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Introduction Schwannomas are benign tumors originating from the cells, which wrap
around axons that are usually encapsulated and solitary. These tumors usually lead to little
or no symptomatology. They are usually the most common peripheral nerve tumors in
adults, with their highest incidence between the third and fifth decades of life.
Objective To perform a review about schwannoma of the peripheral nerves, present-
ing its definition, epidemiology, diagnosis, symptomatology and treatment.
Methodology This is a descriptive work, based on a review of articles available in the
PubMed database with the descriptors schwannoma and peripheral nerves.

Results and Discussion Only papers published between 1981 and 2019, describing
studies in humans, and that were available as full articles were selected. A total of 391
articles were included; after reading the titles, we noted that 67 articles fit the topic of
the present study. Among the articles selected for reading, 33 fit the objectives of the
present work, and were considered for the writing of the present article.

Conclusion Schwannomas are benign myelin sheath tumors that develop with local
symptomatology or asymptomatic and present a good surgical prognosis with
generally reduced rates of surgical complications.

Introducao Os Schwannomas sdo tumores benignos originados das células de
Schwann que envolvem os axénios de nervos periféricos. Esses tumores sao encapsu-
lados e solitarios que geralmente levam a pouca ou nenhuma sintomatologia. Eles sao
os tumores de nervos periféricos mais comumente encontrados em adultos, com maior
incidéncia entre a terceira e quinta décadas de vida.

Objetivo Realizar uma revisdo sobre o schwannoma de nervo periférico, apresen-
tando sua definicao, epidemiologia, diagndstico, sintomatologia e tratamento.
Metodologia Este é um trabalho descritivo, baseado na revisdo de artigos disponiveis
na Base de dados PubMed, a partir dos descritores: schwannoma e nervos periféricos.
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Resultados e Discussao Somente os artigos publicados entre os anos de 1981 e 2019,
estudos envolvendo humanos e que estavam disponiveis como artigos completos,
foram selecionados para a revisdao. Um total de 391 artigos foram incluidos, apos ler os
titulos apenas 67 artigos se enquadraram no tépico do presente estudo. Entre os
artigos selecionados para leitura, 33 se enquadram nos objetivos do presente trabalho
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Introduction

Most peripheral nerve sheath tumors (PNSTs) correspond to
schwannomas, which are also known as neurilemomas or
neurinomas. They are benign tumors, usually solitary, which
develop and reach sizes between 1.5 cm and 3 cm in diameter;
there is also the possibility of presentation as several tumors
following the same path of the nerve. In most cases, these
tumors consist of well-differentiated Schwann cells, and the
occurrence of malignant transformation is rare.’

Epidemiologically, they are the most common peripheral
nerve tumors in adults; they usually occur when the indi-
vidual is between 30 and 50 years old, with no significant
difference regarding ethnicity or gender. They comprise ~ 8%
of all intracranial tumors, and ~ 29% of spinal tumors. About
12 to 19% of the cases of schwannoma occur in the upper
extremity of the body, while 13.5 to 17.5% of the cases occur
in the lower extremity.1

The present work aims to perform a literature review about
schwannoma of the peripheral nerves, describing its defini-
tion, epidemiology, symptomatology, diagnosis and surgical
treatment.

Methodology

The present is a descriptive work, based on review of articles
available in the PubMed database with the descriptors
schwannoma and peripheral nerves. Only papers published
between 1981 to 2019, focusing the on peripheral nerves,
were selected. Studies focusing on the cranial nerves were
excluded. Reference books on the subject were also used.

Results

A total of 391 articles were included; after reading the titles,
we noticed that 67 fit the topic of the present study. Among
the articles selected for reading, 33 fit the objectives of the
present work, and were used to support the writing.

Discussion

Definition
Schwannomas are tumors that arise from Schwann cells and
are characterized by slow growth, which can create a capsule

e por isso foram considerados para a redagdo do presente artigo.

Conclusao Os Schwannomas sdo tumores benignos da bainha de mielina que se
desenvolvem com sintomatologia local ou auséncia de sintomas e que apresentam
bom prognéstico cirlrgico, com taxas usualmente reduzidas de complicacdes

around the lesion. They are typically composed of well-
differentiated Schwann cells.>> (~Fig. 1)

Schwannomatosis is a genetic disease characterized by
the development of multiple peripheral tumors.*

Epidemiology

Less than 5% of the tumors of the extremities are PNSTs.”
Studies have shown a disproportionately greater incidence of
schwannomas in the upper extremities (the head and neck,
involving the spinal nerves and the brachial plexus), which is
double that of those in the lower extremity; this is in contrast
with neurofibromas, which are equally distributed through-
out the nervous system.>® Only 1 to 3% of the schwannomas
occur in the pelvis. In addition, the involvement of the

Fig. 1 Macroscopic aspect of the schwannoma.
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obturator nerve is extremely rare, with only nine cases
reported in the literature in English.”

Although all ages can be affected, schwannoma is the most
common peripheral nerve tumor in adults, whereas pediat-
ric cases are rare. They have a peak incidence in individuals
between 30 and 60 years old, with an incidence of 0.3 to 0.4
cases per 100,000 people per year. Most studies do not show
gender preference, but some series show a predominance of
female intracranial tumors.>>8

Schwannomas can be benign or malignant; benign tumors
are the most common tumors of the peripheral nerves, and
recurrence or malignant transformation rarely occurs. When
they occur, recurrences are more common (30-40%) regard-
ing the cellular schwannomas of the intracranial, spinal and
sacral regions.?>°

Clinical Manifestations

The schwannoma originates from the nerve sheath, and can
occur anywhere within the peripheral nervous system. It is often
asymptomatic, and may occasionally present only as a small
palpable tumor mass, with few or no neurological deficits.”

It usually becomes symptomatic secondary to nerve com-
pression and local mass effect. The symptoms depend on the
location, with radiculopathy being the most frequent initial
symptom, followed by paresthesia and limb weakness.'®

When large nerves are affected, the tumor has character-
istically eccentric growth, and the nerve is displaced toward
the periphery. Clinically, Schwannomas can mimic a lipoma
or a ganglion at the skin level >>8

Schwannoma of the tibial nerve or sciatic nerve, for
example, can mimic the radicular pain in the legs, which
can lead to an erroneous diagnosis of radiculopathy.11

Involvement of the brachial plexus is uncommon, and
usually presents as a palpable, slow-growing, supraclavicular
or axillary mass, usually without pain or neurological signs.>

Predictors of malignancy include rapid tumor growth, posi-
tive predictive value (PPV) of 95%, and presence of any loss of
neurologic function (PPV of 73%), which probably reflects nerve
injury. The pain, however, can be observed in 75% of all
peripheral nerve sheath tumors, and its PPV for malignancy
is between 20% and 30%. Nonetheless, when considering the
character of pain, resting pain is more likely to be observed in
schwannomas, which are believed to be caused by the release of
substances that stimulate pain receptors.12

Histopathology

Schwannoma is generally composed primarily of Schwann
cells that possess moderate amounts of eosinophilic cytoplasm
with no discernible cell borders. Schwann neoplastic cells are
arranged in two patterns.

The Antoni A pattern is represented by areas of compact,
elongated cells with occasional nuclear palisades. In Antoni A
tissue, there are normochromic spindle-shaped or round
nuclei similar in size to smooth, tapered rather than closed
muscle cells. In this pattern, the tumor cells are very close
together, forming nuclear palisades (Verocay bodies), which
are alternating parallel lines of tumor cell nuclei with
densely-aligned cellular processes.” All tumor cells have a
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pericellular reticulin pattern corresponding to the surface
soil membranes.

In Antoni B tissue, tumor cells have smaller nuclei, generally
round to ovoid, and are arranged freely. Collections of lipid-
loaded cells may be present within the Antoni A or B tissues.” It is
also noted that the B pattern consists of fewer cells, whose
textures are superficial, with indistinct processes and variable
lipidization.? In contrast to schwannomas, neurofibromas do not
contain Antoni A and Antoni B regions, and are less likely to show
myelogenous and degenerative areas.'? Secondary degenerative
changes of the tumor can be shown and characterized by the
formation of cysts, hyalinization, hemorrhage and calcification.
However, degeneration of the ossification is extremely rare.'>
(=~Fig. 2)

Examples of nuclear pleomorphism such as bizarre forms
with cytoplasmic nuclear inclusions (“old schwannoma”)
and occasional mitotic figures may occur, but should not
be considered as indications of malignancy. Malignant trans-
formation rarely occurs in conventional schwannomas.?

Schwannomas, immunohistochemically, show strong
positivity to proteins, including S-100, vimentin and CD56,
and negativity to desmin, smooth muscle myosin, SMA, CD34
and CD117.>"3 In both histological patterns of Schwanno-
mas, the S-100 protein is positive and essential to establish
the diagnosis.?

One of the types of these tumors is the schwannoma cell.
This variant is hypercellular, composed exclusively or largely
by Antoni A tissue, and has no Verocay bodies.'

Melanocytic schwannoma consisting of cells with ultra-
structure and the immunophenotype of Schwann cells con-
tains melanosomes, reactivity to melanoma markers, heavy
melanin deposition, presence of psammoma bodies, nuclear
pleomorphism and low mitotic rate."”'® Hyperchromasia
and macronuclei are common cytological atypia, unlike the
reticulin pattern that is generally poor in this subtype.?

Melanotic Schwannoma is a rare primary tumor, predom-
inating in spinal and paraspinal nerves, with a global preva-
lence of less than 1% of primary PNSTs. It is a rare tumor that
usually involves roots of the spinal nerves, but may also
present in other anatomical sites. The recent publication of
the largest series of cases'® suggested that it was a separate
entity from other schwannomas, and that its reclassification
to a malignant lesion is considered.

Genetics
Extensive analyses have shown that the NF2 gene acts as a
tumor suppression gene, and is an integral part of the forma-
tion of Schwannomas, with the inactivation of the NF2 gene
detected in ~ 60% of these tumors.'’~22 These genetic events
are predominantly small frameshift mutations that result in
truncated protein products.?3

In most cases, such mutations are accompanied by the loss of
the other allele on chromosome 22q. Still, other cases demon-
strate loss of the 22q chromosome in the absence of detectable
NF2 gene mutations. However, loss of expression of the Merlin
gene, demonstrated by Western blot or immunohistochemistry,
appears to be a universal finding in schwannomas, regardless of
its mutation or allelic status, suggesting that disruption of the
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Fig.2 Schwannoma staining eosin hematoxylin. The white-colored arrows point to a region with less cellularity compatible with a Verocay body.
(A) An area of Antoni A due to the presence of Verocay body and palisade pointed by black arrow. (B) An area of Antoni B in which there is no

predominance of palisade area or Verocay body.

Merlin gene function is an essential step in schwannoma
oncogenesis.z“‘26

Mutations of the Merlin tumor-suppressor gene cause the
development of multiple tumors of the nervous system, one
being schwannoma. The Merlin gene is known to be involved in
the regulation of a variety of cell signaling pathways to control
cell matrix adhesion, proliferation and survival. The benign
nature of tumors deficient in Merlin makes them relatively
insensitive to conventional chemotherapy, with invasive sur-
gery or radiosurgery being the main therapeutic options.?’

The AxI, Tyro3 and Mer (TAM family) receptors have a high
expression in the TAM family receptors, so that Axl, Tyro3
and Mer are expressed at higher levels in the schwannoma
when compared with normal Schwann cells. The expression
of the AxI and Tyro3 receptors, but not Mer, was diminished
by the reintroduction of the Merlin gene.?’

The relevance of the Axl receptor in tumors deficient in
the Merlin gene is marked by findings demonstrating that
such a receptor is down-regulated by the Merlin gene and
positively by the E3 ubiquitin ligase CRLADCAF1. The Merlin
gene appears to inhibit E3 ubiquitin ligase, which is respon-
sible for changes in tyrosine kinase receptor expression in
tumors with this gene.?’

Other genetic alterations are rare in schwannomas, al-
though a small number of cases with loss of chromosome
1p, gain of 9q34, and gain of 17q have been reported.?®%°

In patients with type-2 neurofibromatosis, it is important
to remember which schwannomas can form along the course
of the peripheral nerve and provoke peripheral neuropathies.
Nodular subcutaneous schwannomas are identified in ~ 40%
of patients, and often cause pain and may produce pain during
palpation. In this group of patients, symptomatic lesions of the
peripheral nerves are mainly treated by surgical resection.?’

Diagnostic Imaging

All of the imaging modalities presented here are useful in the
preoperative diagnosis of schwannomas; however, each of
these methods has limitations in distinguishing the different
types of tumors from the nerve sheath and establishing a
differentiation between benign and malignant lesions."!
Although they do not have specificity, they are endowed
with a certain diagnostic value, and some radiological char-
acteristics can help doctors differentiate these tumors, help-
ing to guide their approach.’?

Ultrasonography

On ultrasonography (US), most PNSTs, including schwanno-
mas, are hypoechogenic and have posterior acoustic reinforce-
ment, making them look like a ganglion cyst, which can also be
observed in other tumors of uniform cellularity, such as
lymphomas.>'"12 The presence of blood flow on the Doppler
can distinguish a PNST from a cystic lesion.”

On US, schwannomas appear as well-defined, ovoid, het-
erogeneous masses together with cystic degeneration and
eccentric location.!" Although magnetic resonance imaging
(MRI) and US can be used to aid in the differentiation
between benign and malignant tumors, these techniques
are not consistently reliable; however, it is possible to
identify signs of degeneration of long-standing tumors by
features such as calcifications.”'(~Fig. 3)

Computed Tomography

On computed tomography (CT), the typical Schwannoma is
characterized as an oval-shaped lesion with soft tissue
density, heterogeneous, generally with well-defined limits,
established by the encapsulation, and they may also present
cystic degeneraltion.3’13
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Fig. 3 Note the ultrasonographic aspect of the schwannoma of the median
nerve (black arrows). This tumor presents a well-defined limit in this modality
of examination. Schwannomas are hypoechoic on ultrasonography.

Some histopathological features of schwannomas may be
reflected radiological patterns in tomography images. High
cellularity of Antoni A areas produce as inhomogeneous
images due to the increased lipid content. On the other
hand, Antoni B areas can present cystic/multiseptate com-
ponents and reveal hypodensity due to loose stroma and low
cellularity'® (~Fig. 4A and 4B).

Magnetic Resonance Imaging

The MRI enables the identification and characterization of
lesions with neural involvement, their relation to important
anatomical structures, and the extent of intrinsic or extrinsic
nerve involvement.>' "2 The lesion is typically visualized as a
well-defined mass of fusiform shape, located within the nerve,
iso- or hypointense in the signal related to the skeletal muscle in
T1-weighted images, and with increased signal intensity and
slightly heterogeneous in T2-weighted images'"-'? (~Fig. 5A
and 5B).

Fig.5 Magnetic resonance imaging scan of the right lower limb (T1and T2
respectively). (A) Normal tibial nerve (black arrows) and the hypointense
tumor (white arrows). (B) Enhancement of the tumor with gadolinium.

Postcontrast enhancement in T1-weighted images is con-
sidered a defining characteristic of schwannomas. The pattern
of this enhancement is characteristically non-homogeneous,
with a prominence at the periphery of the lesion. Whether on
the MRI or US, cystic changes can be observed and probably
represent fluid secretion from tumor cells or areas of the
tumor where cell growth has surpassed the blood supply.>

Another benefit of the MRl is the possibility of differentiating
between neurofibromas and schwannomas based on charac-
teristic findings and an understanding of the intraneural

Fig.4 (A) Computed tomography of the lumbosacral spine in a coronal section. The black arrow points to Schwannoma of the spinal nerve S1 on

the right. (B) Notice the same intraoperative tumor (white arrow).

Arquivos Brasileiros de Neurocirurgia  Vol. 38 No. 4/2019



anatomy. Schwannomas are usually encapsulated and eccen-
trically located, while neurofibromas are usually located cen-
trally in the nerve sheath and have fascicles that span the tumor,
often spreading it in a fusiform fashion. These most commonly
demonstrate a target signal, which is a peripheral hyperintense
ridge and a central hypointense region in T2-weighted MRI.
Schwannomas, more frequently, present a diffuse increase in
contrast in the T1 sequence of the MRI.

Although the reliability of imaging techniques in the differ-
entiation of benign and malignant neurogenic tumors is not
fully established, certain magnetic resonance characteristics
may suggest malignancy, such as large volume tumors, perile-
sional edema, and intratumoral cystic changes'? (~Fig. 5A
and 5B).

Tractography
The treatment is a technology that enables, through the MRI,
the visualization of the cerebral tracts. The construction of the
MRI can be performed using conventional anatomical techni-
ques and diffusion-based functional techniques that have the
potential to overcome the limitations of the conventional MRI
duetoits ability to analyze the microstructure of the tissue.3%3'

An important goal of the surgical treatment is the mainte-
nance of intact limb involvement, with free and tumor-free
resection margins, resulting in an oncologically safe preserva-
tion of the peripheral nerve. Thus, the treatment represents an
extremely valuable tool for the preoperative evaluation of these
tumors due to its excellent contrast to soft tissues and its
potential to acquire structural image data and to identify where
the motor fascicles are passing in the peripheral nerve
structure.’!

The topographic relationship between the peripheral
nerve and the tumor can be unequivocally visualized in
the treatment, even in the presence of an important alter-

Peripheral Nerve Schwannomas Magalh3es et al.

ation of the regional anatomy. In schwannomas, the tumor
characteristically originates in the sheath of only one fascicle
(main fasciculus or “mother”), leaving the main trunk of the
peripheral nerve connected to the mass, and the perception
of this topographic relation proves to be particularly impor-
tant. Thus, a spatial description detailing the location of the
motor nerve and the PNST may be extremely valuable to plan
the elective surgery for otherwise benign lesions. It is
important to state that tractography is a neuroimage exam
still restricted to specialized centers, and it presents a
practical limitation regarding its use as an elective exam.’'

Treatment

Surgery

Schwannomas can be resected and evolve with reasonable
morbidity, although microscopic enlargement is indicated to
avoid damage to nerve fibers. Surgery is successful, with
preservation of neurological function in 90% of schwanno-
mas, 80% of neurofibromas, and 66% of neurofibromas in
those with type-1 neurofibromatosis.’

Patients whose schwannomas are treated by excision with
intracapsular enucleation may evolve with sensory and/or
motor dysfunction, but few develop long-term neurological
deficits. Approximately 80% of patients who have benign tumors
experience improvement or complete resolution of pain.
Patients who have already undergone biopsy or surgery often
have less satisfactory results. Recurrences are quite rare when
complete resection is performed. The tumor may be enucleated
from the nerve without lesion to the nervous fascicles, except for
the one that originated the tumor.” (~Figs. 6A-6D)

When resection is performed by experienced surgeons,
these tumors can be achieved in both superficial and deep
sites, including the brachial plexus, lumbosacral plexus, and

Fig.6 (A)Schwannoma causing bulgingin the peripheral nerve. (B) After the opening of the epineurium, it is possible to identify the presence of the tumor
involved by viable nervous fascicles. (C) After the correct dissection of the tumor, the fascicles were removed peripherally to preserve them. (D) Complete
excision of the Schwannoma is noted with sacrifice only of the bundle that originated it. Source: Marcelo Magalhdes and Henrique Oliva.
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paraspinal region. Neighborly nervous elements must be
mobilized and preserved, and should be identified and
protected proximally and distally to the tumor itself before
the direct resection attempt. Intraoperative electrophysiol-
ogy or nerve stimulation may help to identify safe areas in
which dissection can be performed, so it assists in the
determination of functional and nonfunctional fascicles
and facilitates tumor resection.>

There are already descriptions of the resection of schwan-
nomas through the endoscopic technique for the obturator
nerve and sacral spinal nerves.”33:34

Conclusion

Schwannomas are capillary tumors of the myelin sheath,
which, for the most part, have benign behavior. They may
present asymptomatic or with local symptomatology, evolv-
ing with paresthesia, anesthesia and pain, due to nervous
compression (mass effect). Imaging tests such as the US and
MRI help in the diagnosis. Macroscopically, they present
eccentric growth, promoting the centrifugal displacement
of the axonal fibers. This feature enables its surgical enucle-
ation without compromising the nerve fibers. When it is
approached by experienced professionals and with adequate
techniques, the patients do not usually have motor sequelae.
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