast,
lung and head and neck carcinomas.
Radiotherapy is a common cause of
non-traumatic plexus injury with histol-
ogy showing fibrous tissue sheathing
the plexus and underlying neural degen-
eration. As in other forms of plexopathy,
parasthesias dominate the clinical pic-
ture, with motor loss less common.!:13:17

On imaging, it is challenging to dif-
ferentiate radiation plexopathy from
recurrent/residual tumor. MRI of ra-
diation plexopathy in the acute phase
(<6months) appears as a non-specific
plexopathy with diffuse neural thick-
ening, T2W hyperintensity and mild
enhancement (Figure 11). In the more
chronic fibrotic phase MRI can dem-
onstrate T2W and T1W hypointense
thickening without a focal mass. En-
hancement is variable in the fibrotic
phase, again making differentiation
from tumor challenging. >* Clinical his-
tory is crucial to assess for this entity,
with information such as radiation dose
(Iess likely if less than 50Gy) and time
course (peak presentation is several
years after therapy) especially useful.
When doubt remains, early follow-up
MRI or additional FDG PET-CT, which
can assess for recurrent hypermetabolic
tumor, can be utilized 3*

16 W  APPLIED RADIOLOGY

November-December 2019



IMAGING BRACHIAL PLEXUS PATHOLOGY

SA-CME

DETAILS ON PAGE 9

FIGURE 13. Brachial plexus neuritis in a 23-year-old male with poorly controlled diabetes, acute left arm weakness in a C5-6 distribution and
worsening recent right lower limb pain and weakness. Coronal (A) and sagittal (B) T2W, fat-saturated (IDEAL) sequences of the brachial plex-
uses and left shoulder girdle musculature are shown. There is hyperintensity at the C5 and C6 roots and upper trunk (solid arrow in A), which
is suggestive of neural edema and inflammation with no discrete mass detected. At the left shoulder girdle there is T2W hyperintensity at the
rotator cuff musculature, mainly involving the supraspinatus (arrowhead) and infraspinatus (dashed arrow). These findings are compatible with
a brachial plexus neuritis and acute muscle denervation, predominantly involving the distribution of the suprascapular nerve. Given the clinical
history these findings could relate to a diabetic polyneuropathy multiplex or Parsonage-Turner syndrome. Unfortunately, the patient was lost to
follow-up. IDEAL-Iterative decomposition of water and fat with echo asymmetry and least-squares estimation.

Benign neoplasms

Numerous benign lesions can arise di-
rectly from or in the vicinity of the BP.
Peripheral nerve sheath tumors (PNST)
such as schwannomas and neurofibro-
mas are the most common primary be-
nign lesion of the BP. 2 The majority
of PNST are not associated with under-
lying neurofibromatosis. Patients usu-
ally report a painless supraclavicular
mass without parasthesia or weakness.
A positive Tinel sign may be present.
On imaging the lesions are usually well-
circumscribed, ovoid (parallel to the
course of the BP), with T2W hyperin-
tensity and avid enhancement. A target
sign may also be demonstrated (more
commonly in neurofibromas) consisting
of central low signal and surrounding pe-
ripheral T2W hyperintensity (Figure 12).
Schwannomas may also demonstrate the
salt and pepper fascicular sign, and can
undergo degenerative cystic changes
(ancient schwannoma).! 2

Other compressive benign lesions
arising in the vicinity of the BP include
lipomas, fibroproliferative conditions,
and vascular lesions (eg hemangioma,

arteriovenous malformations or pseu-
doaneurysms).?*

Lipomatous lesions are well char-
acterized on both ultrasound and MRI.
On T1W and T2W images the lesions
are hyperintense with loss of signal on
fat suppression. Differentiating lipomas
from low-grade liposarcomas remains
difficult, although imaging features
such as numerous thick septations, ex-
tensive non-fatty components and a
large size (>10cm) suggest a more ma-
lignant potential .’

Fibroproliferative conditions can
present as large masses and include fi-
bromatosis (locally aggressive extra-
abdominal desmoid tumor) and nodular
fasciitis. The former is typically pain-
less with MRI demonstrating avid en-
hancement, heterogeneous T2W and
hypointense T1W signal and infiltrative
margins. In contrast, nodular fasciitis
usually presents as a markedly tender
mass with similar MR signal charac-
teristics but less marked enhancement.
Surgical resection is typically curative
in nodular fasciitis, whereas fibroma-
tosis is prone to recurrence following

resection and is therefore difficult to
treat. For this reason, close MRI follow-
up is common in fibromatosis, and may
coincide with additional radiation or che-
motherapy.!>17-28

Brachial plexitis

Inflammation of the BP, termed bra-
chial plexitis, typically presents with
acute onset of severe shoulder pain,
parasthesias and delayed weakness
with muscular atrophy. On clinical
follow-up the typical clinical course of
pain improvement followed by muscle
weakness can differentiate the condi-
tion from cervical spondyloarthropathy.
The supraspinatus nerve is most com-
monly affected (~97%) and is involved
solely in half of cases.!317

The cause of brachial plexitis re-
mains uncertain with viral, post-vac-
cination or auto-immune mechanisms
postulated. It is therefore usually
termed acute sporadic brachial plexi-
tis or Parsonage-Turner syndrome. 8 A
subset of brachial plexitis can occur due
to autosomal dominant hereditary neu-
ralgic amyotrophy. Another condition
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FIGURE 14. A 30-year-old man with mild neurogenic symptoms (numbness and tingling without weakness) during overhead activities. B-mode
ultrasound was performed for suspected bilateral thoracic outlet syndrome with arms up and down as indicated. Dynamic imaging demon-
strates narrowing of the subclavian veins upon arm raising at the costoclavicular spaces. These changes are more apparent on the left-side
(solid white arrows highlight the caliber of the subclavian veins). This patient did not want to proceed with MRI, which would allow better evalua-
tion of any neural compression or underlying compressive lesion.

to be aware of is chronic inflammatory
demyelinating polyneuropathy, which
is rare but classically leads to marked,
diffuse thickening of the cervical nerve
roots and plexus.

MRI is the preferred examination and
in the acute phase may show denervation
edema in the shoulder girdle muscula-
ture, which can progress to fatty atrophy
with chronicity (Figure 13). Less com-
monly, MRI can show nerve root thick-
ening and edema with increased T2W
signal.!”?* Contrast administration is not
strictly required, but can highlight neural
enhancement, indicative of ongoing ac-
tive inflammation. Practically, the major
role of MRI is to exclude a compressive
mass, which may require surgical in-
tervention. Ultrasound does not have a
major role in brachial plexitis, but may

highlight fatty atrophy of the shoulder
girdle musculature, and can also exclude
compressive lesions; eg, a spinogle-
noid notch cyst leading to suprascapular
nerve compression.' 13

Infection

Infection of the BP is uncommon
and can occur secondary to penetrating
trauma or adjacent soft tissue infection,
vertebral osteomyelitis, septic arthritis
of the glenohumeral joint or direct exten-
sion of infection from the lung apex. In
patients with suspected infection, espe-
cially the immunocompromised, there
should be a low threshold for contrast-
enhanced MRI. This allows for assess-
ment of infective extent, any adjacent
primary source; eg,spinal infection, and
for any fluid collections, which could

then be targeted for aspiration or surgical
debridement. Numerous pathogens are
implicated with bacterial infections most
common, especially staphylococcus au-
reus or tuberculosis.!?0

Thoracic outlet syndrome
Compression of the subclavian vessels
and BP as they traverse the thoracic outlet
may produce symptoms such as pares-
thesia, pain, or swelling. Three potential
sites of entrapment exist: interscalene tri-
angle, costoclavicular space (most com-
mon site of arterial compression) and the
retropectoralis minor space. 8! The clini-
cal evaluation of this syndrome is chal-
lenging, and provocative ultrasound and
MRI can be used in tandem to aid diag-
nosis. Ultrasound can provide real-time
evaluation of vessel stenosis or occlusion
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FIGURE 15. A 19-year-old male with numbness in an ulnar distribution at both hands on arm raising, more marked on the left. Contrast-
enhanced MR angiography was performed using Time Resolved Imaging of Contrast KineticS (TRICKS) for suspected thoracic outlet syn-
drome. Dynamic imaging with arms up and down demonstrates narrowing of the subclavian veins upon arm raising. These changes were more
apparent on the left-side with >50% narrowing (solid white arrows). No evidence of neural edema or thickening was seen to suggest neural
impingement (images not shown).

FIGURE 16. A 30-year-old woman with intermittent right arm swelling and pain. Contrast-enhanced MR angiography (A and B with arms
raised) was performed using Time Resolved Imaging of Contrast KineticS (TRICKS) for suspected thoracic outlet syndrome. The arterial phase
(A) shows narrowing of the right subclavian artery (solid arrow) at the costoclavicular space. Minimal narrowing of the contralateral left subcla-
vian artery is also apparent. On the venous phase (B) there is narrowing of both subclavian veins, more marked on the right (dashed arrow) in
the same region. Coronal T2W, fat-saturated MRI of the right brachial plexus (C) shows additional edema and enlargement of the trunks and
proximal divisions of the brachial plexus (arrowhead), again at the costoclavicular space. No enlargement or edema of the nerves was noted on
the left-side (images not shown). These findings were compatible with right-sided neurovascular thoracic outlet syndrome. There was an incom-
plete improvement with physical therapy, so the patient underwent external neurolysis of all the brachial plexus trunks, anterior and middle
scalenectomy, and resection of the first rib. After 4 months follow-up there was >70% improvement and the patient resumed athletic activities.

callus formation, fibrous bands or neo-

using B-mode and Doppler imaging (Fig-
ure 14). MRI can then provide high-res-
olution anatomical detail to highlight the
site of compression (Figure 15) .13
Provocative maneuvers typically
involve arm hyperabduction, which

accentuates any narrowing at the cos-
toclavicular and retropectoralis minor
spaces. The syndrome may result from a
variety of causes including a cervical rib,
anomalous muscle (eg, subclavius pos-
ticus muscle), clavicular fractures with

plastic lesions.!'73233:3 Djagnosis can
be challenging as some degree of venous
compression is apparent in most asymp-
tomatic patients on arm abduction.*® In
this regard, bilateral imaging may high-
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light the region of abnormal narrowing
on the symptomatic side (Figure 16).

Cervical spondylosis

Due to the vague and non-specific
symptoms of BP lesions, it is important
to first exclude much more common cer-
vical spondylotic changes. Disc bulges,
osteophytes, uncovertebral and facet
joint arthropathy can combine to cause
cervical cord and/or nerve root compres-
sion. Although the cervical spine is cov-
ered to some degree on BP protocols,
initial dedicated cervical spine MRI may
identify the cause of the clinical com-
plaint avoiding the need for the more
time intensive BP examination.

Conclusion

The BP can be imaged in detail using
dedicated MRI protocols, which allow
for accurate interpretation by the radi-
ologist. A dedicated BP protocol should
include bilateral coronal and unilateral
sagittal sections to identify normal anat-
omy and highlight pathology. A plethora
of lesions occur at the BP, predominantly
associated with trauma, but also includ-
ing primary and secondary neoplasia,
inflammation and less commonly infec-
tion. Practical reporting should include
the site of the BP lesion (pre versus post-
ganglionic), involved segment (eg, root,
division, etc.), and any associated mass
or compressive structure (eg, cervical
rib). In the latter, a dedicated thoracic
outlet MRI protocol in tandem with
Doppler ultrasound can be used to assess
dynamic changes in adjacent subclavian
vascular caliber and flow.
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