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Abstract
Background : Schwannomas are difficult to diagnose using imaging alone. Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) is an effective and safe tissue sampling technique. Nevertheless, few reports have described EUS-FNA for schwannoma.
Objective : This study evaluates the efficacy of EUS-FNA for diagnosing schwannoma.
Methods : This retrospective study examined six consecutive schwannoma patients who were diagnosed as having schwannoma either from EUS-FNA results or from surgically resected specimens. The primary endpoint was diagnostic accuracy of EUS-FNA for schwannoma. The secondary endpoint was EUS-FNA safety.
Results : Based on cytomorphologic features and immunocytochemistry results after EUS-FNA, 4
out of 6 patients (66.7%) were diagnosed with schwannoma. The diagnoses before EUS-FNA were
the following : 3 cases of gastric subepithelial lesion (SEL, suspicious for gastrointestinal stromal
tumor), 1 case of intraperitoneal tumor, 1 case of retroperitoneal tumor, and 1 case of pancreatic tumor, with sizes of 15-44 mm (median 36 mm). No case was diagnosed as schwannoma solely based
on image findings. Two cases of gastric SELs could not be diagnosed as schwannoma by EUS-FNA
before surgery. Inadequate sampling and a lack of additional material for immunohistochemical
studies could have engendered less-definite diagnoses in those cases. No procedural adverse
events occurred.
Conclusion : The diagnostic accuracy rate of EUS-FNA for schwannoma is somewhat low. However, tissue samples were obtained safely using this method. Moreover, it is an important procedure for diagnosing schwannoma, which cannot be diagnosed solely from image findings.
Key words : endoscopic ultrasonography (EUS), endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA), gastric tumor, subepithelial lesion, schwannoma

protein positivity when examined immunohistochemically. Schwannomas are difficult to diagnose
solely based on imaging, such as computed tomography (CT) or endoscopic ultrasonography (EUS).

Introduction

Schwannoma, a benign peripheral nerve sheath
tumor originating from Schwann cells1), shows S-100
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For this reason, final diagnoses are usually made by
surgical resection.
EUS-guided fine-needle aspiration (EUS-FNA)
is an effective and safe tissue sampling technique for
pancreatic tumors, gastrointestinal subepithelial lesions (SEL), and lymphadenopathy. Moreover, if
the lesion is diagnosed as schwannoma using EUSFNA, it is possible to avoid additional surgical resection because it is a benign tumor. Nevertheless,
few reports in the literature describe the usefulness
of EUS-FNA for schwannoma2 5).
This study was conducted to evaluate the efficacy of EUS-FNA for schwannoma.
-

Patients and Methods

Study design
From data collected January 2001-April 2013,
we retrospectively reviewed 956 cases of patients
who underwent EUS- FNA at Fukushima Medical
University Hospital. Among them, six patients
were diagnosed as having schwannoma. This study
examined six cases that were ultimately diagnosed
as schwannoma from EUS-FNA results or by observation of surgically resected specimens. These lesions were followed up until March 2015 (median : 65.5 months, range : 26-103 months).
For this study, the primary endpoint was the diagnostic accuracy rate of EUS-FNA for schwannoma. A secondary endpoint was the safety of EUSFNA. This study confor med to the ethical
guidelines of the 1975 Declaration of Helsinki. It
was conducted with the approval of the Ethics Committee of Fukushima Medical University (approval
No. 2399).
EUS-FNA
EUS-FNA was performed with linear or convex
array echoendoscopes, GF - UCT240 - AL5, GF UC240P - AL5, GF - UCT 240, CF - UCT 260, and
UCT-Y5 (Olympus Corp., Tokyo, Japan), using a 1925 gauge manually operated needle device (Echotip
ultra ; Wilson-Cook Medical Inc., Tokyo, Japan, EZSHOT ; Olympus Corp., Tokyo, Japan, Expect ;
Boston Scientific Corp., Tokyo, Japan) or a 22-gauge
automated spring-loaded power shot needle device
(NA-11 J-KB ; Olympus Corp., Tokyo, Japan).
Written informed consent was obtained from all
patients before EUS-FNA. All patients were sedated with pentazocine and midazolam before inserting echoendoscopes. After the target lesion was
visualized on the monitor, a needle biopsy was per-

formed while confirming a lack of blood flow on the
puncture line. The needle was inserted through
the gastrointestinal wall into the target lesion under
EUS guidance with visualization of the needle in real
time. Then, after being guided into the target lesion, the stylet was removed. The needle was
moved back and forth 10-20 times within the mass
while suction was applied using a 10-20 mL syringe.
Finally, the suction syringe was released. The needle was withdrawn from the target lesion. Microscope slides were prepared from the biopsy sample
and were stained using Cyto-Quick stain. Slides
were assessed using rapid on-site cytological evaluation (ROSE)6). EUS- FNA was considered complete if the sample was evaluated as adequate by
ROSE.
All patients were observed prospectively for
adverse events based on the Common Terminology
Criteria for Adverse Events v4.0 (CTC-AE).
Results

Patient characteristics and diagnostic imaging before
EUS-FNA
Table 1 presents summary information for
these six patients. Images of representative cases
are presented in Figs. 1 and 2. This series included
three men and three women who were 36-71 years
old (median 63 years). Tumors were 15- 44 mm
(median 36 mm). None of the patients had any
symptoms. Tumors were detected using abdominal
ultrasonography (US) as part of a medical checkup in
two patients with a retroperitoneal tumor (case 1)
and pancreatic tumor (case 2) and using an upper
gastrointestinal tract radiologic examination in medical checkups for two patients with gastric SELs
(cases 4 and 6). Case 3 included detection of an intraperitoneal tumor by CT when a gallbladder tumor
in this patient was evaluated (Fig. 1-a). Tumors
were detected for the first time in the other five cases. For case 5 (Fig. 2), EUS-FNA was used for additional examination of a gastric SEL after a 10-year
follow - up because the lesion had become larger. No tumor was suspected as being schwannoma
based on CT or EUS imaging. Three cases of gastric SELs were regarded as gastrointestinal stromal
tumors (GIST).
Accuracy and safety of EUS-FNA
The diagnostic accuracy rate of EUS-FNA for
schwannoma was 66.7% (4/6). For six cases, sufficient specimens were obtained ; immunohistochem-
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Table 1. Patient characteristics
Case Age

Sex

Symptom

Tumor
size
(mm)

1

69

F

No

40

2

47

F

No

15

3

36

M

No

27

4

71

M

No

33

5

62

F

No

44

6

64

M

No

40

Findings from EUS

Findings from contrast-enhanced
Diagnosis
CT
before EUS-FNA

Low-density mass with enhanceUnknown
ment of the periphery and defiretroperitoneum
cient contrast enhancement of the
tumor
inside
Low-density mass with deficient
Pancreatic
Hypoechoic mass
contrast enhancement
tumor
Low-density mass
Unknown
Hypoechoic mass with hyperIntraperitoneal
echoic heterogeneous
with slightly homogeneous
tumor
echogenicity
enhancement
Low-density mass
Hypoechoic mass with hyperechoic heterogeneous echogeniciwith slightly homogeneous
Gastric GIST
ty originated from the MP
enhancement
Low-density mass
Hypoechoic mass originated
with slightly homogeneous
Gastric GIST
from the MP
enhancement
Low-density mass with slightly
Hypoechoic mass originated
homogeneous enhancement and a Gastric GIST
from the MP
partial area of not enhancement
Hypoechoic mass with hyperechoic heterogeneous
echogenicity

M, male ; F, female ; EUS, endoscopic ultrasonography ; EUS- FNA, endoscopic ultrasound - guided fine - needle
aspiration ; MP, muscularis propria ; CT, computed tomography ; GIST, gastrointestinal stromal tumor

Fig. 1 Findings of contrast-enhanced CT, EUS, and pathology for case 3.
a

c

b

d

Fig. 1. Findings of contrast-enhanced CT, EUS, and pathology in case 3.
Findings of contrast-enhanced CT. A 27-mm-diameter low-density mass located ventral to the right iliopsoas
muscle with slightly homogeneous enhancement.
Findings of EUS. Well-encapsulated, smooth surfaced, hyperechoic, and hypoechoic heterogeneous echogenicity.
HE staining with FNA specimen. The tumor consisted of bland spindle cells with nuclear palisading.
S-100 staining with FNA specimen : Tumor cells were positive for immunohistochemical S-100 stain.
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Fig. 2 Findings of contrast-enhanced CT, EUS, and pathology for case 5.
a

b

c

d

Fig. 2. Findings of contrast-enhanced CT, EUS, and pathology in case 5.
Findings of contrast-enhanced CT. A 40-mm-diameter low-density mass located in the body of the stomach
with slightly homogeneous enhancement.
Findings of EUS. Well-encapsulated, smooth surfaced, hypoechoic homogeneous echogenicity that originated in
the muscularis propria.
HE staining with FNA specimen. The tumor consisted of bland spindle cells with nuclear palisading and nuclear
polymorphism.
S-100 staining with FNA specimen. Tumor cells were positive for immunohistochemical S-100 stain.

ical analyses were conducted in four cases (cases
1-3, 5). Schwannoma tumor cells were positive for
immunohistochemical staining for S-100 (Figs. 1-d,
2-d) and negative for CD34, c-kit, SMA, and desmin. This immunohistochemical profile was consistent with the diagnosis of schwannoma in these
four cases. In case 6, immunohistochemical staining for S-100 was not conducted because there was
no suspicion of schwannoma. Case 4 did not undergo immunohistochemical staining for S-100 because no adequate specimen was obtainable. No
anemia (Hb<10.0 g/dL), leukocytosis (>100,000/
mm3), abdominal pain, perforation, or fever (>38°C)
was observed in any patient after EUS-FNA, based
on CTC-AE results.

was done solely by image findings.
Schwannomas are tumors that originate from
Schwann cells, showing a spindle cell tumor with
S-100 protein positivity. Schwannoma patients are
most often middle-aged, and the tumors are most
often found as a painless mass. The most common
sites of origin are the retroperitoneum, inclusive of
the pelvic extra-peritoneal space, and the posterior
mediastinum. The tumor median size is 6.2 cm.1,7)
Most tumors are typically solitary and benign. Valentin et al.8) reported the analysis of 353 patients
with malignant schwannoma. In their study, malignant schwannomas occurred in 37% of patients with
NF1 and 59% of patients with sporadic tumors.
However, gastric malignant schwannomas are extremely rare, and only a few cases have been reported.9 11) Based on diffusely visible mitosis9) or vascular invasion and lymph node metastasis 10), the
tumor was diagnosed as a malignant schwannoma. Malignant schwannoma has no specific histological marker. Malignant schwannomas are distinguished from benign schwannomas based on
histological and clinical features.
Schwannoma can be diagnosed using EUS-FNA
-

Discussion

The results of this study suggest that EUS FNA for schwannoma was useful for choosing a
treatment plan, although the diagnostic accuracy
rate was 66.7%. This accuracy rate is not very
high, but EUS-FNA was nevertheless an important
procedure for diagnosing schwannoma because it

EUS-FNA for schwannoma
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Results of EUS-FNA for schwannoma

Puncture Puncture
route
count

Puncture
position
in the tumor

Gauge of
puncture
needle

Diagnosis by
EUS-FNA

MIB-1
index

Immunohistochemistry
results

Indication of
surgery

Adverse
event

Treatment

1

Stomach

6

Central part

22

Schwannoma

Not
performed

Positive for
S-100 staining

No

No

Follow up
103 months

2

Stomach

4

Central part

22

Schwannoma

Not
performed

Positive for
S-100 staining

No

No

Follow up
82 months

3

Transverse
colon

2

Central part

25

Schwannoma

Not
performed

Positive for
S-100 staining

No

No

No treatment
interruption of
a hospital

4

Stomach

7

Central part

22 and 25

Spindle cell
tumor

Not
performed

Not performed

GIST cannot be
denied

No

Surgical
resection

5

Stomach

2

Central part

19

Schwannoma

4.5%

Positive for
S-100 staining

Malignant
schwannoma
cannot be denied

No

Surgical
resection

6

Stomach

4

Central part

22

Spindle cell
tumor

<5%

Negative for
CD34, c-kit, and SMA

GIST cannot be
denied

No

Surgical
resection

Case

  EUS-FNA, endoscopic ultrasound-guided fine-needle aspiration ; GIST, gastrointestinal stromal tumor

if a sufficiently large specimen is obtained. However, EUS-FNA is not a perfect procedure for diagnosing schwannoma. Two cases of gastric SELs were
diagnosed only as spindle cell tumors using EUSFNA. There are two reasons they were not diagnosed as schwannoma using EUS-FNA. First, in
case 4 and case 6, immunohistochemical studies of
S-100 were not performed. Furthermore, the possibility of these lesions being GISTs could not be
eliminated. In the gastrointestinal tract, GISTs are
the largest group of mesenchymal tumors, while
schwannomas are rare, representing approximately
1.4 - 6.3% of gastric mesenchymal tumors 12 13) .
Therefore, we selected surgery for use with these
cases. Second, it was somewhat difficult to obtain a
specimen with EUS-FNA because of the histological
features of schwannoma. Histologically, schwannoma consists of spindle cells in a hypercellular palisade arrangement area (Antoni type A) and myxomatous cells in a hypocellular organized area (Antoni
type B)5). It is difficult to insert a needle into the
hypocellular organized area and collect a specimen
by EUS-FNA. In the gastric schwannoma case, the
gastric wall escapes from the needle after the puncture. Therefore, it is difficult to move the needle in
the tumor. It is apparently sometimes difficult to
obtain tissue samples when using EUS-FNA for gastric schwannomas. Case 5 was diagnosed as
schwannoma. However, the patient underwent
surgery because the tumor size was increasing.
Nevertheless, the FNA specimen of the case revealed no mitosis (Figs. 2c and 2d) and exhibited no
metastasis or invasion. Therefore, this case might
have avoided surgery. We used 19-25 gauge EUSFNA needles, but the needle size did not seem to influence the accuracy (Table 2).
-

This study had some limitations. First, the
sample size was small. Second, this study was retrospective and was conducted at a single institution.
Finally, only 3 of 6 patients had undergone surgical
resection, and the final diagnosis is usually determined by a resected specimen. We note, however,
that schwannoma does not require resection. It can
be followed up because schwannoma is fundamentally a benign tumor.
In conclusion, the results showed that the diagnostic accuracy rate of EUS-FNA for schwannoma is
somewhat low. However, it is a safe and widely
used procedure to obtain tissue and diagnose
schwannoma, which cannot be diagnosed solely
through imaging. Immunohistochemical studies
are important to distinguish schwannomas from other gastrointestinal mesenchymal tumors. Adequate
sampling is necessary to perform immunohistochemical staining to diagnose schwannoma using
EUS-FNA. Furthermore, improvement in the accuracy of EUS-FNA is expected through the development of puncture needles and other components.
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