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ABSTRACT
AIM: To describe the ultrasound-guided microsurgical excision technique and to evaluate the surgical outcomes of brachial plexus
schwannomas.
MATERIAL and METHODS: Eleven patients who underwent ultrasound-guided microsurgery for small (<3 cm) brachial plexus
schwannoma for the first time between 2013 and 2017 were included in our study.
RESULTS: The mean age of the patients was 45 years (range: 30–68 years), with six tumors localized on the right and five on the left
side. There were no perioperative or postoperative complications. No postoperative deficits were observed in the patients.
CONCLUSION: Surgeons can safely and completely excise most of the benign (<3 cm and non-palpable) brachial plexus tumors
by the ultrasound-guided microsurgical excision technique.
KEYWORDS: Brachial plexus tumor, Schwannoma, Ultrasound-guided microsurgery
ABBREVIATION: BPS: Brachial plexus schwannomas, MRI: Magnetic resonance image.
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INTRODUCTION

B

rachial plexus tumors are rare, and most of them
are benign, such as schwannomas. Schwannomas
localized to the brachial plexus typically form a palpable
mass or cause neurological symptoms, such as localized
pain, numbness, and/or motor deficits of the arm or shoulder.
Brachial plexus surgery has been a challenge in neurosurgery
because of insufficient clinical and surgical experience (6).
The aim of our study is to describe the ultrasound-guided
microsurgical excision technique, share our experiences,
and evaluate short-term surgical outcome of brachial plexus
schwannomas (BPS).
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MATERIAL and METHODS

Eleven patients who underwent ultrasound-guided microsurIsmail YUCE
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gery for BPS for the first time between 2013 and 2017 were
included in our study. All the tumors were nonpalpable. Patient
assessments included their neurological status, symptoms,
age, and gender; single or multiple locations and side-size of
schwannomas; and the region evaluated by magnetic resonance image (MRI) (Table I). All the patients were operated by
the senior author (Y.A).
Surgical Procedures
In the present study, anterior supra/infraclavicular approaches
were applied according to the tumor location. The patient
was placed in a neutral supine position with his or her head
turned 45° toward the opposite side, and the tumor location
was confirmed with a needle by ultrasound-guidance. A
semi-horizontal skin incision (generally 3 cm) was made and
extended over the tumor, but it was limited to the underlying
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location (supra/infraclavicular) of brachial plexus tumors in
2012 (7,12).

region of the tumor as documented on the magnetic resonance
imaging. A surgical microscope was subsequently brought into
the field, and non-neural tissues away from the tumor were
dissected. The region of the tumor was checked again with
the needle by ultrasound-guidance, and the margins of the
tumor were defined. The epineurium surrounding the tumor
was opened until the capsule, and the tumor was dissected
away. Although the schwannomas were a single mass, the
surgical area was checked again with ultrasound-guidance
for residual tumor tissue. The operation was completed after
hemostasis. Suction drains were not routinely placed. The
patient was discharged after 24 hours and advised to return
to daily activities after 2 weeks.
█

Schwannoma is a painless tumor and commonly presents
with symptoms caused by nerve compression (2,4). The
symptoms of brachial plexus tumors present in various ways.
Lwu and Midha described the symptoms of brachial plexus
tumors based on patients’ history and physical examinations (17). The major clinical presentations of brachial plexus
tumors include a palpable mass and/or extremities with
paresthesia or numbness, pain or tenderness, and motor
or sensorial deficit (6,14,16). They grow slowly without any
specific symptoms and are well encapsulated (13). Surgical
enucleation is generally possible without causing neurological
deficit (15,20,22). The brachial plexus tumors without palpable
mass are easily misdiagnosed. Fortunately, because of MRI or
ultrasound images, neurosurgeons can diagnose nonpalpable
and small brachial plexus tumors (3). In our study, all tumor
enlargements were smaller than 3 cm and nonpalpable. Eight
patients were diagnosed with paresthesia, and six were diagnosed with motor deficits.

RESULTS

Of the 11 patients, 4 were male, and seven were female. The
mean age was 45 years (range: 30–68 years). Six tumors were
localized on the right and five on the left side. We used an
infraclavicular approach for three patients. The mean followup time was 7.9 months (range: 4–13 months). There were
no perioperative or postoperative complications, and no
postoperative deficits were observed in the patients (Table I).
█

Although most schwannomas are solitary (23), cases of
multiple tumors have also been reported (19,24,25). They
predominantly develop as solitary tumors ranging from 1.5
to 3 cm in diameter (1,18). In our study, three of the patients
exhibited tumors at multiple locations, and the remaining
eight patients exhibited tumors at a single location. MRI is
preferred for the diagnosis of brachial plexus tumors (9,26,28).
The brachial plexus tumors in this study appeared in T1weighted images and were hyperintense on T2-weighted
images. Multiple BPSs showed strong enhancement following
contrast administration (Figure 1A, B).

DISCUSSION

Brachial plexus tumors are rarely reported in the literature,
and the incidence of schwannomas is 5% in adults (10). The
complex anatomical location of brachial plexus tumors is a
formidable diagnostic and therapeutic challenge for surgeons
(8). One of the two most common brachial plexus tumors is
the schwannoma, which is benign and arises from the nerve
sheath (11). Siqueira et al. reported the diagnostic and surgical
features of 18 patients with brachial plexus tumors in 2009
and found that surgeons can completely excise most benign
brachial plexus tumors (21). Desai and Go et al. reported the

Microsurgery is the most important treatment for benign
brachial plexus tumors. A longitudinal incision is made that
extends over the tumor. Ultrasound is used in brachial plexus

Table I: Clinical Characteristic of 11 Patients with Brachial Plexus Schwannomas

Case Age
No. (years)

Gender

Side

Size
(mm)

Localized
Paresthesia
tenderness

1

39

F

R

23

+

2

46

M

R

24

3

44

F

R

27

4

32

M

L

21

5

41

F

R

24

6

30

M

L

19

7

56

F

R

17

8

43

F

R

29

9

68

F

L

22

10

54

M

L

29

+

11

43

F

L

28

+

+

Motor
deficit

+

SC

S

7

+

+

IC

S

4

+

SC

Mu

+

IC

S

9

SC

S

6

+

SC

S

5

+

SC

Mu

+

+

IC

S

5

+

+

SC

S

9

+

SC

Mu

8

+

SC

S

+

+

+
+

+
+

+

+

+

F: Female, M: Male, Mu: Multiple, L: Left, R: Right, S: Single, IC: Infraclavicular, SC: Supraclavicular.
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Follow-up
(months)

+

+

+

Sensorial
Single /
Approach
deficit
Multiple

13

11

10
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analgesia and can reduce the incidence of severe complications because ultrasonography facilitates clear visualization
of the vascular and neural structures. Ultrasound-guided
procedures enable the identification of selective nerve blocks
that correspond to the target regions (5). We used a part of
this technique, which is described in surgical procedures for
the microsurgical excision of BPSs with a longitudinal incision
(Figure 2A-F).
In our study, histological examination of tumor tissue from the
11 patients resulted in the diagnosis of schwannoma. Spindleshaped cells in Antoni A and B arrangements interspersed
with Verocay bodies are the characteristic features of
schwannomas. The tumor cells show a diffuse, positive

A

immunoreactivity for S-100 protein (27). The S-100 protein
demonstrates that schwannomas are of neuroectodermal
origin (Figure 3A-C) (4).
█

CONCLUSION

For benign, peripheral nerve tumors, the surgery has a
great effect on patients. An experienced peripheral nerve
surgeon can safely and completely excise most of the
benign and small (<3 cm and nonpalpable) brachial plexus
tumors by ultrasound-guided microsurgical excision without
perioperative or postoperative complications or additional
neurological deficits.

Figure 1: The
postcontrast T1weighted A) coronal
and B) axial magnetic
resonance images
showing multiple
schwannomas at the
right brachial plexus.

B

A

B

C

D

E

F

Figure 2: Intraoperative images of brachial plexus tumor removal. A) Localization of incision. B) Tumor location was confirmed with a
needle by ultrasound-guidance. C-E) Removing the tumor and F) surgical area.
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Figure 3: A) Neoplastic cells form palisading foci called Verocay bodies (H&E, 40× magnification). B) The tumor is composed of more
cellular Antoni A areas (right side) and microcystic Antoni B areas (left side) (H&E, 100× magnification). C) Neoplastic cells are diffusely
and strongly S-100 positive (Immunostain S-100, 40× magnification).
█
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