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Abstract: Objective: To analyze the therapeutic effect of digestive endoscopy tunneling technology on upper gastrointestinal muscularis propria tumors. Methods: A total of 120 patients with upper gastrointestinal tumors in the
muscularis propria treated in our hospital in the past two years were recruited as the study cohort. They were treated
using the digestive endoscopic tunneling technique, specifically, endoscopic submucosal tunneling tumor resections, and their clinical data, surgical conditions, pathological results, incidences of complications (CR), and anxiety
scores were recorded. A postoperative follow-up was conducted on the patients. Results: A total of 122 tumors were
removed from 120 patients, including two patients who had two tumors each. The largest diameter among the tumors was 4.2 cm, and the average diameter was (2.01±1.56) cm. There were 86 tumors located in the superficial
layer of the muscularis propria and 36 pieces in the deep layer. No significant differences were found in the patients’
clinical data (P > 0.05). The 120 patients all successfully completed their operations. The operation times ranged
between 26 min and 158 min. The en bloc resection rate was 95.8%, and the average postoperative hospital stay
was 3.8 days. The pathological diagnoses showed that there were 72 leiomyomas, accounting for 59.0% of the total,
and 44 stromal tumors, accounting for 36.1%. There were 2 glomus tumor cases, accounting for 1.6%, and 4 nerve
sheath tumor cases, accounting for 3.3%. No patient had delayed gastrointestinal bleeding or mucosal perforations.
The probability of subcutaneous emphysema and pneumothorax was 1.7%, the probability of pneumoperitoneum
was 0.8%, the probability of retrosternal pain was 10.0%, and the total incidence of CR was 14.2%. No tumor recurrence or residual phenomenon was found at the 3, 6, or 12 month follow ups after the treatment, and the patients’
satisfaction rate was as high as 98.3%. Their anxiety scores also decreased significantly over time (P < 0.001). Conclusion: Digestive endoscopy tunnel technology can effectively improve the surgical success rate of patients with
upper gastrointestinal muscularis propria tumors, reduce the probability of CR, and reduce patients’ psychological
pressure. It has significant effects in the treatment of upper gastrointestinal muscularis propria tumors and should
be widely applied in clinical practice.
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Introduction
Upper gastrointestinal tumor to the muscularis
propria is a type of submucosal tumor (SMT),
which are generally located at a deeper level.
Some of them have the possibility of malignant
transformation, and it is difficult to make an
accurate diagnosis before surgery. Therefore,
determining how to carry out a more efficient
and convenient treatment for SMT of the muscularis propria has always been a focus of pr-

actical exploration. At present, the commonlyused treatment methods for the disease clinically are follow-up observation and surgery,
both of which have their own limitations: followup observations tend to aggravate the patients’
psychological burdens, and there is the possibility of delaying the treatment timing. Surgery
is likely to cause major trauma to patients and
increase the probability of complications, so it
is unfavorable for the subsequent recovery of
patients [1-3]. In recent years, with the further
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development of endoscopic tunneling technology, peroral endoscopic myotomy (POEM) took
the lead and was widely applied. In addition,
digestive endoscopy tunneling technology can
finally be applied in the treatment of SMT in
the upper gastrointestinal muscularis propria.
Submucosal tunneling endoscopic resection
(STER) has emerged. This technique enables
a minimally invasive treatment for patients by
establishing staggered entry and exit incisions,
which can not only achieve a complete resection of SMT of the muscularis propria, but also
has the advantages of fewer complications and
a faster recovery [4-7]. In order to explore the
therapeutic effect of digestive endoscopy tunneling technology on SMT in upper gastrointestinal muscularis propria, 120 patients with related diseases admitted to our hospital in the
past two years were selected for this study. The
results are as follows.
Materials and methods
General patient information
In total, 120 SMT patients admitted to our hospital in the past two years were recruited as the
study cohort, all of whom were between 28 and
65 years old, and the cohort included 65 male
patients and 55 female patients. No significant
differences were found in the general patient
clinical data, such as age or course of the disease (P > 0.05), enabling them to serve as the
study cohort.
Inclusion criteria
The inclusion criteria were: ① Patients confirmed to have SMT of the upper gastrointestinal proper muscularis propria. ② Patients without a high risk of malignant tumors. ③ The
patients or their families signed the informed
consent form. ④ This study was approved by
our hospital’s ethics committee.
Exclusion criteria
The exclusion criteria were: ① Patients who
were pregnant or lactating. ② Patients with a
clotting disorder or other serious illness. ③
Patients with a high risk of malignant tumors.
④ Patients with mental disorders or who were
unable to communicate with the researchers.
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Methods
Surgical methods
All the patients were treated with antibiotics
before surgery, and the STER therapy was used
under general anesthesia. ① Establishment of
the tunnel entrance: The tumor was located by
placing a transparent cap (Olympus) at the front end of the gastroscope (Type 260 Gastroenteroscopy system, Japan). The mucosa at 4
cm near the mouth was injected (90 ml normal
saline, 0.9 ml epinephrine, and 2 ml indigo carmine were mixed). It was cut longitudinally
using a high-frequency electric knife for more
than 1.5 cm and was separated 0.5 cm laterally along the submucosa. ② SMT excision of
the muscularis propria: The tunnel was separated from the tunnel entrance along the submucosal layer to establish a submucosal tunnel
and expose the tumor. The intrinsic muscularis
and tissues around the tumor were separated
to ensure the integrity of the capsule, and the
tumor was completely stripped and removed. If
a gastric SMT tumor was tightly adhered to the
serous membrane and could not be removed
directly, then the serous membrane was cut
along the tumor with a Hybrid knife (ERBE Co.,
Ltd.) and the serous membrane was removed.
After removing the tumor, normal saline was
used to flush the tunnel and stop the bleeding.
The excess fluid inside was sucked out, and
several metal patches were inserted into the
mucosal layer to make the incision. The lesions
were flushed with a neutral formaldehyde solution and sent for examination to obtain the
pathological results [8-11].
Postoperative management
All the patients fasted for 1 day after the surgery. If there were no abnormalities on the second day, 4 days of liquid diet could be administered, and the transition to a normal diet could
be made gradually within 14 days. If the patient has pneumoperitoneum, then an abdominal puncture needle was used to treat the condition. The patients with pneumothoraxes were
fitted with a closed thoracic drainage flask to
facilitate lung tissue expansion. The patients
were observed to determine whether they had
other symptoms, and they received conventional antibiotics, hemostasis, or other treatment
measures [8, 12-14].
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Table 1. Comparison of the clinical data
Group
Average age
Tumor site
Esophagus
Cardia
Greater curvature of stomach antrum
Lesser curvature of stomach
Muscularis propria
Superficial layer
Deep layer
Tumor size (cm)
≤2
> 2 and ≤3.5
> 3.5

Male
40.21±5.60

Female
41.23±5.30

51
11
3
2

40
12
2
1

45
21

41
15

35
28
2

29
26
2

t/χ2
0.981
2.12

P
0.329
0.145

0.287

0.592

0.763

0.383

Post-operative follow-up

Statistical analysis

Endoscopic examinations were performed on
the patients at 3, 6, and 12 months after their
operations, and once a year thereafter, to observe the wound healing and any residual or
recurrence of the lesion tissue.

SPSS 20.0 software was used to process the
data, and GraphPad Prism 7 (GraphPad Software, San Diego, USA) was used for the image
rendering in this research. The research included enumeration and measurement data, which
were examined using X2 and t tests. P < 0.05
was considered statistically significant.

Outcome measures
① Clinical data: The information includes age,
gender, tumor location, source level, tumor size, and so on. ② Surgical condition: Including
the success rate of the surgery, the operation
time, the whole section removal rate, the postoperative hospital stay, and other information.
③ The pathological results: there were leiomyoma, stromal tumor, glomus tumor, and schwannoma cases, and their proportions were
calculated. ④ CR: The subcutaneous hematoma, pneumothorax, pneumoperitoneum, delayed gastrointestinal bleeding (DGB), poststernal pain, and mucosal perforation rates were
calculated respectively. ⑤ Postoperative follow-up: any recurrence or residual signs of the
tumors were investigated, and the treatment
satisfaction was rated. The follow-up times were 3, 6, and 12 months after the operations. ⑥
Anxiety scores: The calculated anxiety scores
ranged from 0 points to 100 points, and the
higher the score was, the more anxious the
patient was. The times the anxiety scores were
determined were before and after the operations, and the investigation times after the
operation were the same as the follow-up
times.
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Results
Clinical data
A total of 122 tumors were removed from 120
patients, including 1 patient with a tumor in the
esophagus and the cardia, 1 patient with a
tumor in the greater curvature of the gastric
antrum and the cardia. The largest tumor had a
diameter of 4.2 cm, and the average size was
(2.01±1.56) cm. There was no significant difference in the patients’ general clinical data (P >
0.05). See Table 1.
Surgical conditions
All the patients successfully completed the
operations, and the operation times ranged
from 26 to 158 min, and the whole block
removal rate was 95.8% (115/120). The postoperative hospital stays were up to 5 days. See
Table 2.
Pathological results
In total, 72 leiomyomas, 44 stromal tumors,
and 6 glomus tumors and neurilemmoma were
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Table 2. Comparison of the patients’ operations
Female
χ2
(n=55)
Operation Success Rate (%)
100 (65/65) 100 (55/55) < 0.001
Duration (min)
64.00±2.30 63.90±2.50 0.218
whole block removal rate (%) 95.4 (62/65) 96.4 (53/55) 0.072
postoperative hospital stay (d) 3.81±0.20
3.79±0.30
0.411
Group

Male (n=65)

P
1.000
0.828
0.789
0.681

confirmed by routine pathological diagnosis in the
122 samples. See Figure
1.
CR

The incidence of delayed gastrointestinal bleeding and mucosal perforation was 0.0%. The incidence of subcutaneous
emphysema and pneumothorax was 1.7%. The
incidence of pneumoperitoneum was 0.8%,
and the incidence of retrosternal pain was
10.0%. The total CR was 14.2%. See Figure 2.
Post-operation follow-up
In the follow-ups at 3 months, 6 months, and
12 months, no recurrence or residuals were
found. The treatment satisfaction rate was as
high as 98.3%. See Table 3.

Figure 1. Analysis of the patients’ pathological results. Note: In Figure 1, the gray area represents leiomyomas, the green area represents stromal tumors,
the yellow area represents glomus tumors, and the
orange area represents nerve sheath tumors. There
were 72 leiomyomas, accounting for 59.0%, 44 stromal tumors (36.1%), 2 glomus tumors (1.6%), and 4
nerve sheath tumors (3.3%).

Anxiety scores
Before the treatment, and at 3 months after
the treatment, 6 months after the treatment,
and 12 months after the treatment, the anxiety scores were (80.21±11.29), (75.21±12.45),
(58.33±14.19) and (21.52±13.33), respectively. The anxiety scores of the 120 patients were
significantly decreased with time (P < 0.001).
See Figure 3.
Discussion

Figure 2. Comparison of the CR data. Note: Figure
2 shows subcutaneous emphysema, pneumothorax,
pneumoperitoneum, delayed gastrointestinal bleeding, retrosternal pain, mucosal perforations, and the
total cases from left to right on the horizontal axis.
There were 2 cases of subcutaneous emphysema, 2
cases of pneumothorax, 1 case of pneumoperitoneum, 0 cases of delayed gastrointestinal hemorrhage
and mucosal perforation, and 12 cases of retrosternal pain.
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SMT of the upper gastrointestinal proper muscle-layer mainly consists of leiomyoma, stromal
tumors, and schwannoma. With the continuous upgrading of endoscopic techniques, the
detection rate of SMT has been increasing
yearly, and it has become a common disease
affecting human life. At present, the common
treatment for this disease mainly includes follow-up observations and surgical resection. A
part of the intrinsic muscle layer, SMT has the
possibility of malignant transformation, and the
follow-up observations are likely to delay the
disease and aggravate the patients’ psychological burdens, so surgical resection has become the preferred treatment. Surgical resection can also be divided into surgical operations and endoscopic treatment, among which
surgical operation has the inherent disadvantages of greater trauma, and it can easily increase the incidence of complications in paAm J Transl Res 2021;13(9):10663-10669
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Table 3. Patients with tumor recurrences and residuals and the treatment satisfaction
Group
Recurrence
Yes
No
Residual
Yes
No
Treatment satisfaction
Very satisfied
Satisfied
Dissatisfied

Cases

Ratio
(%)

0
120

0.0
100.0

0
120

0.0
100.0

82
36
2

68.3
30.0
1.7

χ2

224.267 < 0.001

Figure 3. Comparison of the anxiety scores before
and after STER. Note: In Figure 3, from left to right,
the horizontal axis represents before the treatment,
3 months after the treatment, 6 months after the
treatment, and 12 months after the treatment. The
anxiety scores were (80.21±11.29), (75.21±12.45),
(58.33±14.19) and (21.52±13.33) before the treatment, 3 months after the treatment, 6 months after
the treatment, and 12 months after the treatment. *
indicates P < 0.001.

tients and is unfavorable to their postoperative recovery. Therefore, it is vital to expand the
exploration and practice of endoscopic treatment as it has less trauma in clinical practice
[15-18]. After Inone et al. applied POEM to
achalasia of the esophagus and cardia, endoscopic tunneling technology has obtained practical experience in the field of upper gastrointestinal proper muscularis disease, and then
STER technology for SMT treatment of upper
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gastrointestinal proper muscularis emerged. This treatment method not only has the
advantages of fewer complications and a
faster recovery, it can also reduce the psychological burdens of cancer patients, so it
is extremely beneficial for the SMT treatment of the upper digestibility intrinsic muscle layer [19-21]. Although it was generally
believed that STER is limited to treating tumors with a maximum diameter of 3.5 cm,
four tumors with diameters of more than 3.5
cm were successfully removed in this study,
proving that this technique has a broader
application.
In addition, among the 122 tumors resected
in this study, the maximum diameter was 4.2
cm, and the average diameter was (2.01±1.56)
cm. A total of 86 tumors were located in the
superficial layer of the musculus propria. At the
follow-ups of 3, 6, and 12 months after the
treatment, no tumor recurrence or residual was
found in the patients, and the treatment satisfaction rate was as high as 98.3%. The anxiety
scores also decreased significantly over time (P
< 0.001). The above data show that STER has a
good effect in treating SMT in the upper gastrointestinal muscularis propria and has a low incidence of complications and brings a significant
reduction in the patients’ psychological burdens. However, Zaheer Nabi et al. [22] calculated the overall resection rate, the incidence
of adverse events, and the recurrence probability of patients who underwent STER therapy for
muscularis propria tumors over 1.0 cm in the
upper digestive tract, and they concluded that
the overall resection rate was 97.7%, the incidence of adverse events was 15.9%, and the
recurrence rate was 0.0%. The results of this
study are consistent with the results obtained
in this paper. It was confirmed that digestive
endoscopy tunneling technology is effective for
the SMT treatment of upper gastrointestinal
musculus propria.
To sum up, the digestive endoscopic tunneling
technique represented by STER has a significant effect in treating SMT musculus propria
tumors of the upper digestive tract and should
be widely applied in clinical practice.
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