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Abstract

AIM

To report on a more accurate diagnostic possibility
offered by endoscopic ultrasound-guided cutting of holes
and deep biopsy (EUS-CHDB) for pathologic diagnosis
of gastric infiltrative tumors and gastrointestinal
submucosal tumors.

METHODS

Ten consecutive patients who were suspected of having
gastric invasive tumors or gastrointestinal submucosal
tumors underwent EUS-CHDB with a novel vertical
diathermic loop. We reviewed their medical data and
analysed the effectiveness and safety of this new
method. The final diagnosis was based on the surgical
pathology or clinical/imaging follow-up.

RESULTS

EUS-CHDB was performed successfully in all the ten
patients. Neither severe haemorrhage nor perforation
occurred in any patient. Among the ten patients, there
were three cases of gastric linitis plastica, one case
of gastric lymphoma, five cases of gastrointestinal
stromal tumors (GISTs), and only one case of chronic
non-atrophic gastritis. That is, nine (90%) of the cases
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treated by EUS-CHDB showed positive findings.

CONCLUSION

EUS-CHDB may be a technically feasible and safe
option for patients with gastric infiltrative tumors or
gastrointestinal submucosal tumors. EUS-CHDB may be
used as a remedial or even preferred biopsy method
for submucosal lesions.

Key words: Endoscopic ultrasound; Cutting holes; Deep
biopsy; Vertical diathermic loop; Gastric linitis plastica;
Gastrointestinal submucosal tumors

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This was a prospective clinical diagnostic
trial seeking to evaluate the efficacy of endoscopic
ultrasound-guided cutting of holes and deep biopsy
for the diagnosis of gastric infiltrative tumors and
gastrointestinal submucosal tumors using a novel
vertical diathermic loop. This new technique was
proved to be a safe, technically feasible and more
accurate option for patients with gastric infiltrative
tumors or gastrointestinal submucosal tumors.
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INTRODUCTION

Gastric infiltrative tumors, commonly referred to as
gastric linitis plastica (GLP) and gastric lymphoma,
along with gastrointestinal submucosal tumors often
have more than one negative pathological finding
on ordinary endoscopic biopsies. Such troublesome
phenomena are associated with the biopsy technique
itself and the deep location of the tumors. GLP,
which is also known as Borrmann type IV or dif-
fuse infiltrating-type gastric cancer or scirrhous
carcinoma, is an invasive and diffuse carcinoma that is
characterized by a thickened, tough and rigid gastric
wall and a narrow cavity™. In general, GLP infiltrates
the submucosal layer without destroying the superficial
structure of the gastric wall; thus, pathological findings
in the mucosal layer are not available for making a
diagnosis via common biopsy™. Therefore, making an
early diagnosis is difficult, and peritoneal metastasis
is common at the time of detection, which results
in a poor prognosis“‘"”. Primary gastric lymphomas,
which are the major malignant tumors of the stomach
secondary to gastric carcinoma, mostly originate in the
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submucosa, and their diagnosis via endoscopic forceps
biopsy is often difficult, with a positive rate of only 29%
in the initial detection®™®.. For patients with primary
gastric lymphoma, in contrast to those with GLP,
effective chemotherapy produces a good outcome,
and unnecessary surgery is avoided. Therefore, the
distinction between GLP and gastric lymphoma is also
significant for treatment. Similarly, for gastrointestinal
stromal tumors (GISTs), which generally originate from
the muscularis propria, a common endoscopic biopsy
cannot acquire the correct tumor tissue that is usually
resected during surgery or endoscopic submucosal
dissection (ESD) for immunohistochemistry analysis.
Endoscopic ultrasound (EUS) is reliable in the
diagnosis and staging of gastrointestinal malignancies
and has become an indispensable evaluation in patients
who are suspected of having submucosal tumors
of the upper gastrointestinal tract”®!. Specimens
obtained with a standard endoscopic biopsy rarely
provide a confirmative diagnosis because lesions in the
submucosa are difficult to reach directly with forceps.
The excavating biopsy, snaring biopsy and endoscopic
mucosal resection (EMR), derived from the traditional
biopsy methods, are considered unsafe for frequent
complications such as haemorrhage and perforation®*®,
EUS enables the detection of the thickness of the wall
and invasive depth of lesions. Therefore, it may reduce
the operational risks and complications to finish a deep
biopsy under the guidance of EUS in real time, which
makes up for the deficiency of routine endoscopy.
In addition, given the deficiencies of the currently
available biopsy methods, such as a large wound, an
inadequate depth and a rigid gastric wall, we invented
a novel assistant tool, a reform of the diathermic snare.
It contains a control handle, an insulated sheath and
an electric mental wire whose tail end wields a small
loop vertically. This vertical diathermic loop connected
with an electrosurgical unit can be used to cut holes by
fulguration into the tumor through the biopsy channel
first, and the biopsy forceps can be poked into the holes
to acquire deep tissue samples. Here, we retrospectively
investigated the safety and efficacy of this novel
process, called EUS-guided cutting of holes and deep
biopsy (EUS-CHDB), for diagnosing gastric infiltrative
tumors and gastrointestinal submucosal tumors.

MATERIALS AND METHODS

Patients

From March 2014 to June 2016, ten consecutive
patients (including five men) at our department who
were suspected of having gastric invasive tumors or
GISTs underwent EUS-CHDB with the novel electric
ring. All patients had undergone ordinary endoscopic
biopsies one to four times, and their pathology
showed negative results. We extracted and analyzed
their medical data. The study was approved by
the Institutional Review Board of Fudan University
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Figure 1 Vertical electrode loop. A: The vertical electrode loop device; B: The loop is dragged into the sheath when not working; C and D: When working, the small
loop that is vertically wielded to the end of the electric metal wire is pushed out of the sheath.

Shanghai Cancer Center, and informed consent for the
procedure was obtained.

EUS equipment and biopsy instruments

EUS equipment in our endoscopy centre is composed
of an ultrasound mainframe (Hitachi Preirus; Hitachi,
Tokyo, Japan) and linear echoendoscopes (PANTAX
EG-3870UTK and EG-3270UK; PANTAX, Tokyo, Japan).
Biopsy instruments consisted of the following: a
vertical diathermic loop, composed of a control handle,
an insulated sheath and an electric mental wire whose
end vertically wields a small loop with a diameter
of 3-5 mm. The available length of this device was
155 cm. The small ring could be pushed out with the
largest length at 1.5 cm or pulled into the sheath
with a diameter of approximately 2 mm (Figure 1).
An electrosurgical unit was connected to the handle
of the loop, and energy delivery was controlled by a
foot switch. A small conventional biopsy forceps with a
diameter of 1.8 mm was attached.

Biopsy process

All patients experienced conventional EUS examination
first to determine the targeted focus characterized
by the obviously thick and rigid wall on the tumor.
Subsequently, the vertical diathermic loop connected to
an electrosurgical unit could be used to cut cylindrical
holes under the guidance of EUS by fulguration into the
targeted focus through the biopsy channel, and then a
conventional biopsy forceps was poked into the holes
to acquire the deep tissue samples. The diameters
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of the holes were approximately 3-5 mm, and the
depth to the location was equivalent to the muscularis
propria. Every tumor required cutting 2-3 holes to
acquire more than seven blocks of tissue specimens.
When the biopsy was finished, if the incision was too
broad or still bleeding after spraying thrombin locally,
an endoclip was selectively used to close it (Figure 2).

RESULTS

EUS-CHDB was performed successfully in all the 10
patients. The median age of the patients was 52.4
years (range: 41-75 years), and the male to female
ratio was 5:5. Characteristics of the patients and
tumors and the final diagnoses are shown in Table 1.
The average numbers of cut holes and tissue
specimens were 2.29 (range: 2-3) and 8.57 (range:
7-12), respectively. There were two cases still
haemorrhaging after spraying thrombin locally and
three cases showing a large wound, so endoclips were
used to close the incision. Neither severe haemorrhage
nor perforation occurred in any patient. According
to the pathology results from the samples obtained
by EUS-CHDB, among the ten patients, there were
three GLP cases, one gastric lymphoma case, five
GIST cases, and only one case showing chronic non-
atrophic gastritis (Figure 3). Three of the five patients
diagnosed with GISTs underwent surgical treatment,
and the surgical pathology findings were consistent
with the EUS-CHDB findings. The patient showing
chronic non-atrophic gastritis was diagnosed with GLP
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Figure 2 A case diagnosed with gastric linitis plastic. A: Endoscopic characteristics: thick and rigid gastric duplicature and a narrow cavity; B: The loop was
placed on the targeted focus characterized by the obviously thick and rigid wall on the tumor, then the holes were cut; C: A biopsy forceps was poked into the holes to
acquire the deep tissue samples under the guidance of EUS; D: The tissue specimen was then analysed histopathologically and shown to be gastric adenocarcinoma.
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Figure 3 Results of pathology and immunohistochemistry of gastrointestinal stromal tumors and gastric lymphoma. A and B: The pathology characterized
by spindle cells (HE, x 200) and immunohistochemistry showing positive CD117 staining proved the diagnosis of gastrointestinal stromal tumors (GIST); C and D:
Increased and dispersively distributed lymphocytes (HE, x 400) with positive CD10 staining according to the immunohistochemistry results confirmed the diagnosis of
gastric diffuse large B-cell lymphoma.
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Table 1 Patient and tumor characteristics

Age, median (range), yr 52.4 (41-75)
Male, n (%) 5 (50)
Tumour thickness, median 25.34 (10.6-45.2)
(range), mm
Tumour location, n
Gastric fundus
Gastric body
Gastric fundus and body
Gastric body and antrum
Descending duodenum
Final diagnosis, 1

=== gl N

Pathology obtained by Surgical resection or clinical follow-up

EUS-CHDB

Histological type Gastric GIST Gastric
adenocarcinoma lymphoma

Gastric adenocarcinoma 3 0 0

GIST 0 5 0

Gastric lymphoma 0 0 1

Chronic non-atrophic gastritis 1 0 0

The overall accuracy rate 90%

GIST: Gastrointestinal stromal tumors.

by surgical resection. According to the clinical/imaging
follow-up, the diagnosis of patients without surgical
resection was consistent with the EUS-CHDB findings.
That is, nine (90%) of the cases treated by EUS-CHDB
had positive findings.

DISCUSSION

Primary gastric lymphoma (PGL) accounts for 2%
to 8% of all malignant gastric tumors, which spread
mainly in a longitudinal growth style. Suekane et a*"
divided the patients into four groups according to the
endoscopic ultrasonography findings: superficially
spreading type, diffusely infiltrating type, mass-forming
type, and mixed type. Among the four groups, the
superficially spreading type had the highest frequency
with EUS imaging features of diffused gastric wall
thickening and replacing of the second and third layers
with a hypoecho mass. Based on the morphological
characteristics of the gastric tumor visualized by
common endoscopy or EUS, a differential diagnosis of
GLP and gastric lymphoma is difficult in most cases. In
our outpatient department of endoscopy, a 34-year-old
female patient who was clinically suspected of having
gastric lymphoma for more than 3 years but treated
as chronic gastritis subsequently suffered from a huge
abdominal mass suspected of being the product of
metastasis. We suggest that the correct histopathologic
findings are closely tied to the prognosis of GLP;
the sooner the pathology, the better the treatment.
However, a study showed that only eight cases were
correctly diagnosed by preoperative biopsy among
45 cases of GPL!*?\. Thus, finding an effective biopsy
method may be the key point.

A meta-analysis'® showed that compared with
Borrmann type "others" , B-4 had a higher incidence
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of poorly differentiated carcinoma (P < 0.01), lymph
node metastasis (P < 0.01), peritoneal metastasis (P
< 0.01), and serosal invasion (P < 0.01). Kim et a/*”
showed that the missed rate of ordinary biopsies
in diagnosing Borrmann type IV gastric cancer was
as high as 55.9%. Lesions showing thickening of
the gastric mucosa generally originate from the
submucosa, whose tissue samples obtained by large-
capacity biopsy forceps can improve the diagnostic
rate, but only to 17%!"*, For patients with gastric
infiltrative tumors whose initial biopsy is negative for
malignancy, the following two to four biopsies enable
an increase in the positive rate, but limited, and
repeated endoscopy examinations and biopsies may
bring more suffering, cost burdens and even delayed
treatment.

Along with the advancement of endoscopic
diagnostic and therapeutic technology, several novel
technologies, such as EUS-guided fine needle aspiration
(EUS-FNA), excavating biopsy, snaring biopsy and
EMR, have emerged. EUS-FNA for gastric infiltrative
tumors can be used to acquire cytology findings, but
for large tissue specimens for histopathology analysis,
with the disadvantages of difficult operations, long
time and high expenses, the positive finding rate is
still undesirable!**®!, Al-Haddad et al"” reported that
the sensitivity, specificity and accuracy rates of EUS-
FNA in the diagnosis of lymphoma were 80%-87%,
92%-93%, and 83%-89%, respectively. Recently,
Zhou et al'*® confirmed that endoscopic ultrasound-
guided deep and large biopsy technique provided a
definitive and conclusive diagnosis in 29 (80.6%) of
the 36 patients suspected of having gastric infiltrating
tumors. Excavating biopsy, snaring biopsy and
endoscopic mucosal resection (EMR), which generally
cannot obtain the correct deep tissue samples, are
considered unsafe due to frequent complications such
as haemorrhage and perforation™®.

GISTs, demonstrated to stem from gain-of-function
mutations of the platelet-derived growth factor receptor
alpha gene and/or c-kit gene™®*”, account for 1% of
primary gastrointestinal tumors. Although surgical
resection has been the main modality of treatment™,
many cases are locally advanced and unresectable
at present. In addition, after curative resections,
approximately 40% of cases will develop recurrences
in the form of local or distant metastasis™ ),
Imatinib mesylate (IM), a tyrosine kinase targeted
therapy, is now the standard adjuvant therapy before
or after surgical resection of non-metastatic GISTs
with a significant risk of recurrence® . In locally
advanced or unresectable GISTs, use of neoadjuvant
IM helps decrease the extent of resection and surgical
morbidity by diminishing the tumor and reducing the
intraoperative spillage of tumor cells®®®?*, Obtaining
the gene mutation status from the biopsy specimens
before neoadjuvant IM therapy makes the process
more accurate, which is in accordance with the latest
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edition of the NCCN clinical practice guidelines (2016)
for gastrointestinal stromal tumors. Decisions to
improve the outcomes in the management of GISTs
are based on the risk of progression, pathologic
characteristics, and tumor location'®?. Limited by a
fine needle, specimens obtained by EUS-FNA are often
not sufficient to allow immunohistochemistry and
genotype analysis, which could occur with EUS-CHDB
with careful operations to reduce the intraoperative
spillage of tumor cells®®.

Using the vertical diathermic loop, gastric infiltrative
tumors were open to the biopsy forceps safely by
electric coagulation, which resulted in a positive rate
of 90% in this study. In particular, for a rigid and
tough wall, the diathermic loop, similar to a knife,
makes the tumor incised and revealed. The vertical
angle makes cutting holes in tumors easier than with
other electroexcision tools or biopsy forceps. Under
the guidance of EUS, we can determine the most
characterized targeted focus, guarantee electroexcision
without risk, and avoid areas with abundant irregular
branch blood flow signals. In this way, EUS-CHDB was
preliminarily proved to be quite safe because neither
severe haemorrhaging nor perforation occurred in
any patient. In contrast to EUS-FNA, EUS-CHDB is
less costly, easier to carry out and, most significantly,
allows more histopathology findings. Meanwhile, EUS-
CHDB can obtain a larger tissue specimen and may
thus increase the rate of positive diagnostic findings
compared with conventional biopsies. For the only
negative case who was suspected of having GLP but
suffered a negative pathology, the rational speculation
was focused on an inadequate depth, insufficient
biopsy samples or invalid biopsy on the tissue that
received electrocoagulation. For negative cases, if
necessary, EUS-FNA combined with EUS-CHDB may
offer a satisfactory solution.

As a limitation, this study was performed at a single
centre with a small number of patients and without a
control group. Further large studies on this method are
needed to clarify the indications and clinical outcomes.

In conclusion, under the guidance of high-definition
longitudinal axis EUS, the vertical diathermic loop can
safely and efficiently break up the shield of a thick
and rigid wall of the gastric or mucous layer above
the tumor. EUS-CHDB may be a technically feasible
and safe option for patients with gastric infiltrative
tumors or gastrointestinal submucosal tumors. EUS-
CHDB could be recommended as a remedial or even
preferred biopsy method for some submucosal lesions.

COMMENTS

Background

Gastric infiltrative tumors, such as gastric linitis plastica (GLP) and gastric
lymphoma, and gastrointestinal submucosal tumors often have more than one
negative pathological finding on ordinary endoscopic biopsies. The authors
invented a novel vertical diathermic loop to perform EUS-guided cutting of holes
and deep biopsy (EUS-CHDB).
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Research frontiers

For patients suspected with gastric infiltrative tumors or gastrointestinal
submucosal tumors, diagnosis via endoscopic forceps biopsy is often difficult,
with a low positive rate in the initial detection. Several novel technologies, such
as EUS-guided fine needle aspiration, excavating biopsy, snaring biopsy and
endoscopic mucosal resection, have emerged. However, the positive finding
rate of the above techniques is still undesirable.

Innovations and breakthroughs

This study reported on a more accurate diagnostic possibility offered by EUS-
CHDB for pathologic diagnosis of gastric infiltrative tumors and gastrointestinal
submucosal tumors. This new technique was proved to be a safe, technically
feasible and more accurate option for patients with gastric infiltrative tumors or
gastrointestinal submucosal tumors.

Applications

This study provides the evidence supporting a new technique about biopsy,
EUS-CHDB, which may improve the diagnostic accuracy and even assist in the
early diagnosis of gastric infiltrative tumors and gastrointestinal submucosal
tumors.

Terminology

EUS: an endoscopy with an ultrasonic probe in the head end, which can detect
and scan lesions of the gastrointestinal tract, pancreas, liver, gallbladder and
adjacent organs by virtue of ultrasound. GLP: a special type of diffuse infiltrative
gastric carcinoma with tumor growth direction to the submucosa so that the
gastric cavity becomes small and gastric full layer is thickening and hardening.

Peer-review

Gastric infiltrative tumors, such as gastric linitis plastica and gastric lymphoma,
and gastrointestinal submucosal tumors often have more than one negative
pathological finding on ordinary endoscopic biopsies. The authors invented
a novel vertical electrode loop to perform EUS-guided cutting of holes and
deep biopsy (EUS-CHDB). The authors report on a more accurate diagnostic
possibility offered by EUS-CHDB for pathologic diagnosis of gastric infiltrative
tumors and gastrointestinal submucosal tumors. The results are interesting.
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