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Abstract
AIM: To assess the diagnostic yield and safety of a 

deep and large biopsy technique under the guidance 
of endoscopic ultrasound (EUS) for diagnosis of gastric 
infiltrating tumors with negative malignant endoscopy 
biopsies.

METHODS: From January 2009 to March 2014, 36 
patients in whom gastric infiltrating tumors had been 
diagnosed by EUS received negative results for 
malignancy after endoscopic biopsies. The deep and 
large biopsy technique combined bite-on-bite technique 
with or without endoscopic mucosal resection (EMR) 
to obtain submucosal tissue from lesions. EUS was 
used to select the appropriate biopsy sites. If the 
lesion protruded into the cavity, EMR was performed 
for removal of the overlying mucosa and then bite-on-
bite technique was conducted in the resected area to 
obtain submucosal tissue. If the lesion appeared to be 
flat or was difficult to lift by injection, the bite-on-bite 
technique was directly used.

RESULTS: Twenty-eight of the 36 patients were 
treated by EMR followed by bite-on-bite technique, 
while 8 patients only underwent bite-on-bite technique. 
Histological results showed 23 of the 36 lesions were 
poorly differentiated adenocarcinomas, 2 diffuse large 
B cell lymphomas, 4 mucosa-associated lymphoid 
tissue-type lymphomas, and 7 undiagnosed. The deep 
and large biopsy technique provided a definitive and 
conclusive diagnosis in 29 (80.6%) of the 36 patients. 
The 12 gastric linitis plastica and 6 lymphoma patients 
received chemotherapy and avoided surgery. Minor 
oozing of blood in 2 mucosal resection wounds was 
managed by argon plasma coagulation and in 5 cases 
after deep biopsies by epinephrine (0.001%). Neither 
severe hemorrhage nor perforation occurred in any 
patient.

CONCLUSION: The deep and large biopsy technique 
is superior to ordinary endoscopic biopsy for achieving 
an accurate diagnosis of gastric infiltrating tumors. 

Retrospective Study
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This procedure guided by EUS is an effective and safe 
diagnostic method for gastric infiltrating tumors in which 
endoscopic biopsy results were negative for malignancy.
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Core tip: The diagnosis of gastric infiltrating tumors 
is challenging, which is often delayed due to negative 
endoscopic and histological tests. We for the first time 
investigated the deep and large biopsy technique for 
diagnosis of gastric infiltrating tumors with negative 
malignant endoscopy biopsies. This biopsy technique 
combined bite-on-bite technique with or without 
endoscopic mucosal resection. Endoscopic ultrasound 
was used to select the thickest site for biopsy. The 
biopsy provided a definitive and conclusive diagnosis 
in 29 (80.6%) of the 36 patients. Neither severe 
hemorrhage nor perforation occurred. It is an effective 
and safe diagnostic method for gastric infiltrating 
tumors with negative endoscopy biopsies.
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INTRODUCTION
The most common gastric infiltrating tumors are 
gastric linitis plastica (GLP) and gastric lymphoma. 
GLP is a diffuse, infiltrating carcinoma characterized by 
thickening and rigidity of the stomach wall. Generally, 
GLP infiltrates the submucosal layer without destroying 
the structure of the stomach wall, and thus specific 
findings in the mucosal layer are insufficient for making 
a diagnosis[1,2]. Few patients are curable because at 
diagnosis the tumor is frequently advanced, with 
invasion of neighboring organs or distant metastasis[2]. 
On the other hand, primary gastric lymphoma 
comprises only 5% of gastric malignant tumors[3]. Most 
gastric lymphomas originate in the submucosa, and 
diagnosis via gastroscopy and forceps biopsy is often 
difficult[4]. The distinction between gastric lymphoma 
and GLP is also important for the treatment.

Endoscopic ultrasound (EUS) is a reliable nonsurgical 
technique for diagnosis and staging of gastrointesti­
nal malignancies. The EUS examination has become 
an integral part of the pre-therapeutic evaluation in 
patients suspected of submucosal tumors of the upper 
gastrointestinal tract[5,6]. EUS can be used to ascertain 

the echogenicity, location, size, and depth of lesions and 
perigastric lymph nodes that are the diagnostic criteria 
for GLP or gastric lymphoma[4,7]. On EUS images, GLP 
is more likely to feature a pattern of vertical spread, 
while horizontal spread is more typical of gastric 
lymphoma[4,8]. Although some lesions have distinctive 
EUS characteristics, using these diagnostic criteria 
alone to distinguish lymphoma from GLP is inadequate. 
Consequently, tissue sampling is necessary to establish 
a conclusive diagnosis. 

Specimens obtained from a standard endoscopic 
biopsy rarely provide a confirmative diagnosis because 
lesions in the submucosa are difficult to reach with 
forceps. To clarify the diagnosis, repeated biopsies 
or deep biopsy is required. It has been reported that 
the bite-on-bite technique is effective and safe for 
subepithelial lesions[9], but the number of cases was 
limited and lesions did not appear to be hypervascular 
or under a thick overlying epithelium. 

Endoscopic mucosal resection (EMR), which recently 
has been widely applied for the treatment of early 
stomach cancer, may be useful in the diagnosis of GLP 
and gastric lymphoma[10]. EMR can obtain a larger 
tissue specimen and therefore may increase the rate of 
positive diagnostic findings compared with conventional 
biopsy. However, the procedure is associated with an 
increased risk of complications, including perforation 
and bleeding[11]. Performing EMR under the guidance 
of EUS may reduce operational risk and complications. 
However, no systematic study of EMR combined with 
bite-on-bite technique for diagnosis of gastric infiltrating 
tumors has been reported.

In the present study, we retrospectively investigated 
the safety and efficacy of EMR and bite-on-bite 
technique under the guidance of EUS for diagnosis of 
gastric infiltrating tumors that had been determined 
nonmalignant through endoscopic biopsy.

MATERIALS AND METHODS
From January 2009 to March 2014 in our department, 
36 patients (19 men, average age 53.5 years, age 
range: 31-77 years) suspected of gastric infiltrating 
tumors underwent deep and large biopsies guided by 
EUS. All patients had undergone ordinary biopsies 2 
to 4 times and pathology showed negative results. 
During routine endoscopic examinations, among 
the 36 patients, 6 were asymptomatic, while 11, 
6, 6, 4 and 3 patients presented with abdominal 
pain, gastrointestinal tract hemorrhage, abdominal 
circumference, obstruction, and mass, respectively. 
They provided informed consent for deep and large 
biopsies. Therapy, pathology, and image data were 
extracted. The institutional review board at Zhejiang 
University approved this study. 

All patients received deep and large biopsies under 
the guidance of EUS. A 12-MHz probe (GF-UM 2R, 
Olympus, Tokyo, Japan) and two-channel endoscope 
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(GIF-2T240, Olympus, Tokyo, Japan) were used for 
ultrasonographic study. The lesion was scanned after 
filling the stomach with water. By EUS, the location, 
echogenicity, and infiltrated depth of tumors were 
characterized, and the maximum thickness of the 
gastric wall, perigastric lymph nodes, and ascites were 
noted. 

EUS was used to select the thickest site for biopsy. 
If the lesion protruded into the cavity, EMR was 
performed for removal of the overlying mucosa and 
then bite-on-bite technique was conducted in the 
resected area to obtain submucosal tissue. If the lesion 
appeared to be flat or was difficult to lift by injection, 
the bite-on-bite technique was directly used. EMR was 
performed with a conventional electrosurgical snare 
(FD-IU, Olympus, Tokyo, Japan) and an electrosurgical 
unit (VIO 200D, ERBE, Tubingen, Germany). The 
lesion was lifted by submucosal injection of indigo 
carmine (0.002%) and epinephrine (0.001%), and the 
mucosa was then resected. The bite-on-bite technique 
was performed as previously reported[11] using a 
biopsy forceps with needle (Radial jaw 3 standard 
capacity, Boston Scientific). Each bite was directly 
taken from top of the previous bite in an attempt to 
burrow into the lesion. Two to eight bites per lesion 
were performed for every patient. All specimens 
were sent for pathologic study, some of which were 
assayed by immunohistochemistry. Procedural risks 
and complications such as perforation and hemorrhage 
were recorded. 

RESULTS
Thirty-six patients were examined using EUS, and 
gastric infiltrating tumors were diagnosed. The lesions 
were diffusely located in 13 cases, and in 10, 5, 5, 
and 3 cases located in the body and antrum, fundus 
and cardia, body only, and antrum only, respectively. 
EUS showed that the lesion site had been replaced 
by a hypoechoic or medium-echoic thickened gastric 
wall. In 24 of the 36 lesions, the muscularis propria 
was invaded and the first three sonographic layers 
were blurred or even indistinguishable and absent 
(Figure 1A), while in the remaining 12 lesions the five 
sonographic layers were invaded (Figure 1B). The 
maximum full thickness of the stomach wall ranged 
from 10 mm to 29 mm, with an average of 16.3 
mm. Perigastric lymph nodes were seen in 3 patients 
and perigastric ascites in 6 patients (Figure 1C and 
1D). In 2 patients, both perigastric lymph nodes and 
perigastric ascites were found. 

The deep and large biopsy procedure was performed 
under the guidance of EUS to determine appropriate 
biopsy sites (Figures 2 and 3). The choice of EMR or 
bite-on-bite technique was based on the endoscopic 
results. Twenty-eight of the 36 patients underwent 
combined EMR and bite-on-bite technique (Figure 
3), while the remaining 8 patients were given bite-
on-bite technique alone (Figure 2). Minor oozing of 
blood in 2 mucosal resection wounds was managed 
by argon plasma coagulation (APC) and in 5 cases 
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Figure 1  Endoscopic ultrasound characteristics of gastric infiltrating tumors. A: Invaded muscularis propria and the first three blurred sonographic layers; B: 
Invaded serosal layer; C: Ascites around gastric wall; D: Perigastric lymph node. 
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are beyond the reach of conventional-sized forceps. In 
cases of GLP, the false-negative rate with endoscopic 
mucosal forceps biopsy can be as high as 55.9%[13]. 
In our department, from January 2009 to March 
2014 there were at least 36 patients with gastric 
infiltrating tumors determined by EUS, with negative 
malignant endoscopy biopsies. It has been shown 
that, for diagnosis of GLP, the accuracy of computed 
tomography (74.6%, 44/59) was significantly higher 
than that of gastroscopy (44.1%, 26/59; P < 0.001), 
yet this is still not effective enough for making a clear 
diagnosis[13]. 

EUS may be a viable pre-surgical diagnostic 
method, increasing diagnostic accuracy and safely 
predicting gastric infiltrating tumors on the basis 
of endosonographic characteristics[4,14]. According 
to a prospective multicenter study by Rösch et 
al[15], EUS had a sensitivity of 64% and a specificity 
of 80% in differentiating between malignant and 
benign submucosal tumors. However, the differential 
diagnosis between GLP and gastric lymphoma is not 
an easy task. In the present study, EUS showed that 
in all patients the lesion site had been replaced by a 
hypoechoic or medium-echoic thickened gastric wall. 
The invaded sonographic layered structures were 
blurred or even indistinguishable. Although some of 
these lesions had distinctive classifiable EUS features, 
endosonographic criteria alone were inadequate and 
could not confirm a clear diagnosis. 

For tissue acquisition of gastric submucosal lesions, 

after deep biopsies by epinephrine (0.001%). None 
of the patients suffered from severe hemorrhage or 
perforation. 

Postoperative histological results showed that 23 of 
the 36 lesions were poorly differentiated adenocarcinomas 
(including 9 signet-ring cell carcinomas), 2 diffuse large 
B cell lymphomas, 4 mucosa-associated lymphoid 
tissue-type lymphomas, and 7 of unknown type. The 
diagnostic yield of the bite-on-bite technique was 6 
(75%) of 8, whereas that of EMR with bite-on-bite 
technique was 23 (82.2%) of 28. The deep and large 
biopsy technique provided a definitive diagnosis in 
29 (80.6%) of the 36 patients (Table 1). Based on 
the systemic assessment, 3 GLP patients underwent 
surgery. Twelve unresected GLP and 6 lymphoma 
patients received chemotherapy, and 5 GLP patients 
received both surgery and chemotherapy. Three GLP 
patients refused treatment. Five patients with negative 
results underwent surgery and the pathologic results 
showed poorly differentiated adenocarcinomas. Two 
patients without a definitive diagnosis were confirmed 
as adenocarcinomas by endoscopy biopsies at the 3- 
and 6-mo follow-up, respectively. 

DISCUSSION
Making a diagnosis of gastric infiltrating tumors is 
challenging, and is often delayed due to false negative 
endoscopic and histological tests[1,2,12]. These tests can 
be false negative because lesions in the submucosa 
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Figure 2  Endoscopic ultrasound-guided bite-on-bite technique. A and B: A gastric infiltrating tumor diagnosed by endoscopic ultrasound (EUS) (red arrow); C: 
Bite-on-bite technique performed after EUS localization; D: The bite is taken on top of the previous one to obtain valid tissue; E: Postoperative wound; F: Histology 
confirmed lymphoma (HE staining, × 400). 
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a variety of deep and large techniques have been 
developed, such as jumbo biopsy, EUS-guided fine 
needle aspiration (EUS-FNA), endoscopic submucosal 
resection, endoscopic submucosal dissection and the 
bite-on-bite technique[11,16-20]. It was reported that EUS-
FNA provided a definitive diagnosis for sub-epithelial 
lesions in 14 (45.1%) of 31 patients, while the rate of 
a clearly definitive diagnosis using the jumbo biopsy 
forceps was 76 (58.9%) of 129 patients[17]. According 
to a retrospective study by Cantor et al[11], for the 
evaluation of sub-epithelial tumors the diagnostic yield 
was 17% (4/23) using the jumbo forceps and 87% 
(20/23) for endoscopic resection. However, these 
studies were performed with many limitations. EUS-
FNA is not reliable for obtaining valid tissue and may 
be inadequate or inaccurate for diagnosis[16,18,20]. The 
use of jumbo forceps or EMR may increase the surface 
area of the tissue sample, but does not significantly 
increase its depth[11], and there are procedural 
risks and complications such as perforation and 
hemorrhage[17]. The bite-on-bite technique for deep 
biopsy of the stomach wall yields valid submucosal 
tissues, which may increase the accuracy rate for clear 
and positive diagnoses. Nevertheless, gastric infiltrating 
tumors usually have a thickened epithelium which may 
limit the use of bite-on-bite technique. In this study, 
we assessed the diagnostic yield of combined EMR and 

bite-on-bite technique for gastric infiltrating tumors 
that had received negative results for malignancy via 
endoscopy biopsies. Based on the endoscopic results, 
28 of 36 patients were treated by combined EMR and 
bite-on-bite technique, and the other 8 patients only 
underwent bite-on-bite technique. The deep and large 
biopsy technique provided a definitive and confirmative 
diagnosis in 29 (80.6%) of the 36 patients. 

Before planning an appropriate therapy, definitive 
pathology tests and results are essential for diagnosis 
of gastric infiltrating tumors. In the present study, 
based on the systemic assessment patients given a 
definite diagnosis underwent individualized treatment. 
The 12 unresected GLP and 6 lymphoma patients 
received chemotherapy and avoided surgery. Thus, 
deep and large biopsy technique helps to improve 
decision making in the management of gastric 
infiltrating tumors. 

Previous studies showed that deep and large 
biopsy techniques for submucosal lesions have been 
associated with a relative risk of complications, 
mainly hemorrhage and perforation[11,19-22]. To reduce 
the complication rate, Cantor et al[11] proposed that 
endoscopic resection should be performed in obviously 
symptomatic patients (e.g., with gastrointestinal 
bleeding or abdominal pain or obstruction). In 
asymptomatic patients, it should be limited to lesions 
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Figure 3  Endoscopic mucosal resection combined with bite-on-bite technique under the guidance of endoscopic ultrasound. A and B: A gastric infiltrating 
tumor diagnosed by endoscopic ultrasound (EUS); C: The thickest site was selected for biopsy after EUS localization (red arrow); D: The mucosa was then resected; E: 
Bite-on-bite technique was performed in the resection area; F: Histology confirmed adenocarcinoma with poor differentiation (HE staining × 400).
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that are either malignant or suspected malignant. 
EUS-guided biopsy has the potential to reduce the 
complication rate. In our study, EUS was used to select 
the correct excision site. Deep and large biopsies were 
performed successfully in all the 36 patients. Minor 
oozing of blood occurred in 7 patients, which was 
easily managed with APC or epinephrine (0.001%) 
during the procedure. Neither severe hemorrhage nor 
perforation occurred in any patient. 

In conclusion, the deep and large biopsy is superior 
to ordinary biopsy in its ability to achieve an accurate 
and positive diagnosis of gastric infiltrating tumors. 
The procedure guided by EUS is an effective and safe 
diagnostic method for gastric infiltrating tumors with 
negative endoscopy biopsies, and is also suitable for 
the diagnosis of other sub-epithelial lesions of the 
gastrointestinal tract. In addition, diagnostic results 
can provide key information for decision making in the 
management of gastric infiltrating tumors.
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