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Abstract

Objective
The fundus of the stomach is a challenging region for endoscopic resection of gastrointestinal stromal
tumors (GISTs), especially in the anterior wall of the fornix at the side of the greater curvature. The aim of
this study was to introduce using the “6”-turn of gastroscopy along the greater curvature wall (6TGS)
technique in operation on the gastric fundus and provide evidence of its advantages.

Methods
The clinical data of patients with stromal tumor in muscularis propria at the gastric fundus (STMF) at the
Fourth Hospital of China Medical University between July 2016 and Dec 2020 were reviewed. The novel
6TGS technique was used in the procedure. The bene�cial effects, suitability, applicable lesion site,
in�uencing factors, and success rates of 6TGS were analyzed.

Results
Ten cases in total were reviewed, and the 6TGS technique was successfully performed in 7 cases (70%).
In all 7 patients, the gastroscope’s tip could access the location just below the gastric cardia, and all
angles/sites of the fundus of the stomach could be operated on. The lesion was easily accessed, and the
gastroscope was stable with good left-right movement ability and moderate forward and backward
movement ability.

Conclusion
6TGS can improve the safety of gastroscopy resection of STMF and facilitate the excision of tumors in
challenging sites in the gastric fundus. Patients need to be under general anesthesia with endotracheal
intubation in the supine position to perform the 6TGS technique after distending the stomach with less
air.

1. Introduction
Gastrointestinal stromal tumors (GISTs) are the most common gastrointestinal mesenchymal neoplasms
and one of the clinically common submucosal tumors (SMT) of gastric origin[1, 2]. Stromal tumors in
muscularis propria (STMF) occur more at the fundus of the stomach, accounting for 51.5% of all GISTs
sites[3, 4]. Notably, the clinical presentation of STMF is nonspeci�c, and few patients are presented with
gastrointestinal bleeding[5]. Complete resection of STMF is currently the best treatment[6], including
different approaches such as traditional open surgery, laparoscopy, and gastroscopy dissection. However,



Page 3/14

many reports have demonstrated that gastroscopy dissection is the safest and most effective treatment
for STMF of the fundus[3].

Several gastroscopy dissection techniques are used nowadays in clinical practice, including Endoscopic
submucosal dissection (ESD)[7], endoscopic submucosal excavation (ESE)[8], endoscopic full-thickness
resection (EFTR)[9, 10], submucosal tunneling endoscopic resection (STER)[11], and the combination of
EFTR and laparoscopic approach[3, 12–15]. The fundus of the stomach is considered a challenging area
for endoscopic resection of tumors in muscularis propria[16], especially when using ESD[17], ESE, or
EFTR[18, 19]. Additionally, endoscopic resection of lesions in the middle of the fornix and the anterior wall
of the fornix is extremely di�cult in clinical practice, especially the anterior wall of the fornix at the side of
the greater curvature.

IN some STMF cases, the removal procedure requires the U-turn of the distal tip of the gastroscope[20]. In
these cases, the progress of the tip is opposite to the moving direction of observing, and the body of the
gastroscopy becomes suspended without support; thus, it is di�cult to operate and control. In 2016,
Professor Zhi-Feng Zhao discovered the “6”-turn of gastroscopy along the greater curvature wall (6TGS)
during the endoscopic treatment for a patient with STMF and successfully completed the procedure.
Using 6TGS, the endoscopy progresses into the stomach continuously so that the tip of the gastroscopy
makes a “6”-turn along the gastric wall and accesses the gastric fundus without access to the antral
cavity. The present study introduces this new endoscopy progression technique and the results of its
applicability in practice.

2. Patients And Methods

2.1. Subjects
The clinical data of STMF patients who accepted the new 6TGS technique at the Fourth Hospital of
China Medical University between July 2016 and Dec 2020 were retrospectively analyzed. Since it is a
retrospective study, not a clinical trial, no IRB approval or informed consent are needed.

Case selection requirements: (i) gastroscopy revealed elevated mucosa at the fundus of the stomach; (ii)
endoscopic ultrasonography revealed STMF; (iii) no history of gastric cardiac or gastric surgery; (iv)
tolerance to general anesthesia and tracheal intubation; (v) the diameter of the lesions was < 5 cm[21];
(vi) patients who were informed with the new endoscopic technique and signed the consent form.

Exclusion Criteria (contraindications for endoscopic resection of gastrointestinal submucosal
tumors[21]): (i) an enlarged lymph node or distant metastasis lesion was identi�ed; (ii) patients with a
poor general health condition who couldn’t tolerate endoscopic surgery; (iii) patients with bleeding and/or
ulceration on the surface of the lesion.

2.2. Methods
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2.2.1. The endoscopy progression technique
The presented endoscopy progression technique for gastric fundus surgery involves using the “6”-turn of
the gastroscope along the greater curvature wall. The gastroscope does not enter the gastric antrum after
passing through the gastric cardia while the endoscopy progresses continuously; the gastroscope body
then makes a “6”-turn along the wall of the posterior wall of the upper gastric body and the wall of greater
curvature to access the fornix of the stomach. When the gastroscope pushes forward, its tip moves
towards the fundus of the stomach, and when the gastroscope pulls back, its tip moves away from the
fundus. Thus, the gastroscope body is �xed in the upper gastric body by the stomach wall without being
suspended. We named this endoscopy progression technique: “6”-turn of gastroscopy along the greater
curvature wall (6TGS). This new technique avoided the paradoxical movement in other advanced
endoscopy progression skills such as common U-turn. (Please refer to Fig. 1).

2.2.2. Endoscopic resection
All endoscopic surgeries were performed following Professor Zhi-Feng Zhao’s guidance of 6TGS. The
operators were senior endoscopists in our endoscopic treatment center who had several years of ESD
surgery experience. The patients underwent endotracheal intubation under intravenous anesthesia before
the endoscopic surgery. CO2 was the anesthesia of choice for the endoscopic surgeries of STMF[22, 23].

For the endoscopic resection of STMF, we mainly used ESD[24] or EFTR[25], depending on the growth
pattern and depth of invasion of the tumor.

2.2.3. Data collection
The following data were collected and analyzed: (i) basic information of patients; (ii) whether 6TGS was
successfully performed; (iii) the selected endoscopic method (after successful 6TGS). Lesion sites
suitable for 6TGS were selected according to the division of gastric fundus and the lesion area, as shown
in Fig. 2. The success rate, results, operating characteristics, and success and failure factors of 6TGS
were analyzed. The operating characteristic assessment was scored using the following grades: very
good, good, fair, and poor.

2.3. Postoperative Management
After the ESD procedure, patients were required bed rest, food fasting and water fasting for three days,
and administration of antibiotics for three days. The above measures and gastrointestinal
decompression were performed for �ve days after EFTR. Parenteral nutrition was given during fasting,
and continuous oral proton pump inhibitor and gastric mucosal protective agents were administered 6–8
weeks postoperatively. Patients were observed for complications of ESD and EFTR, mainly bleeding and
perforation[26].

2.4. Follow-Up
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All patients were followed up regularly with gastroscopy examination at 3, 6, and 12 months after the
operation, and then were examined once a year to observe the wound healing and check for any residual
or recurrent tumors.

2.5. Histopathological Evaluation
The resected pathological specimens were immediately �xed in 10% neutral buffered formalin, followed
by histopathological examination. A pathologist con�rmed the diagnosis, and immunohistochemical
staining was performed if necessary for differential diagnosis.

2.6. Statistical Analyses
Statistical analyses were performed using IBM SPSS Statistics 25.0 (SPSS Inc., Chicago, IL, USA).
Continuous data were expressed as X ± s. Categorical data were presented as numbers or percentages
(%).

3. Results

3.1. Patient Information
A total of 112 cases diagnosed with STMF and treated in the Fourth A�liated Hospital of China Medical
University from 2016 to 2020 were evaluated. There were 10 patients quali�ed for the 6TGS technique (2
males and 8 females), aged 57.6 ± 10.07 (46–78), with a lesion diameter of 1.34 ± 1.63 (0.5-5.0) cm.
6TGS was successfully performed in 7 patients (70%), failed in 3 patients (30%). Endoscopic treatment
methods after successful 6TGS: EFTR: 5 cases; ESD: 2 cases. (See Table 1).
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Table 1
Case Information

Items Details Number of
cases

Age 57.6 ± 10.07 (46–78) years 10

Sex Male 2

  Female 8

Lesion diameter 1.34 ± 1.63(0.5-5.0) cm  

Location Middle of the fornix 1

  Great curved side of anterior wall of
the fornix

4

  Posterior wall of fundus 1

  Greater curvature side of fundus 1

  Greater curvature side of middle of the
fornix

3

Endoscopic surgery method after
successful 6TGS

ESD 2

  EFTR 5

Successful 6TGS 7/10 70%

Surgical duration: 83.86 ± 46.74 (47–182) min  

Complications: None observed 0

Length of hospitalization 7.29 ± 0.49 (7–8) days  

3.2. The results of 6TGS application:
After 6TGS was used in 10 patients, the tip of the gastroscope could access the location just below the
gastric cardia in 7 patients. All angles of the fundus of the stomach were operable in all 7 patients. Using
6TGS, there was no need for paradoxical movement; it was much easier to access the lesion and observe.

3.3. The Suitable location for 6TGS:
6TGS allowed clear visualization of the lesions in all the fundus area and the mucosa just below the
gastric cardia.

3.4. Operating characteristics of 6TGS:
In this study, 6TGS was mainly used for submucosal injection and lesion dissection during endoscopic
treatment of STMF. Post-resection trauma suturing was performed in a conventional endoscopy
progression.
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Using 6TGS, we were able to access and visualize the following area in the lesion: the edge close to the
pylorus (7/7), the edge close to gastric cardia (5/7), and the left and right edges (7/7). When the lesion
was large, it was di�cult for the gastroscopy body to cross the lesion to observe the lesion’s edge at the
gastric cardia.

As for the Operational Performance Evaluation of the 6TGS technique, it was very accessible to navigate
the tip of the gastroscope tip left or right using the small adjusting knobs; however, moving the
gastroscope forward and backward was still of moderate di�culty. The gastroscope’s body makes a “6”-
turn along the gastric wall, which made the gastroscopy tip stable at every angle due to the support of the
gastric wall. The gastroscope was stable at every angle without the need for an assistant to support the
endoscope, and the operator could manually adjust the devices in the instrument channel to complete a
variety of complex adjustments, cutting, and hemostasis. Since the gastroscopy tip could access the
lesion’s edges with stable visualization, the details of each layer below the mucosa and above the lesion
could be clearly observed; however, water accumulation in the lesion area had certain interference. The
stability of the gastroscope body increased the forward puncture ability of the injection needle during
submucosal injection. The 6TGS technique also allowed the gastroscopy body to form a small injection
inclination angle with the gastric wall, making it easier to enter the submucosal space. (See Table 2.)

Table 2
Evaluation of 6TGS operating characteristics

Items Very good Good Fair Poor

The left and right movement ability   7/7    

Push forward and pull back ability     7/7  

Ability to stay in place 7/7      

Visualization ability 6/7 1/7    

Submucosal injection result 6/7 1/7    

The dissector can be parallel to the muscularis propria forming a good inclination angle during the
dissection of the STMF except for tumors at the posterior wall of the fundus. There was some resistance
while progressing the instruments in the instrument channel using the 6TGS technique; however, this
defect is the same as in the traditional U-turn.

3.5. Factors affecting the success of 6TGS.
Surgeries were performed while the patients were in the supine position under general anesthesia with
endotracheal intubation. In 3 patients, 6TGS could not be completed due to the fundus morphology of the
lesion. 6TGS was successfully performed in 7 cases, in which the visualization was air-dependent, and
the gastric in�ation was successful with less air volume. Notably, 6TGS could not be completed with
more air volume in the stomach.

3.6. Postoperative and follow-up results:
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The operation duration using the 6TGS technique was 83.86 ± 46.74 (47–182) min, and the hospital stay
was 7.29 ± 0.49 (7–8) days. Postoperative histopathological evaluation revealed stromal tumors. No
complications were observed, and the patients recovered well after the operation. During the
postoperative follow-ups, there was no residual or recurrent tumor, metastasis, or death.

4. Discussion
The 6TGS technique is a novel direct endoscopy progression method, with no paradoxical movement
involved.

Our team discovered the 6TGS technique during an STMF procedure. Through practice and after
analyzing the results, the present study summarizes the operation method and the success rate of 6TGS.
Unlike the typical progression way, in which the gastroscope’s tip usually reaches the antrum �rst, the
6TGS technique uses the resistance of the posterior wall of the upper gastric body (near the junction with
the fundus) and the greater curvature as the supporting force to progress the gastroscope along the arc
from the posterior wall of the gastric body to the angular incisure, making a “6”-turn along the gastric
wall. This route allows the gastroscope to access the fundus of the stomach and even access just below
the gastric cardia. The fundus of the stomach can then be handled from all angles. Thus, there is no need
for paradoxical movement, making it much easier for the operators to access the lesion for more
visualization and handling in operation. This novel endoscopy progression method is guaranteed to
improve the STMF operation.

Additionally, when observing the fundus of the stomach using the 6TGS technique, it was found that the
mucosa just below the gastric cardia can be clearly visualized. The gastroscope tip could operate the
lesion at a close distance, which can signi�cantly bene�t operating on lesions below the gastric cardia.

6TGS: Solutions to the challenges of endoscopic treatment of GIST in the gastric fundus

The fundus of the stomach is considered a challenging area for ESD[17], ESE, or EFTR[18, 19]; the ESD
technique is complex and prone to perforation[27], and the EFTR technique intentionally destroys the full
thickness of the gastric wall, causing perforation to remove the lesion then sutures the wound by nylon
suture and or hemostatic clips[28]. One of the current endoscopic treatments used for STMF is EFTR[16].
And indeed, EFTR surgery was predominant in our surgeries (5/7).

Endoscopic operation on gastric fundus is challenging, mainly due to the need for the traditional
endoscopic progression method to be bent backward (U-turn) to access and observe the fundus of the
stomach completely. The direction of endoscopy body movement is opposite to the direction of
observation (paradoxical movement), and the endoscopy body gets suspended, which makes the
operating space for the fundus of the stomach limited[17]. When the endoscope’s body is suspended
using the common U-turn technique, the forward injection force becomes immensely impaired, and the
injection needle is perpendicular to the muscularis propria, making it di�cult to �nd the submucosal
space. Additionally, the resistance increases when surgical instruments (such as electrotome, thermal
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coagulation forceps, etc.) are delivered through the instrument channel due to the big curved angle.
Following the current commonly used technique, we found that endoscopic treatment of STMF lesions in
the middle of the fornix and anterior wall of the fornix was extremely challenging, especially the anterior
wall of the fornix at the side of the greater curvature. Thus, a better endoscopic technique was needed to
observe, deliver surgical instruments, and operate on these challenging tumor sites.

Operating Characteristics of the 6TGS

6TGS solves the problem of eliminating the need for paradoxical movement; thus, the gastroscope’s body
becomes stable, contributing to more exposure of the lesion, improving the visualization, and increasing
the forward puncture ability of the injection needle during submucosal injection.

Except for STMF in the posterior wall of the fundus, 6TGS allows the angle of the endoscope’s tip to
reach the mucosa and muscle layer for submucosal injection, and a transverse incision can be used to
cut the mucosa above the lesion, as each layer below the mucosa/above the lesion could be clearly
observed. 6TGS ensures that the direction of the electrical cutting tool is parallel to the muscle during
dissection, which reduces injury and the risk of bleeding.

Factors affecting 6TGS

The success rate of 6TGS was 70% in our clinical practice. At present, 6TGS could only be performed
while patients were in the supine position and under general anesthesia with endotracheal intubation.
The 6TGS failure in 3 cases may be related to the morphology of the gastric fundus. In all successful
cases, less air volume in the stomach was required. More case studies are needed to investigate the
factors in�uencing the success rate of 6TGS. The success rate of 6TGS may be related to the
morphology of the fundus, the amount of air in the stomach, and the patient posture after general
anesthesia, which requires further observation and study in the future. The present study has some
limitations due to the small sample of STMF patients included who quali�ed for 6TGS; thus, bigger
observational studies are needed to promote 6TGS in the future.

Conclusions
The novel 6TGS technique can improve the safety of gastroscopy resection of STMF by providing more
exposure to the lesion, improving the visualization, and increasing the injection needle’s forward puncture
ability during submucosal injection without the need for paradoxical movement in the currently
challenging STMF tumor sites in the gastric fundus. The 6TGS technique is recommended to be
performed while the patients were in the supine position, under general anesthesia with endotracheal
intubation, and with a small amount of air in�ation.
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Figures

Figure 1

A Gastric fundus and cardia were observed by conventional U-turn technique, the gastroscopy body is
suspended, without support. B Endoscopy progression just below the gastric cardia using the “6”-turn of
gastroscopy along the greater curvature wall (6TGS) technique, the the gastroscopy body is supported by
the gastric wall. (The �gure 1&2 is drawn by the authors of this article, not from any other sources).
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Figure 2

Gastric Fundus Subdivisions: A: Fornix; B: Lesser curvature of the stomach; C: Greater curvature of the
stomach; D: Anterior wall; E: Posterior wall; F: Gastric cardia


