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Endosonographic Features of Gastric Schwannoma: A Single Center 
Experience
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Background/Aims: Gastric schwannomas are rare benign mesenchymal tumors that are difficult to differentiate from other 
mesenchymal tumors with malignant potential, such as gastrointestinal stromal tumors. This study aimed to evaluate the characteristic 
findings of gastric schwannomas via endoscopic ultrasonography (EUS). 
Methods: We retrospectively reviewed the EUS findings of 27 gastric schwannoma cases that underwent surgical excision at Pusan 
National University Hospital during 2007 to 2014. 
Results: Gastric schwannomas were mainly located in the middle third of the stomach with a mean tumor size of 32 mm. All lesions 
exhibited hypoechoic echogenicity, and 24 lesions (88.9%) exhibited heterogeneous echogenicity. Seventeen lesions (63.0%) exhibited 
decreased echogenicity compared to the normal proper muscle layer. Distinct borders were observed in 24 lesions (88.9%), lobulated 
margins were observed in six lesions (22.2%), and marginal haloes were observed in 24 lesions (88.9%). Hyperechogenic spots were 
observed in 21 lesions (77.8%), calcifications were observed in one lesion (3.7%), and cystic changes were observed in two lesions (7.4%).
Conclusions: During EUS, gastric schwannomas appear as heterogeneously hypoechoic lesions with decreased echogenicity compared 
to the normal proper muscle layer. These features may be helpful for differentiating gastric schwannomas from other mesenchymal 
tumors. Clin Endosc  2016;49:548-554
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INTRODUCTION

Gastric mesenchymal tumors are usually found inciden-
tally during endoscopy for unrelated conditions, and appear 
as firm, protruding subepithelial masses. The entities that are 
responsible for mesenchymal tumors include leiomyomas, 
gastrointestinal stromal tumors (GISTs), and schwannomas. 
Among these entities, GISTs are the most common gastric 

mesenchymal tumors that have a malignant potential.1,2

Schwannomas are tumors of spindle cells that originate 
from any nerve having a Schwann cell sheath, which are also 
known as neurinomas or neurilemmomas. Schwannomas 
in the gastrointestinal tract are rare (approximately 3% of all 
gastrointestinal mesenchymal tumors), and typically occur in 
the stomach.3,4 Gastric schwannomas arise from the sheath of 
Auerbach’s plexus or, less frequently, from Meissner’s plexus.5 
Schwannomas are generally benign, usually asymptomatic, 
slow-growing mesenchymal tumors with a very low malig-
nant potential, and they have an excellent prognosis after 
surgical resection.3 However, these tumors are often misdiag-
nosed as GISTs. It is therefore important to accurately differ-
entiate schwannomas from GISTs.

Endoscopic ultrasonography (EUS) is a valuable imaging 
modality for diagnosing and evaluating gastric mesenchymal 
tumors, because they appear as hypoechoic masses contiguous 
with the proper muscle layer of the normal gut wall on EUS.6 
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Although a definitive diagnosis of a gastric mesenchymal 
tumor is made via microscopic examination and immunohis-
tochemical staining,3 the evaluation of EUS findings regarding 
tumor size or pattern of echogenicity can be helpful in the 
differential diagnosis of mesenchymal tumors. However, only 
a few studies have examined the characteristic EUS findings 
of gastric schwannomas.7-9 Thus, it is important to develop a 
better understanding of the EUS features of gastric schwan-
nomas; differentiating them from other mesenchymal tumors 
(especially GISTs) can prevent inappropriate surgery and fa-
cilitate the use of minimal invasive treatment. Therefore, the 
present study aimed to evaluate the characteristic EUS find-
ings of gastric schwannoma.

MATERIALS AND METHODS

A database of all patients who underwent EUS at Pusan 
National University Hospital (Busan, Korea) between January 
2007 and December 2014 was retrospectively analyzed. We 
identified 27 patients who were histopathologically confirmed 
to have gastric schwannoma after surgical resection. This 
study’s design was reviewed and approved by the Institu-
tional Review Board at Pusan National University Hospital 
(E-2015009), and informed consent was obtained from all 
patients before they underwent the original treatment.

Endoscopic ultrasonography
EUS was performed with a radial scanning ultrasound en-

doscope (GF-UM2000; Olympus, Tokyo, Japan) at 7.5 and 12 
MHz. All examinations were performed under intravenous 
conscious sedation (using midazolam with or without meper-
idine), and the tumors were scanned after filling the stomach 
with 400 to 800 mL of deaerated water. At least 10 still images 
were obtained for each lesion during EUS, and digital copies 
of these images were saved in our database. 

In this study, the EUS images were reviewed by a single 
experienced endosonographer (GHK). The following EUS 
features were analyzed: location; gross shape using the Yama-
da classification;10 the presence of mucosal ulceration during 
endoscopy and/or EUS; maximal diameter; growth pattern 
(intraluminal, mural, or extraluminal); sonographic layer of 
origin; echogenicity compared to the surrounding normal 
proper muscle layer (increased or decreased); homogeneity 
(homogenous or heterogeneous); distinctness of the borders 
(distinct or indistinct); the presence of marginal haloes and 
lobulated margins; and the presence of cystic change and cal-
cification. 

Histopathological evaluation
Hematoxylin and eosin slides were reviewed for all cases, 

and the histological features (mitotic count per 50 high power 
fields and the presence of lymphoid cuff) were recorded. For 
the immunohistochemical assessments, the following antibod-
ies were used after pretreatment for epitope retrieval: anti-c-
kit (P145; Novocastra, Newcastle, UK), anti-CD34 (QBEnd-10; 
DAKO, Carpinteria, CA, USA), anti-α-smooth muscle actin 
(SMA) (1A4; DAKO), anti-desmin (D33; DAKO), anti-S-100 
protein (S100P; Novocastra), and anti-Ki-67 (MIB-1, DAKO). 
Schwannoma was defined as an S-100-positive and c-kit-neg-
ative tumor, leiomyoma was defined as a desmin-positive or 
SMA-positive and c-kit-negative tumor, and GIST was defined 
as a c-kit-positive tumor.11 The Ki-67 labeling index was calcu-
lated as the number of positive nuclear reactions per 100 cells.

RESULTS

Clinical characteristics of patients with gastric 
schwannoma

The 27 patients comprise 11 men and 16 women, with a 
mean age of 53 years (range, 26 to 68). Twenty-three patients 
(85%) had no symptoms, and their gastric schwannomas were 
incidentally detected during endoscopic screening. The four 
remaining patients (15%) were symptomatic, and presented 
with dyspepsia or epigastric pain (Table 1). All patients were 
treated via either laparoscopic wedge resection (n=24) or sub-
total gastrectomy (n=3). Three patients underwent subtotal 
gastrectomy due to large tumor size (n=1) or concurrent gas-
tric cancer (n=2). None of the patients had a history of neuro-
fibromatosis syndrome.

EUS findings of gastric schwannoma
Seventeen lesions (63%) were located in the middle third, 

eight lesions (30%) were located in the upper third, and two 
lesions (7%) were located in the lower third of the stomach. 
Three lesions (11%) exhibited surface ulceration, and almost 
all lesions (25/27, 93%) were located in the fourth (proper 
muscle) layer (Table 2). The lesions had a mean size of 32 
mm (range, 13 to 88). Fifteen lesions (56%) exhibited a mural 
growth pattern, and 12 lesions (44%) exhibited an extralumi-
nal growth pattern. All lesions exhibited hypoechoic echo-
genicity, 24 lesions (89%) were heterogeneous, and distinct 
borders were observed in 24 lesions (89%). Compared to the 
echogenicity of the surrounding normal proper muscle layer, 
17 lesions (63%) exhibited decreased echogenicity and 10 le-
sions (37%) exhibited increased echogenicity (Fig. 1). Lobulat-
ed margins were observed in six lesions (22%), and marginal 
haloes were observed in 24 lesions (89%). Hyperechogenic 
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spots were observed in 21 lesions (78%), calcification was ob-
served in one lesion (4%), and cystic changes were observed 
in two lesions (7%).

Histopathological findings
Evaluation of the resected specimens revealed that the tu-

mors were composed of haphazardly arranged spindle cells. 
Cuff-like lymphoid infiltration at the tumor periphery was 
observed in 26 tumors (Table 3). The mitotic rate was <5 mi-
toses per 50 high power fields in all tumors. All tumors were 
positive for S-100 protein (Fig. 1), and were negative for c-kit 
and desmin. Twenty-five tumors were negative for CD34 and 
SMA, one tumor was positive for CD34, and another tumor 
was positive for SMA. The Ki-67 labeling index did not exceed 
5% in all tumors.

DISCUSSION

In clinical practice, it is difficult to preoperatively differen-
tiate between schwannomas and GISTs, even if EUS-guided 
performed.12-14 Thus, identifying characteristic findings for 
schwannomas via non-invasive imaging techniques would 
be helpful for treating patients with gastric mesenchymal 
tumors. Here, we investigated the characteristic EUS features 
of gastric schwannomas using EUS, which is useful for diag-
nosing subepithelial lesions. Our findings indicate that gastric 
schwannomas were heterogeneously hypoechoic lesions with 
distinct borders, marginal haloes, and decreased echogenicity 
compared to that of the surrounding normal proper muscle 
layer. 

Gastric schwannomas occur most frequently during the 
fourth and fifth decades of life, and predominantly in wom-
en.15 Because most patients with gastric schwannoma are 
asymptomatic, these lesions are usually diagnosed incidentally 
during upper endoscopy for unrelated symptoms. However, 
large tumors or tumors with mucosal ulcerations can occa-
sionally cause bleeding.11 Similarly, we observed a female:male 
ratio of 1.5:1 and a mean patient age of 53 years. Furthermore, 
only four of our patients (15%) were symptomatic, and their 
symptoms were epigastric pain or dyspepsia.

Computed tomography (CT), magnetic resonance imaging 
(MRI), and positron emission tomography (PET) provide lim-
ited information for differentiating schwannomas from other 
mesenchymal tumors in the stomach. For example, previous 
CT studies have demonstrated that gastric schwannomas were 
well-circumscribed masses showing homogeneous or hetero-
geneous contrast enhancement.16,17 In addition, MRI studies 
have revealed that gastric schwannomas were well demarcated 
and strongly enhanced tumors, with low-to-medium signal 
intensity on T1-weighted images and high signal intensity on 
T2-weighted images.18 However, these radiological findings 
for gastric schwannomas are not specific, and are very similar 
to those of GISTs. Furthermore, several recent reports have 

Table 2. Endosonographic Features of 27 Patients with Gastric Schwannoma

Endosonographic feature No. (%)

Location

  Upper third 8 (29.6)

  Middle third 17 (63.0)

  Lower third 2 (7.4)

Ulcer

Absent 24 (88.9)

Present 3 (11.1)

Size, mm, mean (range) 32 (13–88)

Layer of origin

  Third layer 2 (7.4)

  Fourth layer 25 (92.6)

Growth pattern

  Mural 15 (55.6)

  Extraluminal 12 (44.4)

Echogenicity vs. the surrounding muscle echo

Decreased 17 (63.0)

Increased 10 (37.0)

Homogeneity

  Homogenous 3 (11.1)

  Heterogeneous 24 (88.9)

Border

  Distinct 24 (88.9)

  Indistinct 3 (11.1)

Lobulated margin

  Absent 21 (77.8)

  Present 6 (22.2)

Marginal halo

  Absent 3 (11.1)

  Present 24 (88.9)

Cystic change

  Absent 25 (92.6)

  Present 2 (7.4)

Hyperechogenic spot

Absent 6 (22.2)

Present 21 (77.8)

Calcification

  Absent 26 (96.3)

  Present 1 (3.7)
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showed gastric schwannomas with increased fluorodeoxyglu-
cose uptake during PET, which is similar to the findings for 
gastric GISTs.18,19

Although EUS is a useful imaging technique for diagnos-
ing and evaluating gastric mesenchymal tumors, only a few 
reports have been published regarding the EUS character-
istics of gastric schwannomas because of the rarity of these 
tumors. For example, EUS studies have described gastric 
schwannomas as round homogenous masses with marginal 
haloes and without internal echogenic foci.7,20 In addition, the 
echogenicity of gastric schwannomas was lower than that of 
the surrounding normal muscle layers. In other studies, EUS 
evaluation of gastric schwannomas revealed heterogeneous 
and hypoechoic masses with some hyperechogenic foci.8,9 In 
the present study, most of the gastric schwannomas exhibited 
heterogeneous and hypoechoic echogenicity with internal hy-
perechogenic foci and marginal haloes.

In the present study, we paid careful attention to the tumor 
echogenicity because almost all gastric mesenchymal tumors 
appear as hypoechoic lesions during EUS. We therefore 
compared the echogenicity of the tumor to that of the sur-
rounding normal proper muscle layer. In our previous study, 
although >50% of the GISTs exhibited increased echogenicity, 
compared to the surrounding normal proper muscle layer, 
the echogenicity of leiomyomas was similar to that of the 
surrounding normal proper muscle layer.6 In contrast, our 
present study revealed that two-thirds of the schwannoma 
exhibited lower echogenicity, compared to the surrounding 
normal proper muscle layer. This finding is consistent with the 
findings of our previous study regarding digital image analysis 
after standardized EUS images for gastric mesenchymal tu-
mors, which revealed that the intensity values for schwanno-
mas were lower than those for GISTs.1

Interestingly, it has also been reported that EUS findings 

reflect the pathologic features of gastric schwannoma.7,20 For 
example, the trend towards a lower echogenicity for schwan-
nomas in the present study may be related to a reduction 
in acoustic impedance because of the dense composition of 
spindle cells.21 In addition, approximately 90% of the gastric 
schwannomas in the present study had marginal haloes, 
which may correspond to the peripheral lymphoid cuff in our 
histological analysis.20 Nevertheless, despite marginal haloes 
being extremely common among schwannomas, this feature 
is not specific to schwannomas, and is frequently observed in 
GISTs.6 

Previous EUS studies have also suggested that exogastric 
growth, cystic changes within the tumor, hyperechogenic 
foci in the tumor, and lobulation of the tumor margins favor 
the diagnosis of malignant mesenchymal tumors, such as 
GISTs.22-24 Our results indicated that these features might also 
be useful in the identification of gastric schwannomas, as ex-
traluminal growth and hyperechogenic foci within the tumor 
were common for these lesions, although cystic changes and 
lobulated margins were uncommon.

A definitive diagnosis of a gastric mesenchymal tumor is 
typically confirmed via microscopic histopathological exam-
ination and immunohistochemical staining. Tissue acquisition 
can be obtained via EUS-guided tissue sampling, endoscopic 
resection, or surgical resection. These tumors are typically 
negative for c-kit, desmin, and SMA; are typically positive 
for S-100; and stain variably for CD34.25 In the present study, 
all cases were negative for c-kit and positive for S-100, and 
most cases (25 of 27) were negative for desmin, SMA, and 
CD34. However, the diagnostic accuracy of EUS-guided tissue 
sampling was only ~50% to 60%, due to technical failure and 
inadequate sampling.26 Therefore, we believe that our results 
regarding the EUS features of gastric schwannoma may be 
useful for managing patients with gastric mesenchymal tu-

Fig. 1. A case of gastric schwannoma (case 24). (A) Endoscopy reveals a subepithelial mass in the middle third of the stomach. (B) Endoscopic ultrasonography re-
veals that the mass is heterogeneous with an echogenicity lower than that of the surrounding normal proper muscle layer. The lesion size is 35×30 mm, and marginal 
haloes (arrow) are visible. (C) Microscopic examination reveals a relatively circumscribed mass that is composed of variably organized spindle cells surrounded by 
patches of lymphoid infiltration (arrowheads; H&E stain, ×40). The tumor cells are strongly positive for S-100 protein (boxed area, anti-S-100 antibody stain, ×400).

A  B  C
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Table 3. Histopathological Findings from 27 Patients with Gastric Schwannoma

Case Mitoses/50 
HPFs

Lymphoid 
cuff

Immunohistochemical results

c-kit CD34 SMA Desmin S-100 Ki-67 labelling index, %

1 0 + – – – – + <1

2 0 + – – – – + <1

3 0 + – – – – + 2–5

4 0 + – – – – + 2–5

5 1 + – – – – + 2–5

6 0 + – – – – + <1

7 2 + – – – – + 2–5

8 1 + – – – – + 2–5

9 0 + – – – – + <1

10 1 + – – + – + 2–5

11 0 + – – – – + <1

12 0 + – – – – + <1

13 0 + – – – – + <1

14 0 + – – – – + <1

15 0 + – – – – + <1

16 0 + – – – – + 2–5

17 1 + – – – – + 2–5

18 1 + – – – – + 2–5

19 1 + – – – – + 2–5

20 0 + – – – – + 2–5

21 1 + – – – – + 2–5

22 1 + – – – – + 2–5

23 1 – – + – – + <1

24 1 + – – – – + <1

25 1 + – – – – + 2–5

26 0 + – – – – + 2–5

27 0 + – – – – + <1

HPF, high power field; SMA, smooth muscle actin.

mors. 
This study had several limitations. Firstly, we used a ret-

rospective design to identify the EUS features of gastric 
schwannomas, and there might have been bias during the 
retrospective review of the EUS images. However, at least 10 
images were obtained during EUS examination, and this may 
partially compensate for any bias that was related to the ret-
rospective design. Secondly, although EUS examinations were 
performed, the patients were only selected for surgery based 
on the clinical opinion and decision of their physician. Finally, 
the number of gastric schwannomas included in the present 
study is somewhat small, because schwannomas are relatively 
rare lesions in the stomach compared to GISTs. Therefore, 
prospective multi-center studies are needed to validate our 

findings regarding the EUS features of gastric schwannoma.
In conclusion, our examination of EUS images revealed 

that gastric schwannomas were heterogeneously hypoechoic 
lesions with distinct margins and marginal haloes that orig-
inate in the proper muscle layer. The echogenicity of these 
lesions was lower than that of the surrounding normal proper 
muscle layer, and cystic changes and calcifications were rare. 
Although more invasive procedures may be needed to ob-
tain tissue samples in some cases, these EUS features may be 
helpful for differentiating gastric schwannomas from other 
mesenchymal tumors, especially GISTs.
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