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Neurofibromas are benign peripheral nerve sheath tumors that occur commonly in
individuals with neurocutaneous disorders such as neurofibromatosis type 1. Vagal
nerve neurofibromas, however, are a relatively rare occurrence. We present the case of a
22-year-old man with neurofibromatosis type 1 with a neurofibroma of the left cervical
vagal nerve. The mass was resected through an anterior approach without major event.

type 1 In the postoperative course, the patient developed left vocal cord paralysis treated with

= neurofibroma

» neck mass

= diffusion tensor
imaging

Introduction

Neurofibromas are benign peripheral neural sheath tumors
composed of Schwann cells, fibroblast-like cells, and perineu-
rial-like cells.'3 They can occur in a sporadic fashion, or in
association with a genetic neurocutaneous disorder such as
neurofibromatosis type 1 (NF1), formerly referred to as von
Recklinghausen disease. NF1 is an autosomal dominant ge-
netic disease and is estimated to occur in 1 per 3,000 to 4,000
individuals."*> Neurofibromas that are associated with NF1
are thought to arise from loss of NF1 gene expression from the
long arm of chromosome 17 (17q) which leads to increased
levels of activated RAS."-? Activated RAS is an oncogene which
promotes unregulated growth. Loss of NF1 leads to increased
occurrence of neurofibromas and optic gliomas, as well as
pathognomonic findings of pigmented nodules of the iris
(Lisch nodules) and pigmented skin lesions (café au lait spots).

* David P. Bray and Andrew K. Chan contributed equally into this
article.
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medialization with injectable gel. We then present a comprehensive review of the
literature for surgical resection of vagal nerve neurofibromas.

Here we present the rare case of a large vagus nerve neurofi-
broma that was resected in a patient with NF1. We present the
case report of the patient, including imaging findings and a
technical note of a gross total resection (GTR). We also provide
areview of the literature, including a discussion on the treatment
algorithm of a patient with a vagus nerve neurofibroma.

Case Description

History and Examination
The patient is a 22-year-old man with a history of NF1 and
more than 25 previous neurofibroma resections including a
left below-the-knee amputation who presented with a grow-
ing mass in his left anterior neck. He first noticed the mass
5 years ago and noted that it has been steadily growing during
that time. The mass was associated with mild discomfort and
tenderness. He was without dysphagia, dysphonia, hearing
changes, or other cranial nerve and brachial plexus symptoms.
Physical examination revealed a large left anterior cervical
mass that was tender, hard, and not mobile to palpation.
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Fig. 1 Preoperative magnetic resonance imaging from left, right, to below:
(A) Axial T1 without contrast shows isointense mass; (B) Axial T2 shows
hyperintense mass; (C) Coronal T1 with contrast shows heterogeneously
enhancing mass; (D) Sagittal T1 without contrast shows isointense mass.

Neuroimaging

Magnetic resonance imaging (MRI) with and without gadolini-
um contrast revealed a well-circumscribed, T2 hyperintense, T1
isointense mass deep to the left sternocleidomastoid muscle
(SCM) (=Fig. 1). The mass demonstrated heterogenous contrast
enhancement and was measured to be 2.6 x 44 x 6.2 cm.

Axial Apparent Diffusion Coefficient
(ADC) 2 x 10 mmi/sec

Cervical Vagus Nerve Tumor Resection Bray et al.

Diffusion imaging demonstrated a mass with an apparent
diffusion coefficient (ADC) of 2 x 10 > mm?/sec (~Fig. 2).
Imaging was consistent with a neurofibroma.

In addition to the left cervical mass, there were innumera-
ble smaller T2 hyperintense, avidly enhancing lesions
throughout the superficial and deep soft tissues of the neck
consistent with neurofibromas.

Because of concern for progressive increase in size of the
mass, patient discomfort, cosmetic appearance, and diagnosis
purposes, we proceeded with surgical resection. Otolaryn-
gology was consulted and assisted with the neck dissection.

Operation
After induction with general endotracheal anesthesia, the
patient was placed in the supine position. The endotracheal
tube was fit with the neural integrity monitor EMG
(NIM-Response 3.0 System; Medtronic, Jacksonville, FL). Other
electrodes for neuromonitoring were applied by the electro-
physiologist. The anterior left neck was prepped and sterilized in
the usual fashion. A shoulder roll was placed, and a horizontal
skin incision was marked (=Fig. 3). The neck was injected with
3 mL of lidocaine with epinephrine. The superficial skin incision
was made with a 5 blade, and subplatysmal skin flaps were
elevated superiorly to the mandible and inferiorly to the clavicle.
The mass was palpated anteriorly and deep to the SCM. The
external jugular vein (EJV) was preserved along with the
greater auricular nerve. The SCM was elevated along its lateral
surface and the omohyoid identified. The internal jugular vein
(JV) was identified and the carotid artery was palpated deep

Axial Diffusion

Fig. 2 Preoperative magnetic resonance imaging: axial diffusion-weighted imaging (DWI) and apparent diffusion coefficient (ADC) map through the left
vagal neurofibroma demonstrate increased signal on DWI with relative increased diffusivity on the ADC map measuring 2 x 107> mm?[sec.
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Fig. 3 Patient positioning: The patient is supine and marked for an
oblique anterior neck incision.

and medial to the mass. The mass was greatly displacing the
vessels around it, including the IJV, which was distended.

The mass was dissected along its posterior border and an
attempt was made to identify the cranial nerve (CN) XI; CN XII
was above the superior edge of the mass. The mass was dissected
down to the prevertebral muscles and off of the deep cervical
fascia. The inferior aspect of the tumor was identified and was
connected to a nerve travelling along the EJV and IJV. This nerve
was stimulated and was found to be the vagus nerve with
stimulation of the laryngeal muscles on the NIM EMG.

Next, the great vessels were isolated off the mass with gentle
dissection along the IJV and the carotid artery. The vessels were
freed from the base of the mass and then from the superior edge
of the mass. The final remaining fascial attachments were freed
and the tumor capsule was identified (~Fig. 4).

The tumor was resected while preserving the vagal nerve.
One branch going to the tumor was not functional (deter-
mined by stimulation) and was removed. We were able to
stimulate at 0.5 mV and had a strong response of the laryn-

Fig. 4 Vagus nerve tumor mass visualized after wide anterior neck
dissection. The sternocleidomastoid muscle is retracted laterally.

Journal of Brachial Plexus and Peripheral Nerve Injury  Vol. 11 No. 1/2016

geal musculature prior to resection of the tumor. However,
the preserved nerve was not able to be stimulated at 1.5 mV
at the end of the resection. Elements of the removed tumor
were sent to the pathology laboratory for permanent assess-
ment. The mass was consistent with a myxoid, cystic neuro-
fibroma, without areas of hemorrhage, necrosis, or induration
(=Figs. 5 and 6). The resection cavity was inspected for
residual tumor and it was concluded that a near GTR was
achieved (~Fig. 7). A Jackson-Pratt drain was placed in the
inferior neck and under the SCM. The platysma was closed
with 3-0 vicryl and the skin with 4-0 subcuticular monocryl.

Postoperative Course

The patient noted a change in the quality of his voice after
surgery that had not improved by his 1-month postoperative
office visit. He noted intermittent coughing and choking with
swallowing while supine. He had no difficulty swallowing while
sitting upright. He was frustrated with the quality of his voice
and felt that he could not be heard clearly over the phone.

Fig. 5 Hematoxylin and eosin stain of resected mass. Findings
consistent with a myxoid, cystic neurofibroma, without areas of
hemorrhage, necrosis, or induration (x10 magnification).

.“.‘ l .f-_’_‘
‘-'*'.. = 1,{-::'%%‘

Fig. 6 Hematoxylin and eosin stain of resected mass, magnified. Wire-
like collagen resembles “shredded carrots” (x40 magnification).
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Fig. 7 Vagus nerve tumor resected. Vagus nerve tumor with nearly
gross total resection. Sternocleidomastoid muscle retracted laterally.

Laryngoscopy 1-month postoperative confirmed a left vocal
cord paralysis. He was scheduled to receive medialization of
the left vocal cord with Prolaryn Gel (Merz North America, Inc.,
Raleigh, North Carolina (NC), USA).

Discussion

Neoplasms of the vagus nerve are rare. Most of our literature
on the subject of epidemiology and management of these
lesions is composed of case studies and series. Within these
series, the majority of neoplasms of the vagus nerve are
schwannomas.®™!"

Neurofibromas can theoretically arise from any peripheral
nerve. It is thought that approximately 25% of symptomatic
neurofibromas occur in the head and neck region.'? Occa-
sionally, they can cause cranial neuropathies by direct com-
pression on CN IX, XI, and XII or a Horner syndrome via
superior cervical ganglion compression.®1314 They are
generally asymptomatic until they are large enough to cause
discomfort or disfigurement. About one-half of neurofibro-
mas present with pain.>’ Vagus nerve tumors can present
with dysphagia.'® One case study of a vagus nerve sheath
tumor described percussion of the mass causing a cough.”-1®
Most studies of vagus nerve neurofibromas have not borne
out a sex-related predilection for occurrence. Peetermans
et al'? found that the age occurrence of vagus nerve neo-
plasms followed a bimodal distribution with peaks at the ages
of 33 and 55. Physical exam maneuvers that are characteristic
of peripheral nerve sheath tumors are a laterally mobile mass
that cannot be manipulated superiorly or inferiorly. While the
overwhelming majority of neurofibromas of the head and
neck are benign, slow-growing tumors, it has been reported
that they can degenerate into becoming malignant masses.'”
Interestingly, a major risk factor for the development of
malignant peripheral nerve sheath tumors in the head and
neck is an antecedent history of radiation.!”

Cervical Vagus Nerve Tumor Resection Bray et al.

The management of a neurofibroma in a patient with NF1
should differ from the management of a patient with a
spontaneous nerve sheath tumor. First, neurofibromas occur
with greater prevalence in individuals with NF1, vis-a-vis
schwannomas, which are the most common neoplasms of the
vagal nerve. Dabir et al studied intrathoracic vagal nerve
tumors and found that 28% of all tumors were associated with
NF1.'® Histological examination determined that all NF1
intrathoracic vagal nerve tumors were neurofibromas.
Second, patients with NF1 generally have multiple nerve
sheath tumors. Indeed, as McClatchey lamented in his review
of neurofibromatosis, the true challenge in managing patients
with NF1 is the “sheer multiplicity of tumors.”? Fifty-four
percent of individuals with the NF1 diagnosis have one or
more neurofibromas.'® Our patient is representative of this
problem as he had at least 25 prior surgeries for neuro-
fibromas by the age of 22 years. It is generally advised to delay
surgery for excision of neurofibromas unless they are rapidly
growing or are symptomatic due to size or compression on
other neurovascular structures.

Additionally complicating the surgical management of NF1
neurofibromas, patients with NF1 have a higher prevalence of
developing plexiform neurofibromas. Case series demon-
strate that 27 to 43% of patients with NF1 will develop
neurofibromas of the plexiform variety.'*~?> While schwan-
nomas and sporadic localized neurofibromas tend to be either
encapsulated or circumscribed, plexiform neurofibromas
involve multiple fascicles of the same nerve and are more
diffuse in nature.! Plexiform neurofibromas tend to be infil-
trative and grow along tissue planes.”?> They often cannot be
completely excised without sacrifice of much of the nerve and
therefore resection can lead to significant loss of neurological
function.”-?> An obvious solution to this dilemma is to leave
behind remnants of tumor that cannot be resected without
sacrificing neurological function; however, neurofibromas in
patients with NF1 have a rate of 10 to 15% malignant
degeneration.”?3~%° Studies have suggested that 50 to 60%
of malignant peripheral nerve sheath tumors observed in
clinical practice are associated with patients with NF1. These
tumors have high morbidity and high rates of reoccurrence if
GTR is not achieved.?6~2°

Often, clinicians tend to approach any mass in the neck as
“malignant until proven otherwise.” Ultrasonography can be
helpful in the initial assessment of a suspicious neck mass due
to its availability, ease of use, and real-time results it pro-
vides.>® Additionally, the dynamic nature of the ultrasound
imaging modality can let the surgeon determine the interac-
tion of the mass with surrounding neurovascular components.
If a peripheral nerve sheath tumor is suspected by history and
physical exam/ultrasound findings, it is reasonable to pursue
MR imaging of the mass. MRI is accepted as the best imaging
modality to characterize peripheral nerve sheath tumors.3'-3?
As demonstrated with this case report, neurofibromas are
usually T1 isointense, T2 hyperintense, and heterogeneously
enhancing on T1 post-gadolinium contrast.3"-3? In at least one
prospective trial, MR diffusion tensor imaging (DTI) has
allowed for direct visualization of specific nerve tracts entering
and leaving a peripheral nerve sheath tumor.3
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Benign and malignant primary nerve sheath tumors dem-
onstrate overlapping features on MR imaging, including T2
hyperintensity, focal enlargement, and enhancement.?*3°
Diffusivity measurements from diffusion-weighted imaging
(DWI) may be helpful in differentiating malignant and benign
peripheral nerve sheath tumors.>®

Diffusivity, or microscopic mobility of water protons in
tissue, inversely correlates with tumor cellularity and tumor
grade in general.>® The ADC is a measure of the diffusivity.
Statistically significant differences in mean ADC values have
been demonstrated between benign and malignant periph-
eral nerve lesions with malignant lesions demonstrating
ADC < 1.08 x 10~ mm?/sec, and benign lesions demon-
strating ADC > 1.30 x 10> mm?/sec.>” The relatively high
ADC value of this particular vagal nerve neurofibroma
(2 x 1072 mm?/sec) was supportive of benign histology,
correlating with the final pathology.

The difference in ADC values may reflect tumor cellularity,
integrity of cell membranes, nuclear-to-cytoplasmic ratio,
and water content of the extracellular matrix. These features

have been postulated to account for relatively low diffusivity
within malignant solid tumors in prior studies.>%3°

As mentioned previously, the gold-standard treatment for
a symptomatic vagus nerve tumor is an attempt for GTR with
preservation of neurological function as radiosurgery is not
effective on these tumors.”#234% Neurofibromas often prove
to be the most difficult nerve sheath tumors to achieve GTR.4’
Surgery for resection of a vagus tumor mass should be a
multiple disciplinary endeavor.'” In our case, both otolaryng-
ologists and neurosurgeons were employed to treat this
tumor in a complicated anatomical area. Otolaryngologists
performed a large neck dissection in our patient to create a
wide operative field, which is critical to avoid injury to the
important neurovascular structures that traverse the ana-
tomical area. While imaging can help with diagnosis and
inform safe operative corridors for the surgeon, electromyog-
raphy (EMG) for nerve action potentials (NAP) must be used
intraoperatively for safe tumor resection.*? In our case, after
the tumor mass was visualized following the neck dissection,
NAP was used to identify on which nerve the tumor was

Table 1 Cervical vagus nerve neurofibromas treated with resection

Author Age | Sex | NF1 Presenting symptom(s) Pathology Complication/Significant
follow-up

Katz et al*® 47 M Yes Neck mass Benign neurofibroma None

Brandenburg®’ 35 F Yes Neck mass Benign neurofibroma Vocal cord palsy

Maisel and Ogura*® 11 F Yes Neck mass, dysphagia, hoarseness | Benign plexiform neurofibroma | Transient vocal cord palsy

Andrioli et al*® 25 M Yes Dysphonia, unilateral tongue palsy | Benign neurofibroma None

Moore et al' 34 M No Neck mass Benign neurofibroma Vocal cord palsy

Green et al® N/A | NJA | NJA N/A N/A None provided

Green et al® 20 M Yes Neck mass Benign neurofibroma Transient vocal cord palsy

Kuniak and Strelka>® 29 M Yes Neck mass Malignant neurofibroma Reoccurrence and death

Peetermans et al'2 24 F No Dysphagia, hoarseness Benign neurofibroma None

Shimizu et al®’ 48 F Yes Neck mass Benign neurofibroma None provided

Gilmer-Hill and Kline® | 64 F No Neck mass, hoarseness Benign neurofibroma Occasional hoarseness

Fujino et al°? 26 M Yes Neck mass Benign neurofibroma 6 mo vocal cord palsy

Fujino et al®? 63 M No Incidentally found on chest X-ray Benign neurofibroma None

ligner et al>3 39 N/A | No N/A Malignant neurofibroma None provided

Ozcan et al** 19 F Yes Neck mass Benign neurofibroma None provided

Kuzu et al®® 45 F No Rapidly enlarging neck mass Malignant neurofibroma None provided

Cihangiroglu et al®® 32 F No Dysphonia, hoarseness Benign plexiform neurofibroma | None

(NF2 +)

Molina et al®’ 23 F Yes Neck mass, cough, hoarseness Malignant neurofibroma Horner, vocal cord palsy,
tongue fasciculation

Matejcik et al®® 33 F Yes Neck mass, dysphagia, hoarseness | Benign neurofibroma None

Scheithauer et al'’ 32 M Yes Dysphagia, hoarseness Malignant neurofibroma Received radiotherapy

Scheithauer et al'’ 44 M No Neck mass Malignant neurofibroma Dead 6 mo after surgery

Scheithauer et al'’ 23 F Yes Neck mass, dysphagia Malignant neurofibroma Reoccurrence, death
shortly after surgery

Guler et al®® 10 M Yes Neck mass Benign neurofibroma None

Sesenna et al®® 16 F Yes Neck mass Malignant neurofibroma 8-mo vocal cord palsy

Yazar et al®’ 46 F Yes Neck mass, dysphagia Benign plexiform neurofibroma | None

Current study 22 M Yes Neck mass Benign neurofibroma Vocal cord palsy
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attached. NAP was assessed throughout the operation to
delineate which nerve fascicles were nonfunctional, and
therefore appropriate to sacrifice.

While schwannomas have one entering and one leaving
fascicle to the tumor mass, allowing for fascicle excision,
neurofibromas have multiple fascicles travelling to and
from the tumor mass. Many different approaches have been
advocated for the treatment of neurofibromas, from a trial of
watchful waiting43 to en bloc excision with end-to-end nerve
grafting.** Donner et al advised for the surgical treatment of
intracapsular enucleation for neurofibromas.’ This technique
was employed in treating the patient in this case study. The
tumor capsule should be longitudinally incised and entered.
Microsurgical techniques should be used to meticulously
separate each fascicle from tumor. Gentle retraction on
surrounding fascicles is applied to delicately remove the
tumor mass from viable nerve. NAP is consulted throughout
the case to ensure preservation of neurological function.
Resected tumor should be sent for histopathological evalua-
tion during the operative case. If the tumor is determined to
be benign, surgeons should strike a balance between preserv-
ing neurological function and achieving GTR. Using this
technique, we were able to accomplish a near GTR for this
patient.

Possible complications from vagus nerve neurofibroma
resection surgery include injury to important neurovascular
structures in the neck, especially injury to the vagus nerve.
This could lead to vocal cord paralysis, arrhythmias, and
dysphagia. In their large series that included neurofibroma
resections in NF1 patients with multifocal nerve lesions,
Donner et al reported a 16% decrease in motor function using
the intracapsular enucleation technique. Up to 10% of these
patients developed pain syndromes in the sensory distribu-
tion associated with the nerve that was operated upon.’
Green et al reported a 40% occurrence of dysphagia and
46% occurrence of aspiration after vagus nerve tumor sur-
gery.® Gilmer-Hill and Kline stated that nearly all patients
who have vagus nerve tumor resections will develop tran-
sient hoarseness postoperatively.® Our patient noticed a
change in voice that did not resolve within a month postop-
eratively. Laryngoscopic examination revealed a paralyzed
left vocal cord which was treated with injection of Prolaryn
Gel. At least one study has shown that by 12 months after
injection laryngoplasty, 71% of patients experienced at least
compensated function of the paralyzed vocal cord.*®

~Table 1 shows cervical vagus nerve neurofibromas
treated with surgical resection. A PubMed search was com-
pleted using search terms “vagus(al) nerve neurofibroma”
and “vagus(al) nerve neurilemmoma” from March 1947 to
October 2015. Cases of histologically confirmed neurofibro-
mas arising from the cervical level of the vagus nerve (angle of
mandible to sternoclavicular joint) were included from
English-written abstracts and articles that were retrievable
through PubMed. Cases that did not have adequate demo-
graphic/histologic information were not translated into
English, or were not retrievable through PubMed were not
included.

Cervical Vagus Nerve Tumor Resection Bray et al.

This search found 25 other reported cervical vagus nerve
neurofibromas in the literature. The average age of presenta-
tion in these cases was 32.8 ( + 14.2) years. Sixty percent of
patients had NF1; 75% of patients presented with a neck mass;
and 46% had dysphagia, hoarseness, or another neurological
deficit. After surgery, 45% of patients developed at least
transient vocal cord palsy. It appears that postoperative
hoarseness and vocal paralysis occur at a relatively high
rate after vagus nerve neurofibroma resection, and patients
should be counseled about this outcome.

Conclusion

Vagus nerve neurofibromas are rare, but are more common in
patients with NF1. Gold-standard treatment of symptomatic
benign vagus nerve masses is an attempt at GTR with minimal
loss of nerve function. Postoperative hoarseness and vocal
paralysis are difficult to avoid in vagus nerve neurofibroma
resection.

Source of Funding
None.
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