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Abstract

Inroduction: Schwannomas are the most common tumors of the peripheral nervous system. Surgical eradication with excision or
enucleation is the treatment for symptomatic and large schwannomas.

Aim: Few studies have investigated the clinical outcomes related to the surgical approach to schwannomas. Our study aims to evaluate
the clinical and functional results of surgery for the treatment of upper limb schwannomas.

Materials and methods: Twenty-two cases of upper limb schwannomas were surgically treated in our institution between January
2016 and December 2023. All cases underwent preoperative and 6-month postoperative MRI. For each case, we recorded the diagnostic
interval (symptom-diagnosis), symptoms (stenosis or sensory deficits, pain, and Tinel test), and both pre-and postoperative functional
status (with DASH and MSTS scores). We also recorded complications and local recurrences.

Results: On average, the diagnosis was made 16.7 months after the onset of the first symptom. The mean preoperative MSTS, DASH,
and MRC values were 27.9, 5.7, and 4.8, respectively. We had no intra-operative complications. After a mean follow-up of 43.1 months,
MSTS, DASH were 29.7/30 and 0.7, respectively. No case developed local recurrences. No case recorded stenosis deficits at the last
follow-up. Only one patient developed local paresthesia (9%), while two reported modest dysesthesias.

Conclusions: An adequate surgical approach, possibly preceded by a rapid diagnosis, can significantly improve the symptoms caused
by schwannoma, restoring the functionality of the upper limb.
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INTRODUCTION

the incidence of cases involving upper and lower limbs is
significantly lower.!"?! These tumors often present as slow

The schwannomas, also known as neurilemmomas or
neurinomas, are the most common benign soft tissue neo-
plasms that originate from the peripheral nerve sheath.!!]
The most common localizations are head and neck, while

growing lone masses, and malignant degeneration into
neurofibrosarcomas or malignant schwannomas is spo-
radic, occurring in less than 1% of all schwannomas.!?!
Although neurinomas can stay clinically silent, symp-
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toms may appear and worsen as the tumor volume in-
creases, compressing the native nerve and of the adjacent
structures. Eventual clinical manifestations may consist
of various combinations of pain, swelling, and alteration
of neuromotor or sensitive neurological functionality.**!
The Hoffman-Tinel sign, consisting in an induced pain or
paresthesia through percussion, is also typically associated
with schwannomas. >l

Once anamnestic and clinical findings suggest schwan-
noma, imaging evidence is necessary to investigate the le-
sion further. Although ultrasound evaluations can be useful
and easy to perform, MRI remains the radiological inves-
tigation of choice to identify its nerve of origin and further
orient toward the presumptive diagnosis of schwannoma
that usually appears as a well-circumscribed and encapsu-
lated mass, a heterogeneous signal.”

Once the presumptive diagnosis has been established,
surgical treatment is the only available approach to remove
the neoplastic mass. Surgeons are called to remove schwan-
nomas as a whole to minimize the risk of local recurrence
and preserve the continuity of the involved nerve, especial-
ly in the case of major nervous structures. For this reason,
the operative treatment of choice is the enucleation of the
neoplastic mass when it involves a major nerve or complete
resection when the nerve is too thin to be preserved. The
enucleation consists of a linear cut of the perineurium and
a smooth dissection of the neoplastic mass from the nearby
nervous bundles, that should be spared in order to preserve
the nerve’s post-operative functionality.®)

Due to the rarity of schwannomas arising from the up-
per limb, only a few studies available at the moment focus
on clinical presentation and prognostic factors.[>-08-18] and
evaluate the impact of schwannomas and their treatment
on patient’s upper limb functionality.[**!

AIM

This study evaluates the clinical impact of upper limb
schwannomas, focusing on patients’ functionality. We also
assessed the effectiveness of the surgical approach in re-
ducing patients’ symptoms, restoring patients’ upper limbs’
performance, and increasing their quality of life.

MATERIALS AND METHODS

This single-center retrospective study was conducted ac-
cording to the ethical standards in the 1964 Declaration of
Helsinki and its later amendments.

Our study consisted of a review of all schwannomas aris-
ing from the major nerves of the upper limb and treated
with surgery in our institution between January 2016 and
January 2024.

For each patient, we collected data regarding their age,
gender, first symptom associated with the disease, and its
date, alongside the date on which schwannoma was diag-

Surgical treatment for upper limb schwannomas

nosed. We reviewed the tumor’s localization in terms of
the anatomical segment involved (shoulder, arm, elbow,
forearm, wrist, or hand) and the nerve from which the
neoplasm originated. The diagnostic interval, correspond-
ing to the time between the onset of the first symptom and
the definitive histological diagnosis, was recorded for each
patient.

Our patients’ pre-operative functional status was eval-
uated using the Disability of Arm, Shoulder, and Hand
(DASH) score and the Musculoskeletal Tumor Society
(MSTS) score at the moment of hospitalization. Before sur-
gery, the Medical Research Council (MRC) scale was used
to assess the contractile strength of the muscular segments
of the treated area, paying particular attention to those in-
nervated by the involved nerve. In parallel, a Tinel-Hoft-
mann test and a careful examination of the deep and cuta-
neous sensitivity were practiced on every patient suspected
of neurinoma before their intervention.

Each patient underwent a pre-operative MRI (Fig. 1),
which was used to orientate the diagnosis, guide the surgi-
cal planning, and estimate the tumor size.

In the surgical theater, before the surgical incision, le-
sions were localized under ultrasound guidance, in order
to orientate the surgical approach to the tumor. Intra-op-
eratively, the involved nerves were identified and isolated,
and schwannomas were carefully enucleated, preserving
the continuity of the involved nerves (Fig. 2).

Surgical specimens (Fig. 3) were examined by our pa-
thologists to confirm the diagnosis of schwannoma using
routine histology, histochemistry, and immunohistochem-
istry techniques.

All of our patients were treated with oral integration of
lipoic acid, citicoline and vitamins B for 30 days after sur-
gery in order to obtain an antioxidant, neurotrophic and
neuroprotective effect.

Postoperative follow-up consisted of serial office visits,
clinical evaluations, and postoperative MRIs performed
within one month (clinical evaluation only) and later 6 and
12 months after surgery. Further evaluations were sched-
uled depending on the necessities of each single case.

Each complication with a grade II or higher, accord-
ing to the Clavien-Dindo classification, was reported. Lo-
cal recurrences and their eventual treatments were also
recorded.

At each patient’s latest follow-up, we evaluated the pres-
ence of sensitive deficits, repeated the Tinel test, and as-
sessed muscular strength according to the MRC scoring
scale. We also recalculated the overall functional status of
the treated upper limbs using the MSTS and the DASH
score.

Statistical analysis

Statistical analysis was performed using Stata SE 13
(StataCorp LLC, College Station, TX). Statistical signifi-
cance was set at 0.05 for all endpoints.
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Figure 1. A schwannoma arising from the median nerve, in the anterior elbow. The neoplasm was circled both in a sagittal T1 scan (A)
and in a transverse T2 scan (B).

Figure 2. A schwannoma arose from the median nerve, localized in the distal anterior end of the arm. The neoplasm was exposed (A)

and later enucleated, preserving the anatomical continuity of the nerve itself (B).

RESULTS
the remaining two cases were diagnosed with schwannom-
Twenty-two consecutive cases of schwannomas of the upper  as in their wrist and hand (9%). The most common nerve
limbs were treated in our institution between January 2016  of origin for treated schwannomas was the radial nerve (10;
and December 2023. Our cohort included 11 females and ~ 45%), followed by the ulnar (4; 18%) and the median nerve
as many males, with a mean age of 54.0 (38-78) at surgery.  (3; 14%). In the remaining cases, schwannomas arose from
Two cases (9%) had their lesion localized in the shoulder  the brachial plexus (2; 9%), the musculocutaneous nerve (2;
girdles, 6 (27%) in their arms and 5 (23%) in their elbows. The ~ 9%), and the anterior interosseous nerve (1; 5%). A summa-
forearm was the location of 7 (32%) schwannomas, whereas  ry of schwannomas’ localization is provided in Fig. 4.
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Figure 3. A schwannoma with a larger diameter of 7 cm, put in comparison with a surgical scalpel.
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Figure 4. Visual resume of the localization of the schwannomas included in our study.

Only one of our cases (4%) had an incidental diagnosis ~ symptom. Eleven cases (50%) had a positive Tinel sign at
without any sign attributable to the disease. The remain-  the moment of patients’ hospitalization. According to a
ing 21 cases (96%) were brought to medical attention by  two-tailed T Student test, presence or absence of the Tinel
the onset of symptoms attributable to the disease. The first  sign did not represent a factor that influenced the diagnos-
symptom was palpable swelling in 19 cases (86%) and pain tic interval. The mean pre-operative MRC score was 4.8 (4-
in the remaining 2 cases (10%). On average, the diagno-  5), as five patients (23%) experienced a mild reduction in
sis was established 16.7 months after the onset of the first  their muscular strength. Before surgery, 13 cases (59%) had
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developed dysesthesia or paresthesia; symptoms were mild
in 10 (45%) and moderate in 3 cases (14%). The remain-
ing nine patients (41%) did not complain of any sensitive
deficit.

The overall functionality of our patients’ upper limbs was
calculated using the MSTS and DASH scores before surgery.
The mean pre-operative MSTS score was 27.9 (21-30), and
the mean pre-operative DASH score was 5.7 (0-25).

The size of the neoplasms was assessed using the MRI
scans and later confirmed on surgical specimens: the mean
larger diameter was 3.8 cm (1.5-11.0). A Pearson correla-
tion test stated that the larger the schwannomas were, the
lower the MSTS score and the higher the DASH score was
before surgery (p=0.0001).

Intra-operatively, surgeons could successfully enucleate
all the treated schwannomas, preserving the continuity of
all nerves. Histological evaluations confirmed the diagno-
sis of Schwannoma in each case.

None of our cases had major intra-operative or peri-op-
erative complications.

The mean post-operative follow-up was 43.1 (6-92).
Only one patient (Case 14) complained of increased sen-
sitive deficits after surgery, passing from mild to moderate
paresthesia and experiencing hand tingling that was not
present before surgery. The sensitivity deficits of all the
remaining cases with pre-operative deficits were reduced
after surgical treatment, and only two patients (9%) had
dysesthesia at their latest follow-up. According to a Fish-
er Exact test, the rate of sensitive deficits was significantly
lower after surgery compared to the pre-operative records
(p=0.0011).

No Tinel sign was recorded after surgery. Case 14 was
also the only one to maintain a slight muscular strength im-
pairment (MRC 4); the MRC score of the remaining cases
was as high as 5.

The mean post-operative MSTS score was 29.7 (24-30).
The difference between this value and the pre-operative one
was statistically significant, as testified by a Pearson cor-
relation test (p=0.0022).

The mean post-operative DASH score was 0.7 (0-16).
According to a Pearson correlation test (p=0.0029), this
value was significantly lower than the one recorded before
surgery.

None of our cases was diagnosed with a local recurrence
through their post-operative intercourse.

The characteristics of our cohort are summarized in
Table 1.

DISCUSSION

The clinical presentation of the schwannomas of the upper
limb can include a large variety of signs and symptoms.
Correctly evaluating signs and symptoms attributable to
the disease is crucial to starting a proper diagnostic path-
way and minimizing the risk of misdiagnosis. Although the
number of studies in the literature on this topic is slowly

but progressively increasing/2®81%), the distance between
the onset of the first symptom and the establishment of a
histological diagnosis still represents one of the main issues
in clinical practice. The diagnostic interval in our popula-
tion amounted to 16.6 months, aligning with the most re-
cent studies published in the third decade of the 21st cen-
tury (12-30) (Table 2).[+8-1119] Several other studies dating
back to the dawn of the new millennium reported diagnos-
tic delays even longer than 40 months!®1213, testifying to
the difficulty of obtaining an early diagnosis in upper limb
schwannomas. Although the improvements in imaging
technologies and an ever more profound knowledge of soft
tissue tumors show promise of more straightforward and
earlier diagnoses in the future, a better comprehension of
signs and symptoms is still crucial in today’s approach to
upper limb schwannomas. As other authors had already
experienced, the most frequent outbreak symptom in our
cases was localized swelling.[>!21415] This tendency differs
from peripheral lower limb schwannomas, where pares-
thesia and neurological deficits often anticipate a palpable
swelling.?2!] This difference could be attributable to the
fewer subcutis and muscular masses in the upper limb that
unveil the schwannomas before it would have happened in
the more muscular and hypoderma-rich lower limb. Al-
though not prominent outbreak symptoms, sensitive defi-
cits were documented in most of our cases (59%) during
their hospitalization. Our data fall in between a highly
heterogeneous and broad spectrum in literature. Some au-
thors, such as Takase et al.l®/, Sawada et al.'?), and Knight
et al.l?l, reported a prevalence of sensitive symptoms or
muscular weakness lower than 30%. In particular, Knight
et al.l?) carefully evaluated the pre-operative clinical picture
in 170 upper limb schwannomas, highlighting a rate of sen-
sory alterations of 4.5% and a rate of muscular weakness as
low as 1.6%.

On the other hand, Gosk et al.’), El Sayed et al.l'], and
Istefan et al.'!) had neurological deficit rates higher than
80% in their cohorts. Beyond the variations in prevalence,
most authors agreed that neurological symptoms general-
ly present as mild or moderate.l>*!1:1%) Our casuistry con-
firms this tendency, as none of our cases complained of
sensitive or motor deficits of significant entities.

The Tinel sign still represents one of the most iconic and
broadly used tests for the clinical assessment of neurino-
mas. Although our prevalence of 50% ranks among the
lowest reported in modern literature for relatively large
cohorts (33-100%).[2:68-10.12,14-18] " j¢ st{]] corroborates the
use of the test in everyday clinical practice, considering it
is quick, easy to perform, and does not require specific in-
strumentation.

While several authors described the frequency of single
symptoms, modern literature severely lacks evidence about
the global impact of schwannomas on upper limb function-
ality. Few studies have provided evidence based on widely
used scoring systems, such as the DASH or MSTS scores.
Raj et al.['") used the DASH score to assess the functional
performances of 24 upper limbs treated with surgical resec-
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tion, obtaining a mean DASH score of 6.1. Our mean DASH
score of 5.7 confirms that, although present, the functional
impairment attributable to upper limb schwannomas is of-
ten limited and generally causes only minor limitations to
the ordinary activities of daily living. The same conclusions
come from a fair pre-operative MSTS score of 27.9. The lack
of overwhelming symptoms and the often-well-preserved
functionality could be partially responsible for the relative-
ly long diagnostic interval in upper limb schwannomas.

Surgical resection of the neoplastic mass, performed
with careful enucleation from the involved nerve, is a safe
procedure, as confirmed by the absence of major intra-op-
erative or peri-operative complications in our cohort.

Its effectiveness, already confirmed by previous studies,
was also evidenced in our population by the significant re-
duction in sensitive symptoms after surgery (p=0.0011).
Furthermore, both the MSTS (29.7) and the DASH score
(0.7) got significantly better after surgery, marking an al-
most complete remission of the limitations caused by the
disease. This result differs from the findings of Raj et al.[?],
who did not experience a significant improvement in pa-
tients’ functionality after surgery. Our experience suggests
that a careful diagnostic and treatment can lead to a total
or subtotal remission of most symptoms and signs attribut-
able to schwannomas and successfully restore the function-
ality of the involved upper limbs.

We acknowledge that our study had some limitations.
The rarity of these tumors did not allow us to operate on
broader populations, which partially limited the statistical
significance of some of the data associations we wanted to
investigate at the beginning of our research. Another lim-
itation is represented by the retrospective nature of our
study, which did not allow the complete standardization of
the post-operative follow-up procedures for each patient.

Despite these limitations, our study provides significant
information on the clinical presentation of upper limb
schwannomas and the clinical and functional outcomes
that follow their treatment with surgical enucleation. To
this date, diagnosing the schwannomas of the upper limb
may still represent a challenge, especially for those who
lack direct experience in this field. However, once a cor-
rect diagnosis has been established, surgical resection rep-
resents a reliable and effective surgical treatment both to
remove the neoplasm and provide symptom relief.

CONCLUSION

The enucleation, performed to preserve the continuity of
the nerve, can substantially reduce pre-operative symp-
toms and restore the upper limb’s functionality, allowing
patients to return to their previous activities of daily living,
thereby increasing their quality of life.
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Pe3tome

BBepeHue: IIIBaHHOMBI ABJIAIOTCA HayboIee pacpoCcTpaHEHHBIMMU OITYXOJLAMY Nepudeprdeckoii HepBHOI CCTeMBblL. XUpyprideckoe
yHa/leHue ¢ CCeYeHeM WM SHYK/Iealyeil ABIAETCs IeYeHNeM CUMIITOMATNYeCKIX VI KPYIHBIX IIBAHHOM.

Hemuorne VICCIENOBAHNA M3Yyda/ly KIMHUYECKNE Pe3ynbTaTbl, CBA3AHHBIE C XVMPYPIMYIECKMM IIOAXOAOM K IIBAaHHOMAaM. Hame
VICCTIE[OBAHNIE HAIIPABIEHO HA OLEHKY KIMHMYIECKUX U (byHKLU/IOHa)II)HI)IX PE3YIBPTATOB XMPYPIMIECKOIO JIEYEHNA IIBAHHOM BEPXHUX

KOHEYHOCTE.

Matepuanbl U meToAbl: [IBannars [Ba ClIydas IIBAHHOM BePXHUX KOHEYHOCTENl GbUIM IPOONEPUPOBAHBI B HAIEM YIPeXAEHUN
B mepuop ¢ stHBapsi 2016 ropma mo mekabpp 2023 ropa. Bo Bcex cmydasx Obuia IpoBefeHa NpefoOIEpalMOHHAs U 6-MeCsdHas
nocneonepaunontas MPT. [ KaXXEO0ro cydas Mbl PerMCTPUPOBA/IN AUATHOCTUYIECKHIT MHTepBasl (CUMITOM-AArH03), CMIITOMBI
(cTeHO3 MM CeHCOPHBLI AedurmnT, 607b u Tect Tinel), a TaxoKe Kak Ipef-, TaK 1 IOC/IeoepaloHHOe QYHKIMOHATbHOE COCTOsAHME (C
oueHkamu o DASH u MSTS). Mbl Tak)Ke perucTpupoBanu OCIOKHEHVSI Y MECTHbIE PELIVANBBIL.

Pesynbtathbl: B cpegHeM fmarHos cTaBmIcs depes 16.7 MecsAleB MOC/e TOABIEHNA IepBoro cuMmnToma. Cpepgane 3HadeHus MSTS,
DASH u MRC o onepanyu coctaBmmy 27.9, 5.7 v 4.8 COOTBETCTBEHHO. Y HAac He OBUIO MHTPAOIePalIOHHbIX 0CTIOKHeHMIL. TToce
cpezHero nepuopa HabmofeHus B 43.1 mecsua sHadenus MSTS, DASH cocrasun 29.7/30 u 0.7 coorBetcTBeHHO. Hu B OffHOM c1yyae
He pa3BM/INCh MeCTHbIE pelyauBbl. Hu B ofHOM criydae He 6bU10 3adMKCHpOBaHO feduinTa CTeHO3a IPY MOCIefHEM HAOMIONeHNN.
TonpKo y OFHOroO IAleHTa pasBUIach MecTHas Iapectesusa (9%), B TO BpeMs Kak y [IBYX NAIMEHTOB HAOIONAINCh YMEpeHHbIe
3eCTe3V.

3aKknoyeHne: AfeKBaTHBI XUPYPIUIeCKUIT IOAXOZ, BO3MOXKHO, IPELUIECTBOBABIINIT OBICTPOIT AMATHOCTIKE, MOXKET 3HAUNTEIBHO
YIY4LINTb CUMITOMBI, BbI3BaHHbIE IIBAHHOMOI1, BOCCTAaHOBMB (DYHKIIVIOHA/IbHOCTD BEPXHell KOHEYHOCTH.
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