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Abstract

Objective: Schwannomas are the most common type of neoplasm of the peripheral nerves. Enucleation is a standard surgical
procedure; however, it occasionally results in iatrogenic nerve injury, even with atraumatic procedures. Herein, we present the
clinical characteristics of schwannoma arising in the extremities and discuss the clinical outcomes of extra- and intra-capsular
enucleation.

Patients and Methods: We reviewed 122 schwannomas treated at our institute. Schwannomas arising from the minor nerve (n=30)
or intramuscularly (n=15) were operated using the extra-capsular technique. Of the 77 major nerve schwannomas, 62 schwannomas
were treated using the intra-capsular technique and 15 schwannomas using the extra-capsular technique.

Results: Neurological deficits following enucleation were significantly lower using the intra-capsular technique than with the
extra-capsular technique. The patient age, duration of symptoms, maximum tumor diameter, and site of occurrence were not as-
sociated with subsequent neurological deficits. With both techniques, no tumor recurrence was observed at the final follow-up.
Conclusion: These results support the use of intra-capsular micro-enucleation as a safe and reliable treatment for every type of
schwannoma. To minimize the risk of nerve injury, en bloc resection should not be used because the main purpose of schwannoma

surgery is the relief of symptoms, not tumor resection.
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I Introduction

Schwannomas are the most common type of neoplasm of
the peripheral nerves. They present as a benign tumor with-
in the nerve sheaths and consist of hypertrophied Schwann
cells). Schwannomas are usually solitary (95%); however,
some authors have reported multiple tumors in the extremi-
ties, which is referred to as schwannomatosis®?.

Surgical enucleation is the established treatment modal-
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ity. However, some schwannomas cannot be easily enucle-
ated; this occasionally results in an iatrogenic nerve injury,
even with atraumatic procedures.

In this review, we present the clinical characteristics and
diagnosis of a schwannoma arising in the extremities and
discuss the clinical outcomes of the extra- and intra-capsu-
lar enucleation techniques.

Anatomy of Schwannoma and the
Peripheral Nerve

Schwannomas are derived from the myelinating cells of
the peripheral nervous system and are composed almost en-
tirely of Schwann cells’.

Two distinct patterns of architecture were evident in
these tumors. The Antoni-A component is a fibrillary, in-
tensely polar tissue with an elongated appearance, while the
Antoni-B component is composed of distinct, loose micro-
cystic tissue adjacent to the Antoni-A regions®.

The tumor is well encapsulated by the following, 1) the
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epineurium, 2) the perineurium from the nerve bundle of
origin, and 3) the pericapsular tissue that may contain nerve
fibers and a tumor capsule that is often covered by tortu-
ous blood vessels. The remaining nerve fascicles are spread
over the capsule of the tumor; however, axons are not usu-
ally present within the tumor. This structure suggests that
schwannomas can be removed without causing damage to
the underlying nerve fascicles>®.

Diagnosis and Classification of
Schwannoma: Which Nerve Does It
Arise From?

An accurate diagnosis is the first essential step in the
treatment of schwannomas. However, a preoperative diag-
nosis can be difficult, and there is a high risk of misdiagno-
sis due to the relatively low incidence of schwannomas and
because the clinical signs and symptoms are often unclear.
An isolated, palpable, slow-growing mass with a positive
Tinel-like sign often leads to a suspicion of schwannoma;
however, these findings and symptoms are not always typi-
cal.

Schwannomas are classified into three types depending
on the nerve of origin (Table 1). The first type originates in
the major nerve located intermuscularly, the second origi-
nates in the minor superficial sensory branch located subcu-
taneously, while the third originates from bundles of the in-
tramuscular motor nerve’™. This classification is useful for
preoperative diagnoses and the choice of an operative proce-
dure. The frequency of tinel-like signs in schwannomas has
been reported to be between 43% and 94%° 9. Tinel-like
signs are usually positive in major nerve schwannomas be-
cause this nerve consists of several mixed bundles of sen-
sory and motor nerve fibers. The clinical characteristics of
the three types of schwannomas are summarized in Table 1.

The diagnosis of schwannoma arising in the extremities
is usually straightforward and is based on physical and im-
aging findings”. Magnetic resonance imaging (MRI) is the
most informative, with tumors often showing homogenous
low signal intensity on T1-weighted images and high inten-
sity on T2-weighted images>®. The “target signs” of central

Table 1 Three types of schwannoma: clinical features and treatment

low-intensity signal and peripheral high-intensity signal are
present in approximately 50% of patients”. A well-defined
capsule is always present.

IWhy Does a Schwannoma Cause Pain?

A schwannoma is characterized by a slow and non-infil-
trating pattern of growth that usually presents as a painless
swelling for several years without any specific symptoms.
When schwannomas become larger than 25 mm in diame-
ter, patients frequently present with neurological symptoms,
such as neuropathic pain, dysesthesia, sensory loss, and the
presence of a tingling sensation due to local pressure ex-
erted on the originating nerve® ' 12,

It is still unclear why major nerve schwannomas cause
severe pain and neurological deficits in the originating
nerve. The onset of symptoms correlates with progressive
tumor growth and a sufficiently large tumor volume to com-
press the originating nerve. Long periods of compression
are initially linked to venous insufficiency, with venous oc-
clusion causing fatigue in the affected area, discomfort, and
eventually pain. Additionally, mechanical compressive forc-
es cause the cessation of retrograde and anterograde axonal
transport, further aggravating nerve dysfunction and lead-
ing to structural damage, axonolysis, and finally Wallerian
degeneration'®.

Surgical Resection of Schwannoma:
Indication and Purpose

Tumor resection is occasionally indicated for minor
nerve schwannomas and intra-muscular schwannomas. If
the diagnosis is not clear, a resection biopsy is recommend-
ed using the extra-capsular technique or simple excision.

The resection of a major nerve schwannoma is dependent
on the patient’s symptoms. If the diagnosis is confirmed by
MRI and the patient is asymptomatic, conservative treat-
ment is recommended. However, Park et al.' warned that
large tumors are associated with a greater risk of major
neurological deficit after surgery and therefore strongly rec-
ommend early surgical enucleation when a schwannoma is

Originating . o . Sensory Motor Recommended .
Symptom  Tinel-like sign Location . . Prognosis
nerve disturbance disturbance procedure
. . .. . sometimes occasionally intra-capsular occasionally
Major nerve  painful mass often positive inter-muscular .. .. . . .
positive positive enucleation neurological deficit
Minor sensory . sometimes usually usually . extra-capsular
painful mass . . negative . .. good
branch negative subcutaneous negative enucleation or excision
Intramuscular . . intra- . . extra-capsular
painless mass often negative negative negative . .. excellent
motor branch muscular enucleation or excision
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found.

We propose that early resection should not be performed
because the main reason for schwannoma surgery is to re-
lieve pain and tingling sensations, rather than resection of
the tumor itself. Careful preoperative counseling is neces-
sary to inform patients about the potential for immediate
neurological deficit'> !9,

Techniques for Enucleation of
Schwannoma: Extra-Capsular and
Intra-Capsular

Schwannomas are located eccentrically in peripheral
nerves and are well encapsulated by the epineurium, peri-
neurium, and tumor capsule. Therefore, it is generally ac-
cepted that careful dissection under magnification can
achieve complete enucleation without causing neurological
deficit'” ¥, Although many published studies support this
concept®2Y, this may not always hold true??>29. A recent
study reported that some schwannomas cannot be complete-
ly enucleated®®. Even when a schwannoma is dissected from
the involved nerve using the atraumatic technique, incom-
plete nerve palsies can sometimes occur.

Two main approaches have been reported: extra-cap-
sular and intra-capsular enucleation®”. Till date, enucle-
ation techniques have mostly been used for extracapsular
resection along with the tumor capsule. Good results have
been reported with both types of enucleation technique® & ',
However, neurological deficits were reported in more than
70% of patients in more recent studies?*?2%. This notable
and unacceptably high incidence of iatrogenic nerve injury
following enucleation raises questions about the purpose of
treatment for schwannoma. To minimize the risk of intraop-
erative injury, our preference for the treatment of schwan-
noma arising in the extremities is the modified microsurgi-
cal technique of palliative, intra-capsular enucleation?”. The
occurrence of neurological deficits following the extra-cap-
sular and intra-capsular enucleation of schwannomas should
be compared in future studies.

Incidence of Neurological Deficit
Following Extra-Capsular Enucleation

The incidence of complications following the surgical
treatment of peripheral schwannomas is extremely variable,
ranging from 1.5% to 80% in the literature. Oberle et al.*¥
reported an immediate postoperative sensory deficit in 50%
of the cases. Donner et al.” reported that 13% of 85 schwan-
noma patients developed motor weakness after enucleation.
In a series of schwannomas from the upper limb, Adani et
al.? reported postoperative paresthesia in 23 of 24 patients.
Knight et al.? reported significant complications in only 5 of
198 (2.5%) patients; however, these authors did not describe
the detailed surgical technique. In a recent study, Park et
al.™ reviewed 56 patients treated with enucleation and re-
ported that 41 patients (73%) developed a new neurological
deficit.

Sawada et al.*® suggested three possible explanations
for the occurrence of nerve dysfunction even when careful
enucleation was performed. First, some of the fascicles sur-
rounding the tumor may be damaged by incision of the epi-
neurium, although these may still be functional. Second, a
longitudinal incision in the nerve sheath may divide a small
number of fascicles running through the tumor mass. Third,
intact fascicles that are not involved in the tumor may be-
come compressed during or after the operation, resulting in
neurapraxia injury.

It is unclear which of the above contributes the most to
nerve dysfunction. Park et al.'¥ stated that the transection
of fascicles running through the tumor is the major cause of
postoperative neurological deficits. However, Donner ef al.”
stimulated the fascicles entering the tumor substance and
found that their division did not usually lead to increased
neurological deficits because they were already non-func-
tional.

From 2000 to 2004, our group performed enucleation
using the extra-capsular technique. However, after 2005,
we performed enucleation with the intra-capsular technique
due to the high incidence of neurological deficits after sur-
gery. To minimize the risk of nerve injury, we advocate sev-
eral procedures, as summarized in Table 2.

Table 2 Factors to minimize neurological deficit after enucleation

Pre-operative

Avoid unnecessary biopsy

Intra-operative

Perform intra-capsular enucleation for major nerve schwannoma

Limited incision of the epineurium
Atraumatic dissection, especially at proximal and distal poles

No en-bloc resection if traumatic

Post-operative

Drainage to prevent hematoma

Raising the affected limb
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Surgical Technique for Intra-Capsular
Enucleation Under the Microscope

We applied an air tourniquet, if possible, to prevent hem-
orrhage and to maintain good vision under the microscope.
The skin incision was made in the center of the tumor and
extended along the anatomic course of the involved nerve.
Thus, the tumor was exposed, and the proximal and distal
extents of the affected nerve were defined using vascular
tapes (Figure 1). At this point, the location of the uninvolved
fascicle splaying over the tumor surface was carefully not-
ed. Using a sharp-pointed knife, a longitudinal incision was
made in the epineurium distant from the fascicles, until the
shiny surface of the tumor was exposed. This incision was
always parallel to the nerve and was limited to within 75%
of the tumor length. A small sample of the tumor was sent
to the pathology department to confirm the histopathologi-
cal diagnosis during the operation. A gentle dissection along
the plane of the capsule and epineurium was performed us-
ing a curette (Figure 2). Usually, the central portion of the
tumor is not adherent, thus allowing the separation of the
tumor and epineurium. However, care must be taken not to
ablate the fascicle and tumor, especially at the proximal and
distal poles of the tumor, because traumatic ablation can in-
jure the fascicle and damage any remaining nerve function.
The tumor was resected piece-by-piece as much as possible
(Figure 3). An en bloc resection of the schwannoma was
never performed if the epineurium and capsule were tightly
adhered. Intraoperative nerve conduction studies aimed at
identifying functional and non-functional fascicles were not
performed because it was impossible to obtain an accurate
diagnosis.

Following the release of the tourniquet, bleeding was
carefully stopped to prevent secondary compression of the
affected nerve by hematoma (Figure 4). Suction drainage
was routinely performed for 3 days after surgery, and the
dissected window of the epineurium was left open. It is to
be noted that a tight bandage was never applied, and the af-
fected extremity was kept in a raised position for at least one
week after surgery (Table 2).

Clinical Outcome Following Extra- or
Intra-Capsular Enucleation in Our Patient
Series

Beginning in 2000, we identified 122 patients from our
institute who underwent surgical excision of schwannoma
arising in the extremities (Table 3). This study was approved
by the Regional Ethics Committee of Nagato General Hos-
pital. All cases were histopathologically confirmed after the
surgery. A single nerve was affected in 119 patients, while
three patients exhibited multiple lesions. There were 59 men
and 63 women with a mean age of 59.3 years (range, 22—85

years). The size of the schwannomas was estimated using
MRI from their longitudinal extent along the affected nerve.
The average tumor size was 31.7 mm (range, 10-100 mm).
The interval between the onset of symptoms and surgical
excision ranged from 1 month to 120 months (mean, 45.4
months). Tinel-like signs were noted in 83 patients and sen-
sory disturbances in 23 patients, while 6 patients presented
with motor weakness or palsy. The mean follow-up period
after surgery was 11.2 months (range, 6—48 months).

Notably, 77 schwannomas arose from the major nerve,
whereas 30 schwannomas arose from the minor sensory
nerve branch present mainly in the subcutaneous tissue.
Fifteen schwannomas exited intra-muscularly and probably
arose from the small motor nerve. Of the 77 major nerve
schwannomas, 62 were treated using the intra-capsular tech-
nique and 15 using the extra-capsular technique. Schwanno-
mas arising from the minor nerve (n=30) or intramuscularly
(n=15) were managed using the extra-capsular technique or
by simple excision.

The severity of postoperative neurological deficit was
classified into 3 grades: grade 1, no or minor deficit ex-
perienced, or development of only minor and temporary
sensory changes that recovered within 6 months; grade 2,
developed major new neurological deficits that took more
than 6 months to recover; and grade 3, transiently developed
new motor deficits or paresthesia after surgery that had not
recovered at the final follow-up.

After surgery, pain relief was satisfactory in all the pa-
tients with major nerve schwannoma. Tinel-like signs were
strongly positive shortly after surgery but decreased there-
after. Of the 15 patients with major nerve schwannoma, who
underwent surgery using the extra-capsular technique, nine
patients showed a major neurological deficit (grade 2), four
patients showed transient deficit (grade 3), and only two pa-
tients had minor deficits (grade 1) after surgery. In contrast,
of the 62 cases with major nerve schwannoma operated using
the intra-capsular technique, only two patients (3%) showed
major deficits and the remainder of patients (97%) showed
minor deficits. All 45 patients with minor nerve or intra-
muscular schwannomas experienced only minor deficits af-
ter surgery. One patient with schwannoma arising from the
median nerve showed no neurological deficit immediately
after surgery, but later developed numbness in the middle
finger caused by hematoma and the use of a tight bandage.
This symptom was relieved after bandage removal. Three
patients with major nerve schwannoma required re-explora-
tion due to a residual palpable mass. However, none of the
patients showed recurrence of the tumor, and intra-capsular
seroma or hematoma was not observed in each case. No re-
currence of the tumor was observed with either technique
up to the final follow-up.

Postoperative neurological deficits for the two surgical
procedures of extra-capsular and intra-capsular enucleation
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Figure 1 A schwannoma was seen inside the epineurium. The tumor Figure 2 A longitudinal incision in the epineurium was made at a
was exposed, and the proximal and distal portions of the af- distance from the fascicles. This incision was parallel to the
fected nerve were maintained with vascular tapes. nerve and was limited to within 75% of the tumor length.

Figure 3 Gentle dissection along the plane of the capsule and epineu- Figure 4 Following release of the tourniquet, bleeding was carefully
rium was performed using a curette. The tumor was resected stopped to prevent secondary compression of the affected
piece-by-piece. En block resection of schwannoma was not nerve by hematoma.

performed if the epineurium and capsule was tightly adhered.

Table 3 Our series of 122 patients with extremity schwannoma

Origin Overation N Biopsy Location Minor Major Transient *FU Re-
£ P (%) deficit (%) deficit (%) deficit (%) (month)  operated
Major nerve Intra-capsular enucleation 62 7 (11) *Upper: 30 60 (97) 2(3) 0 12 3(6)
Lower: 32
Extra-capsular E 15 1(7) U:6 2(13) 9 (60) 4(27) 15 0
L:9
Minor nerve Extra- or excision 30 4(13) U:8 30 (100) 0 0 6 0
L:22
Intra-muscular Extra- or excision 15 4(27) U: 6 15 (100) 0 0 6 0
L:9

*Upper: upper extremity; Lower: lower extremity. **Minimum follow-up.

2021; 16(4): 184—190 | doi: 10.2185/jrm.2021-020 | 188



were compared statistically. Fisher’s exact test was used to
compare resection with the two enucleation methods. The
level of significance was set at P<0.05. The occurrence of
neurological deficits following tumor excision was signifi-
cantly lower with the intra-capsular technique than with the
extra-capsular technique.

Influence of Tumor Location, Duration,
and Size on the Neurological Deficit

It is important to consider the possible risk factors as-
sociated with nerve deficits following enucleation, although
these remain controversial. Oberle et al.*® reported that
postoperative neurological deficits occur mostly in patients
with large tumors or those with long-standing symptoms.
Sawada et al.*® suggested that schwannomas arising from
the brachial plexus or the proximal part of the upper arm
may present a higher risk of injury during surgery. Takase
et al.®® reported that the period required for recovery of neu-
rological deficits was significantly correlated with the dura-
tion of the pretreatment symptoms, but was not influenced
by the tumor size. Conversely, Park et al.'¥ reported that the
age and duration of symptoms were not significantly linked
to neurological deficits. Instead, they suggested that larger
tumors were associated with a greater risk of major neu-
rological deficits following surgery and therefore strongly
recommend early surgical enucleation of schwannoma.

In our series treated with palliative intra-capsular enu-
cleation (n=62), we found no significant correlation between
the postoperative neurological deficit and tumor location

I References

and size, or onset of symptoms by the Mann-Whitney U test.
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