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Abstract
Background  Schwannoma is a common benign tumor. Most schwannomas are sporadic, but approximately 5% 
of schwannomas are multifocal. Schwannomas are sometimes present in a skip-like pattern on a single continuous 
peripheral nerve (Multiple schwannomas scattered on a single peripheral nerve: MSSPN). In this study, we present the 
clinical characteristics of MSSPN in the limbs and propose a treatment strategy based on treatment outcomes.

Methods  The medical records of 918 patients diagnosed with schwannoma in the limbs were retrospectively 
reviewed. Among these cases, multiple schwannomas occurring in a single peripheral nerve and spaced more than 
1 cm apart were defined as MSSPN. We investigated the clinical characteristics and surgical outcomes.

Results  Seven patients with MSSPN in the limbs were identified, which represented 0.8% of all cases. There were six 
females and one male, and the mean age was 50 years. The location of MSSPN was the upper limbs in two cases and 
the lower limbs in five cases. After surgery, among the five cases in which all tumors were enucleated, neurological 
symptoms worsened in 4 cases, all of which involved deep nerve tumors. The one case among these five cases 
in which neurological symptoms improved involved a superficial subcutaneous tumor. Neurological symptoms 
improved in both of the two cases in which only the tumor causing the main complaint was enucleated; both cases 
involved deep nerve tumors. The average postoperative follow-up was 8 months, and no cases required reoperation 
or complained of recurrence.

Conclusion  This is the first study to address the surgical strategies of multiple schwannomas occurring in a skip-
like pattern on a single peripheral nerve. In surgery for MSSPN, selective enucleation of only the most symptomatic 
tumors may be effective in preventing the worsening of symptoms after surgery.

Keywords  Multiple schwannomas, Segmental schwannomatosis, Multiple schwannomas scattered on a single 
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Introduction
Schwannoma is a common type of benign peripheral 
nerve sheath tumor composed of Schwann cells. Most 
schwannomas are solitary, but approximately 5% of 
schwannomas occur multifocally (multiple schwanno-
mas) [1]. Multiple schwannomas can occur in the context 
of NF2-related schwannomatosis, which is associated 
with acoustic schwannomas, and schwannomatosis not 
associated with acoustic schwannomas [2]. Plexiform 
schwannoma, in which multiple schwannomas grow in a 
plexiform pattern on a single peripheral nerve, is known 
as a subtype of multiple schwannomas, and there are sev-
eral case reports and case series on this condition [3–5]. 
On the other hand, there have been very few reports 
focusing on the occurrence of multiple schwannomas 
separately on a single peripheral nerve [6, 7]. This study 
identifies this condition under the following name: mul-
tiple schwannomas scattered on a single peripheral nerve 
(MSSPN). No studies have reported on surgical methods, 
and the treatment strategy for this condition remains 
largely unknown. The purpose of this study is to clarify 
the clinical characteristics and treatment outcomes of 
cases of MSSPN in the limbs treated at our hospital and 
to propose a treatment strategy based on these findings. 
We hypothesize that selective tumor removal may result 
in better neurological outcomes, and present the follow-
ing case series to investigate this hypothesis.

Methods
In this study, we retrospectively reviewed the medical 
records of 918 patients diagnosed with schwannoma in 
the limbs based on the surgical case list at our hospital 
from 1978 to 2020. Among these cases, multiple schwan-
nomas which occurred in a single peripheral nerve or in 
longitudinally continuous peripheral nerves with differ-
ent anatomical names, such as the sciatic nerve and tib-
ial nerve, and in which the tumors were more than 1 cm 
apart, were defined as MSSPN. Cases in which multiple 
schwannomas were in contact with each other and cases 
in which the distance between the tumors was less than 
1  cm were excluded. In cases where tumors occurred 
in multiple non-contiguous nerves, only the nerves on 
which surgery was performed were focused on. Histo-
pathological diagnosis was made by several pathologists 
well-acquainted with about bone and soft tissue tumors.

The following clinical characteristics were investigated: 
age at initial visit, sex, whether magnetic resonance imag-
ing (MRI) was performed, number of recognized tumors 
occurring in the operated nerve, locations and names 
of nerves, symptoms at first visit, number of enucleated 
tumors, postoperative neuropathic symptoms, and post-
operative follow-up period, and recurrence. “Tenderness” 
is defined as localized neuralgia on palpation, and “radi-
ating pain” is defined as neuropathic pain that shoots 

along the distribution of the nerve. The surgery was per-
formed by several senior surgeons. General anesthesia 
was used in all cases. The surgical procedure for schwan-
nomas, including MSSPN, at our hospital is as follows: 
First, the tumor is exposed. Then, an area free of nerve 
fibers is identified. Finally, the capsule is incised and the 
tumor is removed. Neuromonitoring was not performed 
during surgery. Regarding the number of schwannomas 
enucleated, our previous policy for MSSPN was to enu-
cleate all tumors that were identified and deemed excis-
able, but we observed postoperative neurological deficit 
in some cases. Therefore, we changed our strategy and 
decided to carefully examine symptoms such as tender-
ness, radiating pain, and Tinel sign, and to selectively 
remove only the tumors causing the symptoms. Post-
operative complications were defined as a worsening of 
preoperative neurological symptoms or the onset of new 
neurological symptoms. The postoperative follow-up 
period ended when the wound healed and postoperative 
symptoms improved or remained unchanged.

Results
Out of 918 schwannoma cases, 7 (0.8%) met the criteria 
for MSSPN (Table 1).

There were six females and one male, and the median 
age at first visit was 51 years (range: 28–65 years). None 
of the cases had a family history of schwannoma. Pre-
operative MRI was performed in six cases. In one case, 
an ultrasound diagnosis was performed because the 
case occurred before MRI was widely available. Multiple 
schwannomas, a tumor in multiple nerves, was observed 
in three cases. None of these cases showed acoustic 
schwannomas on head MRI, and no genetic testing was 
performed in any of the cases.　The median number of 
tumors was three (range: 2–7). The location of MSSPN 
was the upper limbs in 2 cases and the lower limbs in 5 
cases. In three cases, the tumors were located in skip-like 
locations on longitudinally continuous peripheral nerves 
with different anatomical names (median into digital 
nerve, sciatic into tibial nerve, tibial into plantar nerve). 
All patients had significant pain symptoms prompting 
surgical intervention.

Regarding the surgical method, all tumors were enucle-
ated in five of the seven cases, and only the most symp-
tomatic tumor was selectively enucleated in two cases. Of 
the five patients who had all tumors enucleated, two who 
had only tenderness before surgery developed new radi-
ating pain after surgery (cases 2 and 5 (Fig. 1)). Further-
more, both of the two patients who had radiating pain 
before surgery required oral medication due to worsen-
ing of radiating pain after surgery, and required postoper-
ative follow-up periods of 14 and 25 months, respectively 
(cases 1 and 3). In these four cases, the tumors occurred 
on deep nerves. The preoperative visual analogue scale 
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(VAS) worsened in all four cases after surgery. At the 
end of follow-up, symptoms in case 3 were worse than 
before surgery, whereas the remaining three cases had 
improved. Among the five cases in which all tumors were 
enucleated, the only case in which symptoms did not 
worsen involved a superficial subcutaneous tumor on 
the foot (case 4). Three tumors were present in the two 
cases in which tumors were selectively enucleated (case 
6 and 7). In both of these cases, the tumors occurred in 
deep nerves. Of the three tumors in each case, only the 
two with the most severe symptoms were enucleated. In 
both cases, the preoperative VAS was 0 after surgery, and 
no new neurological symptoms were observed. Wors-
ening of neurological symptoms occurred in 80% (4/5) 
of patients who underwent total tumor enucleation, but 
in 0% (0/2) of patients who underwent selective tumor 
enucleation. The median postoperative follow-up period 
for the seven MSSPN cases was 5 months, and no cases 
required reoperation. None of the patients returned to 

our hospital after the end of follow-up complaining of 
mass, pain, or numbness, or had symptoms due to une-
nucleated schwannomas.

Discussion
This is the first study to address the surgical strategies of 
MSSPN in the limbs. Four of the five cases in which all 
tumors were enucleated experienced worsening or new 
neurological symptoms after surgery. In all four of these 
cases, the tumors occurred in deep nerves. Enucleation 
of multiple tumors in MSSPN requires multiple discon-
tinuous incisions on a single peripheral nerve. While 
this method ensures all tumors are removed, it mark-
edly increases the risk of damage to functional nerves. 
In other words, the more tumors that are removed, the 
greater the risk of damage to functional nerves. We 
speculate that this is the reason for the poor postop-
erative outcomes in the cases in which all tumors were 
enucleated. On the other hand, in the two patients 

Table 1  Seven cases of MSSPN
case Age Sex MS Location Originate Nerve

All enucleation
1 61 M - Axilla Radial
2 28 F + Hand, Finger Median, Digital
3 65 F - Thigh Tibial
4 30 F - Foot (medial) Subcutaneous
5 51 F - Foot Tibial, Plantar

Selective enucleation
6 64 F + Hip, Thigh Sciatic, Tibial
7 50 F + Leg Peroneal

Preoperative symptoms Tumors Postoperative symptoms VAS Follow up (month)
Numbness, Radiating pain 3 / 3 Radiating pain (med) 3→8 14
Tenderness 4 / 4 Radiating pain 0→4 2
Numbness, Radiating pain 2 / 2 Radiating pain (med) 3→10 25
Tenderness 7 / 7 No 3→0 1
Tenderness 2 / 2 Radiating pain 1→6 5
Numbness, Tenderness 2 / 3 No 3→0 2
Tenderness, Radiating pain 2 / 3 No 4→0 5
MS = multiple schwannomas, VAS = visual analogue scale, (med) = required medication, No = no new or residual symptoms

Fig. 1  Case 5 was one of the cases in which neurological symptoms worsened postoperatively. (a) The patient had distal tumor tenderness preopera-
tively. Two tumors were palpable. (b) A solid tumor was observed on ultrasound. Schwannoma was suspected. (c) At surgery, both palpable tumors were 
enucleated. The tumors were located separately in longitudinal continuity (arrow = tibial nerve tumor, arrowhead = plantar nerve tumor). The patient 
complained of radiating pain after surgery. The radiating pain improved 5 months after surgery
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whose tumors were removed selectively, only the caus-
ative tumors were enucleated based on symptoms such 
as severe tenderness and radiating pain. In these cases, 
the symptoms improved without any new symptoms of 
numbness or pain. Selective treatment may have mini-
mized the incisions to the peripheral nerve, which may 
have reduced damage to the functional nerve. One impli-
cation of this study is that when tumors occur in deep 
major nerves such as the median nerve or sciatic nerve, it 
may be better to avoid removing the entire tumor.

There have been several reports on surgical indications 
depending on the type of schwannoma. Our findings are 
consistent with current recommendations for schwanno-
matosis, which recommend surgery only for symptomatic 
tumors [8]. In solitary schwannomas, surgery is generally 
indicated for symptomatic or growing tumors [9–12]. 
Similarly, our findings suggest that a more conservative 
surgical approach may be justified in cases of MSSPN.

In MSSPN, multiple tumors exist in one longitudinally 
continuous peripheral nerve, and in some cases it may 
be difficult to identify the tumors causing radiating pain 
before surgery. Current imaging methods such as MRI 
and ultrasound also have limited correlation with clinical 
symptoms. Therefore, as in this study, selective resection 
should only remove the tumor that is most symptomatic 
based on tumor size and medical history. However, these 
physical examinations are not reliable. It is expected that 
advanced neuroimaging or intraoperative nerve stimula-
tion mapping will be utilized in future studies.

We acknowledge there are several limitations in this 
study. First, only 7 (0.8%) of the 918 schwannomas that 
underwent surgery were cases of MSSPN. The low inci-
dence of MSSPN and the very small number of cases in 
this study make the analysis of surgical outcomes in this 
study insufficient. In addition, the period of case collec-
tion was long, more than 40 years. The surgeons were 
not standardized, and there may be differences in treat-
ment outcomes depending on the surgeon. The number 
of tumors enucleated was based on clinical judgment 
and was not randomized (e.g., only tumors that were 
considered easier were resected, or conversely, selec-
tive resection was selected when some tumors were 
deemed too risky to be resected). Thus, as a retrospec-
tive study, this study lacks a uniform protocol, which may 
have introduced selection bias. A larger multi-center 
series or registry data study would be much more suit-
able means for investigating the hypothesis of the present 
study. Second, regarding the incidence, in cases treated as 
solitary schwannomas, not all longitudinally connected 
peripheral nerves were examined by MRI or ultrasound 
unless symptoms were present. Therefore, the incidence 
recorded in this study may be lower than the actual inci-
dence. Thirdly, in this study, the postoperative follow-
up period was short because treatment ended when the 

wound healed. In addition, objective neurological func-
tion tests such as electromyograms were not used. This 
may mean that long-term results such as growth of resid-
ual tumors and the appearance of symptoms may not 
have been recorded. In particular, careful monitoring of 
tumor growth and symptom appearance should be con-
sidered when tumors remain that were not selectively 
enucleated. Continuous surveillance of residual tumors 
by regular clinical or imaging examinations will be neces-
sary in future studies. Finally, genetic evaluation was not 
performed in this study. Because individuals with genetic 
schwannomatosis may develop new tumors over time, it 
is suggested that genetic evaluation be performed in the 
management of MSSPN in the future.

Intraoperative nerve monitoring with electric stimula-
tion is sometimes performed during surgery for schwan-
noma to avoid motor nerve damage. In this study, skeletal 
muscle action potentials were not monitored during sur-
gery in all patients, but fortunately, no patients developed 
motor paralysis after surgery. Because electrical stimula-
tion is performed only after the nerve is exposed during 
surgery, we believe it is not useful for preoperative selec-
tion of which tumors to enucleate. To determine which 
tumors should be enucleated, surgeons should thor-
oughly and carefully examine each patient before surgery. 
However, surgery for MSSPN is a concern due to the 
risk of neurological deficit caused by multiple incisions. 
Therefore, neuromonitoring may be useful when enucle-
ating each schwannoma to prevent neurological motor 
fiber damage. In the future, surgeons should thoroughly 
and carefully examine each patient before surgery to 
determine which tumors should be enucleated and con-
sider using neuromonitoring for each schwannoma as it 
is enucleated.

Conclusion
This study investigated the clinical characteristics and 
surgical outcomes of MSSPN in the limbs. Enucleat-
ing all tumors is advantageous for removing the tumors. 
However, multiple discontinuous incisions on a single 
peripheral nerve increase the risk of damaging functional 
nerves unrelated to the tumors. Therefore, enucleating 
all tumors may lead to an increase in postoperative new 
neurological deficit. When treating MSSPN, our find-
ings suggest that postoperative neurological deficit may 
be reduced by carefully examining patients preopera-
tively and selecting the tumors to be excised, rather than 
blindly excising all tumors.
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