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Abstract Tumours of the brachial
plexus are rare lesions and may be
classified as benign or malignant.
Within each of these groups, they are
further subdivided into those that are
neurogenic in origin (schwannoma,
neurofibroma and malignant periph-
eral nerve sheath tumour) and those
that are non-neurogenic. Careful pre-
operative diagnosis and staging is es-
sential to the successful management
of these lesions. Benign neurogenic
tumours are well characterized with

T1-weighted images and show the
“target sign” on T2-weighted images.
Differentiation between schwannoma
and neurofibroma can often be made
by assessing the relationship of the
lesion to the nerve of origin. Many
benign non-neurogenic tumours, such
as lipoma and fibromatosis, are also
well characterized by MRI. This arti-
cle reviews the imaging features of
brachial plexus tumours, with partic-
ular emphasis on the value of MRI in
differential diagnosis.

Brockley Hill, Stanmore, HA7 4LP UK
e-mail: Asaifuddin@aol.com

Tel.: +44-208-9542300 ext 5443

Fax: +44-208-9540281

Introduction

The brachial plexus is not uncommonly involved by ma-
lignant tumours of the lung apex and breast, or as a
result of radiotherapy. Less commonly, malignant bone
tumours, such as osteosarcoma, arising from the cervical
spine, clavicle or first rib may invade the plexus. How-
ever, primary lesions of the brachial plexus are rare. A
review of the published literature between 1886 and
1987 revealed 147 patients with tumours involving the
plexus, not including secondary extension from carcino-
mas of the lung or breast [1]. With regard to such
tumours, important questions that need to be answered
include whether or not the lesion is of neurogenic or
non-neurogenic origin; if neurogenic, then whether it is
benign or malignant; and if benign, whether it is a neuro-
fibroma or schwannoma. Also, the local extent must be
defined, particularly extension into the spinal canal.
Although the normal brachial plexus can be imaged
with ultrasound (US) [2, 3] and the US appearances of
benign nerve sheath tumours have been described [4, 5],

pre-operative MRI, appearing as
well-defined, oval soft-tissue masses,
which are typically isointense on
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tumours of the plexus are ideally imaged with magnetic
resonance imaging (MRI). MRI is of proven value in im-
aging various pathological processes related to the bra-
chial plexus [6, 7, 8, 9, 10, 11, 12, 13] and also in the
characterization of neurogenic [14, 15, 16, 17, 18, 19,
20, 21, 22, 23] and non-neurogenic soft-tissue tumours
[24, 25, 26]. This article reviews the relevant clinical and
radiological features of primary tumours of the brachial
plexus, with emphasis on the value of MRI in differential
diagnosis and local staging.

Anatomical considerations

The anatomy of the brachial plexus is complex, compris-
ing roots, trunks, divisions, cords and branches (Fig. 1)
[12,13, 27]. The plexus arises from the ventral rami of
the C5-T1 nerve roots, which lie between the anterior
and middle scalene muscles, adjacent to the subclavian
artery. At the lateral border of the scalene muscles, the
rami combine to form upper, middle and lower trunks.
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Fig. 1 The major anatomical relationships of the right brachial
plexus

The roots and trunks comprise the supraclavicular plex-
us. The divisions are formed as the plexus passes poste-
rior to the clavicle (the retroclavicular plexus) and they
combine to produce the three cords at the lateral border
of the first rib. The three cords are named according to
their relationship to the subclavian artery, being lateral,
posterior and medial. Just lateral to the pectoralis minor
muscle, the cords divide into the terminal branches. The
cords and branches comprise the infraclavicular plexus.

The brachial plexus is well imaged by MRI (Fig. 2).
The roots of the plexus are best demonstrated on axial
images as they exit the intervertebral foramina. The co-
ronal plane also demonstrates various sections of the
roots, trunks and cords. The three cords can be differen-
tiated on sagittal images, where their relationship to the
subclavian artery is optimally demonstrated [13].

There is no standard MRI technique for imaging the
plexus. However, the combination of coronal T1-weight-
ed spin echo (SE) and STIR sequences together with fat-
suppressed axial dual echo T2-weighted fast spin echo
(FSE) sequences will suffice in the majority of cases. A
sagittal T1- or T2-weighted FSE sequence best demon-
strates the relationship of a plexus tumour to the subcla-
vian artery. Routine use of intravenous contrast enhance-
ment is not required.

A basic knowledge of plexus anatomy is important
since it allows the differentiation of tumours arising from
the plexus from other anterior neck masses. Two factors
must be considered. The first is the anatomical plane of
the mass (Fig. 3). Tumours arising from the roots will lie
between the anterior and middle scalene muscles. The
second is the orientation of the mass. Primary neurogen-
ic tumours are typically oval in shape and lie with their
long axis parallel to the nerve of origin. Tumours arising
from the upper roots will therefore run in an oblique
direction from superomedial to inferolateral, whereas
tumours from the lower roots will run in a horizontal di-
rection. Tumours running in a vertical direction are un-
likely to arise from the plexus (Fig. 4) [28].

Clinical and surgical considerations

Approximately 20% of peripheral nerve tumours arise in
the brachial plexus [29]. Primary tumours of the brachial
plexus may present as painless masses, or with varying
combinations of paraesthesia, pain and neurological dys-
function. Examination findings include muscle weak-
ness, wasting and a positive Tinel’s sign [1, 29, 30, 31].
Cardinal clinical features of malignancy are pain at rest,
which typically prevents the patient from sleeping and is
resistant to opiates, progressive loss of neurological
function [30] and rapid growth of a tumour in patients
with neurofibromatosis type 1 (NF1).

Table 1 combines the results from two large series of
primary neurogenic brachial plexus tumours collected
over a period of 29 years [1, 32]. It is clear that the diag-
nosis of an individual lesion is related to the presence or
absence of NF1 (von Recklinghausen’s disease), which
was present in 30% of cases. Neurofibromas account for
over three-quarters of all lesions in the presence of NF1,
and are commonly multiple and plexiform in nature [1].
Conversely, in the absence of NF1, over 50% of lesions
will be solitary schwannomas. There is no significant
difference in the incidence of malignant peripheral nerve
sheath tumour (MPNST) between these two groups of
patients.

The importance of pre-operative differentiation be-
tween schwannoma and neurofibroma lies in the func-
tional outcome following excision, and thus in pre-oper-
ative counselling of the patient. Schwannoma is a well-
encapsulated tumour that arises from the Schwann cell
and displaces the nerve fascicles without infiltrating
them. Therefore, surgical excision is usually possible
without damaging the nerve. Conversely, plexiform neu-
rofibromas infiltrate the nerve fascicles and complete re-
section of the tumour will consequently result in perma-
nent nerve damage [13, 29]. Only solitary (as opposed to
plexiform) neurofibromas can often be removed without
nerve damage. With regard to MPNST, the major imag-
ing challenge is the identification of occult, proximal in-
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Fig. 2A-E MR anatomy of the normal brachial plexus. A Axial
T1-weighted SE image at the C7 vertebral level showing the roots
of the plexus (arrowhead) running in a plane between the scalenus
anterior (A) and scalenus medius (M) muscles. B Coronal T1-
weighted SE image showing the roots of the plexus (arrowhead)
lying on the scalenus medius muscle. Note also the proximity of
the lower roots to the lung apex. C Sagittal T1-weighted SE image
at the lateral margin of the scalenus anterior (A) muscle, which
separates the subclavian vein (double arrowhead) from the subcla-
vian artery (arrowhead). The trunks of the plexus (arrow) lie pos-
terior to the artery. D Sagittal T1-weighted SE image at mid-clavi-
cle (C) level showing the subclavian vein (double arrowhead), the
subclavian artery (arrowhead) and the medial, lateral and posteri-
or cords of the plexus (arrow). E Coronal T1-weighted SE image
showing the infraclavicular plexus (arrow) and its relationship to
the subclavian vein (double arrowhead) and subclavian artery (ar-
rowhead). Scalenus anterior (A) is also demonstrated
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Fig. 3 Axial T2-weighted FSE image of a patient with a referral
diagnosis of left brachial plexus tumour. However, the lesion is lo-
cated in front of the scalenus anterior muscle (A) and therefore
cannot be arising from the plexus. Histological diagnosis was sy-
novial sarcoma

traneural spread. Intradural extension of these tumours
renders the patient incurable by surgery alone. The rela-
tionship of any central lesion to the vertebral artery must
also be determined. If a malignant lesion involves the
vertebral artery, demonstration of a patent contralateral
vertebral artery may be achieved by magnetic resonance
angiography (MRA). However, if the vertebral artery has
to be sacrificed, the circle of Willis will need to be inves-
tigated with conventional angiography and balloon oc-
clusion of the ipsilateral vertebral artery, in order to de-
termine the vascular supply to the posterior fossa from
the contralateral vertebral artery (J. Allibone FRCS,
Consultant Neurosurgeon, personal communication).
Table 2 combines the results from the same two series
of primary non-neurogenic brachial plexus tumours [1,

Fig. 4 Coronal T1-weighted
SE image (left) and post-con-
trast T1-weighted SE image
(right) of a patient with a supe-
rior mediastinal mass which is
involving the lower roots of the
left brachial plexus. The mass
is orientated with its long axis
in the vertical direction. At sur-
gery, the lesion was found to be
a schwannoma of the vagus
nerve

32]. The commonest benign lesion was fibromatosis (ex-
tra-abdominal desmoid tumour), accounting for one-third
of the tumours. Other reported tumours included lipoma
(3 cases), myositis ossificans (3 cases), ganglioneuroma,
haemangioma, lymphangioma, myoblastoma, localized
hypertrophic neuropathy and branchial cleft cyst. A wide
variety of malignant non-neurogenic tumours were seen,
including metastases, osteosarcoma and Ewing sarcoma.
Other reported benign non-neurogenic tumours include
intraneural ganglion [33], elastofibroma [34] and fibroli-
pomatous hamartoma [35], whereas malignant non-neu-
rogenic tumours include radiation-induced sarcomas [36,
37, 38], synovial sarcoma [39], lymphoma [40] and neu-
roblastoma [41].

Table 1 Combined results of two major published series of prima-
ry neurogenic brachial plexus tumours collected over a 29-year
period and the relationship of neurogenic tumours to neurofibro-
matosis 1 (NFI) (MPNST malignant peripheral nerve sheath tu-
mour) [1, 32]

Tumour Number Number with NF1
Neurofibroma 59 (49%) 29 (81%)
Schwannoma 44 (37%) 1 (3%)

MPNST 17 (14%) 6 (16%)

Total 120 (100%) 36 (100%)

Table 2 Combined results of two major published series of prima-
ry non-neurogenic brachial plexus tumours collected over a 29-
year period [1, 32]

Tumour Number
Benign non-neurogenic 21 (44%)
Malignant non-neurogenic 27 (56%)
Total 48 (100%)
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Fig. 5 Radiographic features
of a brachial plexus tumour
arising in relation to the C8
root. Expansion of the left
C7/T1 neural foramen is identi-
fied on the oblique radiograph
(right) while the extraspinal
component produces a well-
defined extrapleural mass in
the left lung apex (/eft). The
histological diagnosis was sy-
novial sarcoma

Imaging findings
Neurofibroma and schwannoma

Radiography is usually normal unless the tumour has
extended into the neural foramen, when it may cause
well-defined bony erosion and foraminal enlargement.
Tumours arising from the lower roots of the plexus can
appear as an apical lung mass [42]. These features do not
necessarily indicate a benign lesion or a primary neuro-
genic tumour (Fig. 5).

US demonstrates benign neurogenic tumours as well-
defined, oval, homogeneous hypoechoic masses with
posterior acoustic enhancement [4, 5, 23]. The absence
of an echogenic central hilum helps differentiate these
lesions from cervical lymph nodes [4]. However, an
echogenic ring may be identified within a benign nerve
sheath tumour [43].

Typical MR features of benign neurogenic tumours
include a well-defined oval mass with the long axis in
line with the nerve of origin and homogeneous interme-
diate signal intensity (SI) on TI-weighted sequences
(Fig. 6). The tumours are hyperintense on T2-weighted
images with inhomogeneous central low SI (the target
sign) (Fig. 7) [19, 21] and strong enhancement following
contrast administration (Fig. 8). The target sign is attrib-
uted to the distribution of Antoni A and B areas within
the tumour. The peripheral hyperintense signal is due to
myxoid tissue whereas the central hypointense area is re-
lated to a greater proportion of fibrocollagenous tissue
[17, 19]. Less commonly, schwannomas and neurofibro-

Fig. 6 Coronal T1-weighted SE image showing a small schwan-
noma (arrow) arising from a trunk of the left brachial plexus. The
lesion is isointense to muscle and orientated in an oblique direc-
tion along the long axis of the nerve

mas may be mildly hyperintense or hypointense to mus-
cle on Tl-weighted images and show non-uniform
enhancement [17, 18, 19, 20, 22, 23]. The presence of
the target sign does not differentiate neurofibroma from
schwannoma [19]. However, schwannoma and neurofi-
broma can be distinguished by determining the relation-
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Fig. 7 Axial T2-weighted FSE
image showing a large schwan-
noma arising from the left bra-
chial plexus in a patient with
neurofibromatosis type 1
(NF1). The lesion is hyperin-
tense and displays the typical
“target sign” that characterizes
a benign nerve sheath tumour.
Intraspinal extension with
foraminal enlargement is also
noted

Fig. 8 Axial T1-weighted SE
image of a patient with a
schwannoma arising from the
left brachial plexus. Pre-con-
trast image (left) shows the
lesion to be homogeneous and
isointense to muscle. Following
gadolinium administration
(right), the tumour shows inho-
mogeneous enhancement

ship of the tumour to the nerve of origin. In the case of
schwannoma, the nerve has an asymmetric relationship
to the tumour (Fig. 9A) [16, 44], whereas the nerve pass-
es through the centre of a neurofibroma or is obliterated
by it. Cystic necrosis within schwannoma, so called an-
cient change, is a well-recognized variation [19, 45]. Tu-
mours associated with cystic change do not exhibit the
“target sign” and may be impossible to differentiate from
MPNST (Fig. 9B) [19]. Neurofibromas and schwanno-
mas are not associated with peritumoral oedema [20].
Mild muscle atrophy surrounding or distal to the tumour
is also a recognized finding [15]. Intraspinal extension
and the relationship to the cervical cord are best assessed
on axial (Fig. 7) and coronal images (Fig. 10).

Malignant peripheral nerve sheath tumour (MPNST)

MPNSTs show no specific imaging features and may not
be distinguishable from other soft-tissues sarcomas [18].
Therefore, great importance must be given to clinical
features such as pain or rapid enlargement in the case of

NF1. Features that help to differentiate benign and ma-
lignant neurogenic tumours include absence of the target
sign on T2-weighted sequences [17, 19, 21], poorly de-
fined margins (Figs. 11, 12) and bone destruction [16].
Inhomogeneous enhancement following gadolinium re-
sults from high intercellular pressure or areas of necro-
sis, another feature suggestive of malignancy (Fig. 13).
However, as mentioned previously, inhomogeneous SI
and absence of the “target sign” may occur with ancient
schwannomas. The size of the lesion may also be un-
helpful since many neurofibromas and some schwanno-
mas may be multiple. The use of dynamic contrast-en-
hanced MRI has been reported to have a high diagnostic
accuracy for differentiating benign and malignant soft-
tissue masses. A large study by van der Woude et al. [46]
assessed three enhancement characteristics and included
seven schwannomas and a single MPNST. Three of sev-
en schwannomas demonstrated early enhancement, a
feature more commonly seen with malignant lesions.
However, early peripheral enhancement and a type 1 pat-
tern of progression of enhancement were highly specific
for malignant lesions. Limited experience of diffusion-
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Fig. 9 A Coronal T1-weighted SE image showing an oval lesion
arising from the infraclavicular part of the left brachial plexus.
The lesion has an asymmetrical relationship to the nerve of origin,
indicating that it is a schwannoma. B Coronal T2-weighted FSE
MR image showing the lesion to be inhomogeneous without the
typical “target sign”, consistent with ancient change

Fig. 10 Coronal post-contrast
T1-weighted SE images in a
patient with NF1 and a neurofi-
broma arising from the left

C8 root. Well-defined erosion
of the C7 vertebral body and
intra-dural extension with cord
compression are clearly dem-
onstrated

‘ -
B

¥
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weighted MRI of soft-tissue tumours suggests that dif- glucose positron emission tomography (183FDG PET) has
ferentiation between areas of viable tumour and necrosis been used with some success in identifying malignant
is possible [47]. However, this technique has not been change in plexiform neurofibromas [48]. However,
specifically applied to the assessment of neurogenic tu- whenever there is concern about malignant change, biop-
mours. sy is recommended [14].

Uptake of gallium citrate has been shown to be a fea-
ture of MPNST [14]. More recently, [!8F]fluorodeoxy-
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Fig. 11 Sagittal (left) and axial
(right) T1-weighted SE images
in a patient with MPNST of the
right brachial plexus. The tu-
mour extends through the C5/6
and C6/7 intervertebral forami-
na and forms a poorly defined
extraspinal mass

Fig. 12 A Coronal T1-weight-
ed SE MR image in a young
boy with MPNST arising from
the right brachial plexus. The
tumour is extensive and lobu-
lated. B Coronal (left) and axial
(right) T2-weighted FSE imag-
es showing the lesion to be in-
homogeneous without a typical
“target sign”. Intradural exten-
sion and involvement of the
right vertebral artery are also
noted
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Fig. 13 Coronal T1-weighted
SE images before (left) and af-
ter (right) intravenous contrast
enhancement in a patient with
MPNST arising from the lower
roots of the right brachial plex-
us. Extensive areas of non-en-
hancement are present

Benign non-neurogenic tumours

The commonest benign non-neurogenic tumour to in-
volve the brachial plexus is aggressive fibromatosis
(extra-abdominal desmoid tumour). The tumour presents
either as a painless mass or may be associated with pain
or neurological dysfunction in the arm [49]. MRI typi-
cally shows a mass with infiltrative margins, which is
isointense to muscle on T1-weighted sequences, hyperin-
tense but inhomogeneous on T2-weighted sequences
(Fig. 14) and which shows marked enhancement follow-
ing intravenous contrast administration. Areas of signal
void on T2-weighted images are also a characteristic fea-
ture, being due to regions of collagenous tissue within
the mass [50, 51, 52]. Tumour margins may only be inf-
iltrative at a microscopic level, in which case the lesion
may appear well defined on MRI. The locally aggressive
nature of the lesion makes identification of surgical mar-
gins difficult and local recurrence is a relatively common
problem [53].

Lipoma is the second commonest benign non-neuro-
genic tumour to involve the brachial plexus and is well
characterized by both CT and MRI due to its fatty nature
(Fig. 15). However, the differentiation between lipoma
and well-differentiated liposarcoma may be impossible
on CT or MRI [54].

Various non-neoplastic lesions have also been de-
scribed in relation to the brachial plexus. Localized hy-
pertrophic neuropathy (perineurinoma, giant nerve) is a
rare tumour-like lesion that typically involves a single
peripheral nerve and produces slowly progressive weak-
ness in the distribution of the nerve [55]. Involvement of
the brachial plexus has been reported [56, 57]. MRI has
demonstrated fusiform thickening of the affected nerve,
which appears mildly hyperintense on T2-weighted im-
ages and shows enhancement following contrast admin-
istration [56]. However, the SI on T2-weighted images
may also be diffusely reduced, differentiating the lesion
from a nerve sheath tumour (Fig. 16). Other reported

Fig. 14 A Axial T1-weighted SE image in a patient with aggres-
sive fibromatosis involving the supraclavicular part of the left bra-
chial plexus. The mass is isointense to muscle and has poorly de-
fined, infiltrative margins. B Coronal STIR sequence shows the
mass to be hyperintense. Note again the infiltrative nature of the
margins
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Fig. 15 Lipoma of the left bra-
chial plexus. A Axial CT scan
showing a well-defined, oval,
hypodense mass in the left su-
praclavicular region. B Lipoma
of the left brachial plexus. Co-
ronal T1-weighted SE (left) and
axial STIR (right) MR images
showing a well-defined fatty
mass in the left supraclavicular
fossa

causes of diffuse swelling of the brachial plexus simulat-
ing tumour include chronic demyelinating hypertrophic
neuropathy [57] and hypertrophic inflammatory neurop-
athy [58].

Fibrolipomatous hamartoma is a rare benign infiltrat-
ing condition of peripheral nerves leading to progressive
functional loss, the lesion typically being located in the
distal part of the upper limb, with the median nerve the
commonest reported site. A single case has been report-
ed in the brachial plexus [35]. MRI classically demon-
strates fusiform nerve enlargement caused by fatty pro-
liferation and thickening of nerve bundles [59].

Malignant non-neurogenic tumours

Malignant non-neurogenic tumours involving the brachi-
al plexus include primary soft-tissue sarcomas (Figs. 5,
17), such as low-grade fibrosarcoma [53], synovial sar-
coma [39] and radiation-induced sarcoma [36, 37, 38].
These tumours have no particular differentiating imaging
features, although their malignant nature may be sug-
gested by their dynamic enhancement patterns [46] and
also by their clinical course, which includes pain and
progressive neurological deficit. Radiation-induced sar-
comas may develop as late as 40 years after radiotherapy
[36], usually as a consequence of treatment for breast
carcinoma. Radiotherapy has also been implicated in the
development of approximately 11% of MPNSTs [60]
(Fig. 18).
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Fig. 16 Localized hypertrophic
neuropathy. Coronal T1-
weighted SE (/eff) and axial
T2-weighted FSE (right) imag-
es showing a well-defined, oval
lesion arising from the T1 root
of the right brachial plexus.
The lesion is isointense to mus-
cle on T1 but profoundly hypo-
intense on T2, differentiating

it from a benign nerve sheath
tumour

Fig. 17 Axial T1-weighted SE
(left) and sagittal T2-weighted
FSE (right) images of a young
boy with primary soft-tissue
Ewing sarcoma involving the
right brachial plexus. The tu-
mour has obliterated the sub-
clavian artery

Fig. 18 Radiation-induced
MPNST in a patient with NF1
who received radiotherapy

12 years previously for breast
carcinoma. Coronal T1-weight-
ed SE (left) and axial T2-
weighted FSE (right) images
show a large mass in the right
axilla. Note the absence of the
target sign

-
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True haematogenous metastases to the plexus are rare. Conclusions
Meller et al. [61] reported five cases of proven metasta-
sis to the plexus in which imaging studies including US,
CT and MRI failed to demonstrate any mass lesion. The
primary sites were the breast in three cases, the larynx in
one case and a case of Hodgkin’s lymphoma. Neurolym-
phoma is a rare manifestation of lymphoma in which
peripheral nerve involvement is a dominant feature. It

may occur in isolation or in association with systemic or

Tumours of the brachial plexus are uncommon. MRI has a
major role in characterizing and staging such lesions. Be-
nign neurogenic tumours can be confidently diagnosed if
the classical imaging features are present together with a
matching clinical picture. However, the presence of pain
and neurological deficit indicates an aggressive process
and MRI is unlikely to show diagnostic features. In such

primary central nervous system lymphoma. A single case

of B-cell lymphoma with bilateral brachial plexus in-
volvement has been reported where MRI showed diffuse
swelling and hyperintensity on T2-weighted images with
enhancement following gadolinium [40].

cases, pre-operative core needle biopsy is recommended.
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