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ADVANCING SURGICAL STANDARDS

Diagnosis and management of schwannomas
originating from the cervical vagus nerve
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ABSTRACT

INTRODUCTION A schwannoma is a benign, slow growing, encapsulated nerve sheath tumour. Presentation of a schwannoma is
a diagnostic and management challenge.

METHODS Internet searches of PubMed/MEDLINE® for all articles listing schwannomas of the vagus nerve in the cervical/neck
region (1980-2012) were undertaken to ascertain diagnostic pitfalls. The references of all articles were cross-checked to
include all pertinent contributions. Further articles were traced through reference lists.

RESULTS Schwannomas are solitary, well circumscribed and medial to the carotid sheath. Preoperative diagnoses of schwanno-
mas in the lateral part of the neck can cause confusion with its nerve of origin (ie whether it arises from the vagus nerve or a
sympathetic chain). Computed tomography and magnetic resonance imaging reveal valuable information regarding the location
and origin of the tumour as well as aiding surgical planning. The diagnosis can be confirmed intraoperatively. Postoperative
recovery of neurological function is dependent on the type of surgery. Histopathological studies searching for classical features
and immunohistochemical staining for S100 also confirm the diagnosis.

CONCLUSIONS Schwannomas should be considered in the differential diagnoses of unusual masses in the neck. Preoperative
imaging elicits valuable information regarding the location and origin of schwannomas and histopathology confirms the

diagnosis.
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A schwannoma is a benign, slow growing, encapsulated
nerve sheath tumour comprising Schwann cells in a collag-
enous matrix that can arise from any cranial, peripheral or
autonomic nerve in the body(except the olfactory and optic
nerves). About 25-45% of extracranial schwannomas have
been reported to lie in the head and neck.'” Calcaterra
et al reported that the head and neck is the site of origin in
more than one-third of all solitary schwannomas and that
they occur most often in the lateral part of neck.* Most
extracranial schwannomas are found in the parapharyng-
eal space and are usually of vagal origin.>”7 Presentation of
a schwannoma is a diagnostic and management challenge.
In general, schwannomas are believed to be slow grow-
ing neoplasms. Zhang et al® and de Araujo et al’ reported
annual rates of tumour growth of 2.75mm and 3mm
respectively. Malignant change in schwannomas of the
head and neck is rare, with a prevalence of 8-13.9%.0712

Methods

A systematic search of PubMed/MEDLINE® (1980-2012)
was undertaken to determine the diagnostic procedure for
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schwannomas of the vagus nerve in the cervical region.
The keywords employed were ‘neck neurilemmoma’,
‘vagus mnerve’, ‘sympathetic chain’, ‘tomography’ and
‘histopathology’, and included all related terms.

The search was carried out independently by the three
authors. Abstracts were reviewed and relevant articles
identified. Further contributions were identified through
the reference lists of relevant articles. After omission of
duplicated articles, relevant contributions were retrieved
and reviewed. The final results of each article were col-
lated and are described below and in Figure 1.

Results

Schwannomas of the head and neck can affect any periph-
eral cranial or autonomic nerve. Signs and symptoms can
be varied and are often non-specific. Presentation can also
be heavily dependent on the nerve of origin as well as the
location and extent of the tumour.

Usually, remarkable signs or symptoms are not seen in
the early stages of the disease. A solitary, slow growing mass
in the neck is the most common symptom (Fig 2). In later
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Figure 1 Flow diagram of study selection

stages, signs and symptoms are related to the size of the
schwannoma and the surrounding anatomical structures
involved: dysphagia, nasal obstruction, painless swelling of
the cheek, dyspnoea in the supine position.'> Presentation
with a neural deficit is a controversial issue. Some authors
have reported that most patients have neural deficits
whereas other scholars have observed neural deficits only in
large tumours or when neural compression is present (usu-
ally among intracranial or skull base tumours).”'?

Tumours arising from sensory nerves may present as
pain; those arising from the vagus nerve may present as
hoarseness and a globus sensation; those from the facial
nerve may present as a facial palsy.'*'> Horner’s syndrome
is rarely seen in a schwannoma of the cervical sympathetic
chain.

ke

Figure 2 Neck swelling

With regard to a schwannoma of the vagus nerve, the
most common symptom is hoarseness. Occasionally, a par-
oxysmal cough may be produced on palpation of the mass.
This is unique to a schwannoma of the vagus nerve. This
sign (which is associated with a mass located along the
medial border of the sternocleidomastoid muscle) should
make the clinician suspect a tumour of the sheath of the

vagus nerve,'0-20

Diagnosis

The diagnosis of a schwannoma is problematic because
the medical history and clinical examination are usually
non-specific. Fine needle aspiration (FNA), magnetic reso-
nance imaging (MRI) and computed tomography (CT)
have, to a certain degree, solved the problem of
misdiagnoses.?'2* In addition to facilitating the diagnosis,
preoperative imaging provides information on the size,
location and extent of the tumour as well as the surround-
ing anatomy, thereby aiding surgical planning.

Microscopic
The usefulness of FNA is controversial. Most authors do not
recommend open biopsy or FNA for these masses.?® Micro-
scopically, schwannomas typically exhibit a biphasic histo-
logical pattern termed Antoni A and Antoni B.%>2°

Antoni A areas are regions of high cellularity with
spindle shaped cells. Cells are often arranged in bundles,
palisades or whirls. Groups of compact parallel nuclei are
also seen and are known as Verocay bodies. Antoni B areas
have fewer cells with additional histopathological features
of cystic degeneration or xanthomatous changes and do
not exhibit a distinctive pattern (Figs 3 and 4). Schwanno-
mas usually exhibit intense immunostaining for S100 (par-
ticularly Antoni A areas), which may help to distinguish
neoplasms in the sheaths of peripheral nerves from other
tumour types.”’28
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Figure 3 Histopathology of a schwannoma at low
magnification

CT versus MRI
On CT, schwannomas appear to be well covered, well
defined and fusiform.?*?° They show relatively homogenous
enhancement of contrast, with internal cystic changes
becoming more prominent as the tumour enlarges. Cystic
changes are associated with mucinous degeneration, hae-
morrhage, necrosis and the formation of microcysts (Fig 5).
Kumar et al described two schwannomas that appeared
as homogenous, low density masses on CT.° They
ascribed the low density nature of these schwannomas to
their lipid content. In addition, Powers et al described a
schwannoma that appeared on CT as a cystic mass but this
finding was not explained.?!

Figure 4 Histopathology of a schwannoma at high
maghnification
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Figure 5 Computed tomography showing a mass displacing
the carotid sheath

According to Cohen et al, pathological examination of
schwannomas shows each tumour to have one or more char-
acteristic histological features.’> First, there are confluent
areas of hypocellularity adjacent to more cellular tumour
regions. Second, schwannomas undergo cystic degeneration
due to vascular thrombosis and subsequent necrosis.?>>%
Third, areas of reduced cellularity are seen adjacent to areas
of cellularity with dense bundles of collagen. Finally, schwan-
nomas have xanthomatous regions (which are a common
feature of these tumours rnacroscopically).25’26 On micro-
scopic examination, these areas have been described as con-
taining aggregates of lipid laden foam cells. These features
(separately or in combination) seem to account for the inho-
mogeneous appearance of schwannomas on CT examination.

Macroscopically, in contrast to a schwannoma, a pure
neurofibroma is a solid tumour. Areas of cystic degenera-
tion, hypocellularity and xanthomatous material are
uncommon features of neurofibromas.?>?® Calcifications
and bony changes are seen more frequently with neurofi-
bromas than with schwannomas.

It has been suggested that the CT finding of inhomoge-
neities reflects malignancy in neurogenic tumours, espe-
cially in patients with neurofibromatosis.>>°

MRI characteristics®® of schwannomas include specific
signs (split fat, fascicular, target) and signal patterns (ie
isointense T1 signal relative to skeletal muscle; increased
and slightly heterogeneous T2 signals).

Ultrasonography

Ultrasonographic images of schwannomas are characterised
by a round or elliptical cross-section with a clear border as
well as an internal echo reflective of histology. Patterns may
be homogenous-to-heterogeneous and cystic changes may
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be seen. Ultrasonography has greater diagnostic utility if the
diameter of the nerve of origin is large and often the tumour
is connected to a clearly delineated nerve.>%-°

Nerve of origin

As reported by Furukawa et al, MRI findings are also useful
for preoperative estimation of the nerve of origin of
schwannomas of the vagus nerve and schwannomas of the
cervical sympathetic chain.’” Schwannomas of the vagus
nerve displace the internal jugular vein laterally and caro-
tid artery medially; schwannomas from the cervical sympa-
thetic chain displace the carotid artery and jugular vein
without separating them.>” ! The cervical sympathetic
trunk is posteromedial to the carotid vessels as it runs lon-
gitudinally over the longus capitis and longus colli
muscles, deep to the prevertebral fascia.>** In strict ana-
tomical terms, the sympathetic chain is outside the carotid
sheath (which contains the carotid artery, internal jugular
vein and vagus nerve) (Fig 6).

In 1996 Furukawa et al undertook imaging studies on
nine patients with schwannomas and suggested their neu-
rological origin prior to surgery: they were correct in all
cases.’” In 2007 the accuracy of the preoperative diagnosis
made by Saito ef al in 12 patients with schwannomas was
83%.%® Preoperative diagnoses based on imaging studies
offer better understanding of the anatomical correlations
between the nerve and vascular structures than intraopera-
tive diagnoses. Preoperatively, surgeons can explain to
patients each complication relating to schwannomas of the
vagus nerve that may follow the surgical procedure.

Differential diagnoses

Schwannomas of the vagus nerve can be confused with
metastatic lymph nodes, paragangliomas and schwanno-
mas of the cervical sympathetic chain. Metastatic lymph
nodes are often multiple and the identity of the primary
cancer is not known, thereby making thediagnosis rela-
tively straightforward.” However, a solitary metastatic node
from an unknown primary cancer may be difficult to differ-
entiate from a schwannoma in the absence of periadenitis
or extranodal extension of disease. Paragangliomas show
early arterial enhancement on CT; they are hypervascular
lesions (whereas schwannomas are hypovascular) and

21D

Figure 6 Relationship between the carotid artery (CA), internal
jugular vein (1JV), cervical sympathetic chain (arrowhead) and
cervical vagus nerve (arrow) in the carotid sheath

have certain characteristic MRl appearances such as scat-
tered flow voids (‘salt and pepper’) that usually enable the
correct diagnosis.*> The pattern of splaying the carotid
bifurcation is also distinct from that of schwannomas of the
cervical sympathetic chain (Figs 7 and 8). Usually, separa-
tion of the internal jugular vein and internal carotid artery
helps to distinguish between schwannomas of the vagus
nerve and those of the cervical sympathetic chain.>”®

Role of surgery

Previously, to prevent recurrence of schwannomas, radical
dissection involving the neuroprogenitor cells was carried
out. Even if recovery is achieved after nerve transplanta-
tion or a primary anastomosis, preservation of neurological
function is not expected. Most neuroprogenitor fibres do
not run through schwannomas: they pass over the tumour
capsule.**

Most schwannomas are encapsulated. If nerve fibres
surround the tumour surface, intracapsular enucleation
can be carried out while preserving nerve fibres by making
a small longitudinal incision in the capsule (Figs 9 and 10).
Valentino ez al found that intracapsular enucleation while
preserving nerve fibres ensured that nerve fibres retained
their function by >30% compared with tumour resection
with a primary anastomosis.*® Neurological functions can
also be monitored by using a nerve stimulator or a micro-
scope when carrying out intracapsular enucleation.*®*8

Figure 7 Computed tomography of the neck showing a
schwannoma of the vagus nerve. The tumour (asterisk) is sepa-
rating the common carotid artery (white arrow) anteriorly and
internal jugular vein (arrowhead) posteriorly.
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Figure 8 Computed tomography of the neck showing a
schwannoma of the sympathetic chain. The tumour (asterisk) is
displacing the common carotid artery (white arrow) and internal
jugular vein (arrowhead) together anteriorly without separating
them.

There is considerable controversy regarding the preva-
lence of recurrence of schwannomas between total resec-
tion of the tumour including nerve fibres and intracapsular
enucleation. Zbren et al found no significant difference in
the prevalence of recurrence between these two proce-
dures.*® However, if partial removal of the tumour is carried

Figure 9 Intraoperative image showing a mass attached to the
vagus nerve.
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Figure 10 Macroscopic view showing intact mass separated
from the attached nerve

out, the prevalence of recurrence has been reported to
increase.*8

Pezzullo et al reported the prevalence of preoperative
paralysis of the vocal cord to be 12% but hoarseness is
almost always present after surgery of schwannomas origi-
nating from the cervical vagus nerve.’ Therefore, preoper-
ative assessment of mobility of the vocal cords is strongly
recommended. With respect to postoperative vocal cord
palsy, aggressive voice therapy for vocal cord compensa-
tion should be started soon after surgery.

Conclusions

Neither the diagnosis nor the treatment of schwannomas
of the cervical vagus nerve are straightforward. Only
appropriate imaging and preoperative planning ensure
successful treatment of schwannomas.
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