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Abstract
Background
The detection of small deep schwannomas of the peripheral 
nerves has been increasing since the the use of precise neu-
roimaging techniques has become more widespread; how-
ever, although nonpalpable lesions can be well defined by 
images, it is often difficult to identify them during the surgi-
cal procedure. The authors report seven cases of nonpalpable 
small deep schwannomas surgically treated after their identi-
fication using the radioguided occult lesion localization 
(ROLL) technique.

Methods
Seven men, whose ages ranged from 34 to 70 years (mean 52 
years), presented with symptomatic nonpalpable peripheral 
nerve lesions; two cases involved the sciatic nerve, two the 
femoral nerve, two the radial nerve, and one the tibial nerve. 
Before the operation, all the patients were studied by ultraso-
nography and magnetic resonance imaging (MRI); 1 h before 
the surgery 3–5 MBq of 99mTc labeled with human albumin 
macroaggregates was injected into the lesion. A gamma 
detection probe permitted the preoperative and intraopera-
tive detection of the nonpalpable schwannomas.

Conclusions
The ROLL technique provides good support for identifying 
small lesions of the peripheral nerves both preoperatively and 
intraoperatively. This technique permits the use of  minimally 

invasive approaches performed with local anesthesia, with 
good cosmetic results and acceptance by the patients.
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 Introduction

Schwannomas, also called neurilemmomas or peripheral 
neurinomas, are benign tumors arising from the perineurium 
of peripheral nerves [4]. The term neurinoma was coined in 
1910 by Verocay to indicate a tumor that originated from 
Schwann cells and that was histologically different from a 
neurofibroma [9]. Schwannomas constitute 5 % of all benign 
soft-tissue tumors; men and women are equally affected, 
most frequently in their third decade of life [4, 6]. The most 
frequent localization is in the lower extremity, followed by 
upper extremity, dorsal roots, and retroperitoneum.

To determine the diagnosis of peripheral nerve neurino-
mas, magnetic resonance imaging (MRI) can clearly define 
the lesion's characteristics. The mass is usually isointense 
relative to skeletal muscles on T1-weighted images, and 
eccentric relative to the involved nerve that is displaced to 
the periphery; a capsule can be visualized; thus, the margins 
are well defined. On T2-weighted images the lesion is hyper-
intense. Schwannomas usually show enhancement after gad-
olinium injection [1, 3]. Clinically, these lesions can cause 
pain and motor or sensory deficits in the territory of the 
involved nerve [9]. On examination of the patient, a periph-
eral neurinoma can be visible and palpated as a round, well- 
defined mass that can be mobilized from side to side but not 
along the axis of the nerve [5]. Tinel’s sign is very often evo-
cable over the mass [9]. Microsurgical excision with an inter-
fascicular dissection technique is the most effective 
treatment, and complete recovery can be obtained; biopsies 
are no longer indicated [9].
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The surgical strategy can be optimized by the use of 
radioguided occult lesion localization (ROLL). This tech-
nique was developed in 1997 by Paganelli et al. [8] to 
identify sentinel nodes in breast cancer and small nonpal-
pable lesions. Starting from these considerations, it was 
possible to extend the method to detect small nonpalpable 
lesions of the peripheral nerves.

 Methods

Seven patients with deep nonpalpable suspicious peripheral 
nerve schwannomas previously studied by ultrasound and MRI 
underwent surgical excision after the preoperative localization 
of the lesion by the ROLL technique (Table 1). The radiotracer 
used was 99mTc labeled with human albumin macroaggregates 
(99mTc MAA), with a diameter of 10–150 μm (TechneScan 
LyoMAA; Mallinckrodt Medical, Petten, The Netherlands). 
One hour before the surgery 3–5 MBq of 99mTc MAA in 0.2 ml 
of saline solution was injected into the lesion under ultrasound 
guidance (Fig. 1). The site was marked with a dermographic 
pen. Front and lateral images of the lesion were acquired with 
a gamma detection system Neoprobe (Dublin, Ohio, U.S.A.) 
and the patients were then brought to the operating room.

The patients underwent preoperative detection of the 
lesion, using a sterile gamma probe to identify the gamma 
rays emanating from the radioactive tracer injected into the 
neurinoma (Fig. 2).

The probe was connected to an instrument that analyzes the 
signals and transduces them into a digital scale together with 
acoustic signal. The intensity of the signal is directly propor-
tional to the radioactivity detected and represent the relative 
distance of the probe to the lesion.

After the identification of the “hot spot”, the neurosur-
geon performed a small tailored incision. During surgery the 
lesion’s positions were checked to guide their isolation. 
Using a microsurgical technique, the neurosurgeon dissected 
unaffected nerve fascicles from the tumor capsule and the 
lesions were then resected (Fig. 3).

 Results

The diagnosis of peripheral Schwannoma was confirmed in 
all seven patients.

Complete removal of the lesion was performed in all 
cases and all patients presented with resolution of the pain. 
In one patient a preoperative motor deficit had been described 
(muscle strength 4/5 on the Medical Research Council 
[MRC] scale) and improvement was reported at 18-months 
follow up; of five patients who presented with preoperative 
sensory deficits, complete recovery had occurred in four 
patients at 10–18 months. All the treated patients were pain- 
free after the surgery (Table 1).

In six of the seven patients the surgical procedures were 
performed with local anesthesia.

Table 1 Characteristics, surgical treatment, and outcome of seven patients with small nonpalpable schwannomas of the peripheral nerves

n°
Sex/age 
(years) Site (nerve)

Size 
(cm)

Preoperative 
status Anesthesia Histology

Postoperative 
status

Follow-up 
(months)

1 M/56 Sciatic 4 × 3 Pain General Schwannoma Pain-free Full recovery 
(12)

2 M/43 Tibial 3.5 × 3 Pain, motor and 
sensory deficits

Local Schwannoma Pain-free, 
improved motor 
and sensory 
deficits

Full recovery 
(18)

3 M/34 Femoral 2.3 × 1.2 Pain Local Schwannoma Improved Full recovery 
(18)

4 M/63 Radial 0.7 × 1.6 Pain, sensory 
deficit

Local Schwannoma Improved pain 
and sensory 
deficit

Full recovery 
(10)

5 M/70 Radial 1.4 × 0.9 Pain, sensory 
deficit

Local Schwannoma Pain-free 
improved sensory 
deficit

Slight 
sensory 
deficit (18)

6 M/56 Sciatic 1.4 × 2.6 Pain, sensory 
deficit

Local Schwannoma Pain-free 
improved sensory 
deficit

Full recovery 
(12)

7 M/42 Femoral 1.8 × 1.3 Slight pain, 
sensory deficit

Local Schwannoma Pain-free stable 
sensory deficit

Full recovery 
(18)

M male
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 Discussion

Small and deep lesions of the peripheral nerve can be iden-
tified in the early stages using new neuroimaging tech-
niques. However, despite the excellent visualization of 
these lesions so provided, it is often difficult to find them 
during surgery, and invasive interventions can be necessary 
for their removal.

In this series, we used the ROLL technique – a well 
known method to localize sentinel nodes and small lesions in 
breast cancer – to detect small and deep peripheral nerve 
schwannomas preoperatively and during surgery.

The use of the ROLL technique to detect occult breast 
tumors was described by Paganelli et al. in 1997 [8], but this 
technique has not been reported previously for the detection 
of peripheral nerve schwannomas.

In a previous study, it was shown that there was no move-
ment of the radiotracer from the lesion; thus, the radiotrac-
er’s captation can be considered as a guide for the surgeon to 
identify occult lesions during operation [2]. Starting from 
these considerations, in our institution the ROLL technique 
was used for the first time for preoperatively and intraopera-
tively identifying deep and/or small peripheral nerve lesions, 
in seven patients.

One hour before the surgery, a radiotracer (99mTc MAA) 
was injected into the lesion under ultrasound guidance; image 
acquisition with a gamma camera was required and then the 
surgical excision was made. Using a sterile probe that detected 
the 99mTc MAA radiation, the lesion was localized, and con-
sequently it was possible to plan a small incision for a mini-
mally invasive surgical approach (Fig. 2). The surgical 
procedures were performed with local anesthesia in six of the 
seven patients. Thus, we conclude that the gamma detection 

Fig. 1 Before surgery the radiotracer was injected into the lesion 
(arrow) under ultrasound guidance

Fig. 2 Detection of the radiotracer, performed with a sterile probe. 
Precise localization of the lesion (case 1 in Table 1) was possible with a 
minimally invasive approach

Fig. 3 During surgery the lesion position was checked to guide its 
isolation
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system permits the easy identification of lesions in the super-
ficial layers and also those in deep layers during surgery.

We have to report that the preoperative 99mTc MAA intra-
lesional injection done under ultrasound guidance can be 
painful (four cases). Due to the short half-life of 99mTc, the 
procedure is safe for the patient, for the surgeon, and for the 
operating room personnel. The complete removal of the 
lesion injected with the radiotracer also removes the radioac-
tivity from the patient’s body.

These results of a preliminary case series suggest that the 
ROLL technique is safe and could be used for the removal of 
multiple deep peripheral nerve schwannomas during the 
same surgical procedure. We note that the surgeon can man-
age the sterile probe by himself/herself in order to localize 
the lesion during open surgery.

This ROLL technique requires interdisciplinary coopera-
tion, but it provides good support for preoperatively and 
intraoperatively identifying small lesions of the peripheral 
nerves. It permits a minimally invasive approach, performed 
with local anesthesia, with a shorter operative time, and 
minor costs, together with good cosmetic results and better 
patient acceptance.
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