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Abstract
AIM: To evaluate the efficacy, safety and feasibility of 
endoscopic full-thickness resection (EFR) for the treat-
ment of gastric submucosal tumors (SMTs) arising from 
the muscularis propria.

METHODS: A total of 35 gastric SMTs arising from the 
muscularis propria layer were resected by EFR between 
January 2010 and September 2013. EFR consists of five 
major steps: injecting normal saline into the submu-
cosa; pre-cutting the mucosal and submucosal layers 
around the lesion; making a circumferential incision as 
deep as the muscularis propria around the lesion using 
endoscopic submucosal dissection and an incision into 
the serosal layer around the lesion with a Hook knife; 
a full-thickness resection of the tumor, including the 
serosal layer with a Hook or IT knife; and closing the 
gastric wall with metallic clips.

RESULTS: Of the 35 gastric SMTs, 14 were located 
at the fundus, and 21 at the corpus. EFR removed all 
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of the SMTs successfully, and the complete resection 
rate was 100%. The mean operation time was 90 min 
(60-155 min), the mean hospitalization time was 6.0 d 
(4-10 d), and the mean tumor size was 2.8 cm (2.0-4.5 
cm). Pathological examination confirmed the presence 
of gastric stromal tumors in 25 patients, leiomyomas in 
7 and gastric autonomous nerve tumors in 2. No gas-
tric bleeding, peritonitis or abdominal abscess occurred 
after EFR. Postoperative contrast roentgenography on 
the third day detected no contrast extravasation into 
the abdominal cavity. The mean follow-up period was 6 
mo, with no lesion residue or recurrence noted.

CONCLUSION: EFR is efficacious, safe and minimally 
invasive for patients with gastric SMTs arising from the 
muscularis propria layer. This technique is able to resect 
deep gastric lesions while providing precise pathological 
information about the lesion. With the development of 
EFR, the indications of endoscopic resection might be 
extended.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We used endoscopic full-thickness resection 
(EFR) to remove gastric submucosal tumors (SMTs) 
arising from muscularis propria layer. EFR removed all 
the 35 SMTs successfully. The mean operation time 
was 90 min (60-155 min). The mean hospitalization 
time was 6.0 d (4-10 d). The mean tumor size was 2.8 
cm (2.0-4.5 cm). Pathological examination confirmed 
gastric stromal tumors in 25 cases, leiomyoma in 7 and 
Schwannomas in 2. No gastric bleeding, peritonitis or 
abdominal abscess occurred. EFR is efficacious, safe 
and minimally invasive for patients with gastric SMTs 
arising from the muscularis propria layer, is able to re-
sect deep gastric lesion and provide precise pathologi-
cal information about the lesion.
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INTRODUCTION
Perforation is the main complication of  endoscopic 
resections, and concerns about perforation have largely 
limited endoscopic resection treatments to the mucosal 
and submucosal layers. In an attempt to extend the ap-
plicability of  endoscopic resections, the technique of  
endoscopic submucosal dissection (ESD) was recently 
developed for use on large, flat lesions at the mucosal 
layer[1-3]. With the development of  and accumulated expe-
rience with ESD, gastric submucosal tumors (SMTs) can 
be excavated by a method called endoscopic submucosal 
excavation (ESE)[4-6]. In recent years, based on the prac-
tices of  ESD and ESE, we have achieved good efficiency 
using endoscopic full-thickness resection (EFR) to treat 
gastric SMTs arising from the muscularis propria layer.

MATERIALS AND METHODS
Clinical data 
We retrospectively analyzed 35 patients with gastric SMTs 
arising from the muscularis propria layer. All of  the pa-
tients were diagnosed by endoscopic ultrasound and con-
trast-enhanced CT at the Yantai Yu Huang Ding Hospital 
Affiliated to the Medical College of  Qingdao University, 
China, between January 2010 and September 2013. The 
35 patients consisted of  24 males and 11 females, ranged 
in age between 24 and 67 years, and had a mean age of  
41.3 years. Twenty-one tumors were present in the cor-
pus, and 14 in the fundus. All patients had a single tumor, 
and none had any metastasis on computed tomography 
(CT) examination. Before EFR, all of  the patients un-
derwent routine blood tests for coagulation enzymes and 
liver and kidney function, as well as electrocardiography, 
abdominal CT scan, and other tests. All patients and their 
families were informed of  the benefits and risks of  EFR 
and provided written informed consent. 

Instruments
The instruments used included an Olympus GIF-Q260J 
gastroscope (Olympus, Japan), a D-201-11304 trans-
parent cap (Olympus, Japan), a KD-1L-1 needle knife 
(Olympus, Japan), a KD-611L IT knife (Olympus, Japan), 
a KD-620LR hook knife (Olympus, Japan), an NM-
200L-0525 injection needle (Olympus, Japan), AS-1-S 
and ASJ-1-S snares (Cook Company, United States), an 
FD-410LR hot biopsy forceps (Olympus), an HX-610-90 
(Olympus, Japan), an HX-600-135 (Olympus, Japan), a 
Boston Resolution hemostat (Boston Company, United 
States), an ERBE VIO 200S high-frequency electrosurgi-

cal unit and ERBE APC2 argon plasma coagulator (Erbe 
Company, Germany), an Olympus OEV191H laparo-
scope (Olympus, Japan), and an SBQ 80 HY linear sta-
pler (Johnson and Johnson, United States). 

EFR method
Before EFR, a transparent cap was mounted on the end 
of  the gastroscope. Following intravenous anesthesia with 
propofol, argon plasma coagulation was used to mark 
the edge of  the stromal tumor. The marked submucosal 
positions were each injected with 2-3 mL of  a solution 
containing 2-3 mL indigo carmine, 1 mL epinephrine, 
and 100 mL saline. A hook knife was used to precut the 
surrounding mucosa and submucosa along the marked 
points and thus expose the stromal tumor. A hook knife 
or IT knife was used to isolate the tumor body along the 
capsule from the muscularis propria down to the serosal 
layer. The serosa was cut along the edge of  the tumor; in 
most cases, the serosa was tightly adherent to the tumor 
body, making it impossible to remove the tumor directly 
using an IT knife. Therefore, a needle knife or hook knife 
was used to penetrate the serosa, resulting in an “artificial 
perforation”. The liquid in the gastric cavity was fully 
absorbed, and an IT or hook knife was used to cut the 
serosa along the edge of  the tumor, removing the tumor 
completely. When a perforation was encountered, the 
operator had to use an IT knife carefully to avoid injuries 
to the surrounding organs, such as the transverse colon 
and pancreas. Under endoscopic guidance, the incisions 
on the gastric body from the two ends to the middle 
were fully closed with titanium clips, and the gastric 
wound was sealed. For wounds that were too large to seal 
directly, negative pressure was applied to suck the omen-
tum into the gastric cavity, and titanium clips were used 
to seal the wound by clipping the omentum to the gastric 
mucosa (Figure 1). 

Sample processing
Resected samples were fixed with neutral formalin and 
sent for pathological examination; the samples were im-
munohistochemically stained for CD34, CD117, Dog-1, 
S-100, and SMA[7-10].

Postoperative treatment
Patients with an artificial perforation and significant 
pneumoperitoneum were submitted to a puncture of  the 
right upper quadrant of  the abdomen with an abdominal 
puncture needle to reduce bloating during or after sur-
gery. After surgery, these patients were placed in a semi-
supine position. Drinking and eating were forbidden, 
and gastrointestinal decompression was applied. The 
patients were closely monitored to determine whether 
any abdominal pain, bloating, or peritoneal irritation was 
present. Proton pump inhibitors and antibiotics were 
administered postoperatively to prevent abdominal infec-
tion. Three days after the surgery, oral diatrizoate was 
administered to determine whether any contrast agent 
extravasation or gastric motility was present. In addition, 
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an ultrasound examination was performed to determine 
whether effusions could be found in the abdominal or 
pelvic cavity. One month after the surgery, an endoscopic 
examination was performed to observe wound healing 
and to determine whether any residual or recurrent tu-
mors were present. All of  the patients were followed for 
6 mo after EFR.

Statistical analysis
Data are expressed as mean ± SD. The SPSS for Win-
dows Version 17.0 software was used for all statistical 
analyses.

RESULTS
Complete resection rate and operative time
All 35 gastric SMTs arising from the muscularis propria 
layer were removed successfully by EFR in a single opera-
tion, and “artificial gastric perforation” was performed. 

The complete resection rate was 100%. All perforation 
wounds were sealed with titanium clips. The operative time 
ranged from 60 to 155 min, with a mean of  90 ± 17 min. 

Hospital stay
The duration of  hospitalization ranged from 4 to 10 d, 
with a mean of  6.0 ± 1.8 d.

Number of titanium clips used
To completely close the perforation, between 6 and 25 
titanium clips, with a mean of  12 clips, were used. In 8 
cases, some of  the normal mucosa at the periphery was 
also sutured to reduce the wound size so that the remain-
ing perforation could be closed with clips.

Number of patients requiring puncturing to resolve 
pneumoperitoneum
In total, 5 patients had serious pneumoperitoneum that 
required puncturing for its resolution.
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Figure 1  Endoscopic full-thickness resection of gastric stromal tumors arising from the muscularis propria. A: A protruding submucosal lesion in the gastric 
corpus; B: Endoscopic ultrasound showing that the lesion arose from the muscularis propria; C: Submucosal injection of saline containing adrenaline and indigo car-
mine; D: Application of the IT knife to isolate the stromal tumor along its periphery; E: An “artificial perforation” was observed after stromal tumor resection and was 
sealed using titanium clips; F: Sealing of a perforation with multiple titanium clips; G: Resected tumor after the mucosa was removed (4.5 cm in diameter); H: View 9 d 
after operation, showing that the perforation healed well; I: View 72 d after the operation, showing that the perforation healed well, with only ulcer residues remaining.
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within deeper layers, especially those tumors that do not 
grow within cavities. Endoscopic resection can easily lead 
to perforation, and the tumor excision is often not com-
plete. Hence, stromal tumors arising from the muscularis 
propria are often considered a contraindication for en-
doscopic resection and are therefore removed surgically 
or laparoscopically, especially when they are larger than 2 
cm in diameter[19,20]. In recent years, based on endoscopic 
submucosal dissections and endoscopic submucosal 
excavations, and on improvements in the application of  
titanium clips during endoscopy and nylon purse-string 
suture techniques, the EFR treatment of  gastrointestinal 
tumors arising from the muscularis propria has become 
possible. 

We found that artificial perforation was necessary 
in all 35 patients with stromal tumors who were treated 
by EFR. Titanium clips were used to seal the wound, 
abdominal puncturing was applied to relieve intra-
abdominal pressure, and conservative methods were 
followed for postoperative care. The key to preventing 
complications was the proper use of  titanium clips to 
seal the wounds under endoscopy. Based on our experi-
ence, wounds from large perforations should be sutured 
from both ends toward the middle; in some cases, normal 
mucosa at the periphery may require suturing to reduce 
the wound size. Successful treatment using EFR required 
a successful repair of  the perforation that could avoid 
the need for additional surgical repair and postopera-
tive peritonitis[21,22]. The most common method used to 
repair perforations required titanium clips[23,24]. For small 
perforations, one or a few titanium clips would be suf-
ficient. For larger perforations, the limited spans of  the 
titanium clips would require the air in the gastric lumen 
to be sucked out to narrow the perforation as much as 
possible before the application of  multiple titanium clips. 
If  the perforation is too large for the direct application 
of  titanium clips, an omental patch technique is used[25]. 
In this method, negative pressure is continuously applied 
to suck the air from the gastric lumen until the adipose 
tissue outside the gastric wall covers the perforation, 
followed by the application of  the titanium clips. In ad-
dition, a nylon string-purse suture technique can be used 
to suture overly large perforations. During EFR, per-
forations will cause pneumoperitoneum, which blocks 
the operative field in the stomach, making endoscopic 
operations difficult. Thus, during EFR, abdominal palpa-
tion should be performed repeatedly. If  the abdominal 
pressure increases, timely exhaustion should be applied. 
The puncture site should be located in the right lower 
quadrant of  the abdomen, and a 20 mL injection needle 
may be used as the puncture needle. After puncturing, 
the abdomen should be manipulated to exhaust the air, 
and the puncture needle should be positioned at the 
puncture site until the wounds are completely sealed and 
the pneumoperitoneum has significantly improved. The 
puncture needle should be extracted after confirming 
that no air continues to flow through it. Other key ele-
ments for successful EFR treatment include avoiding the 

Maximum diameter of the resected tumors
The maximum diameter of  the resected tumors ranged 
from 2.0-4.5 cm, with a mean of  2.8 cm. The maximum 
size of  the resected specimens was 4.5 cm. The operation 
demanded that the specimen be cut into several pieces 
in the stomach so that it could be pulled out through the 
esophagus.

Postoperative pathology 
The pathological examination confirmed gastric stromal 
tumors in 25 cases, leiomyomas in 7 and gastric autono-
mous nerve tumors in 2. 

Complications
Upper gastroenterography with meglumine diatrizoate 3 
d after the operation showed no leakage of  the contrast 
agent in any patient. Postoperative reexamination showed 
good wound healing. There were no complications, such 
as bleeding, signs of  peritonitis, and/or abdominal ab-
scesses, in any patient. 

Post-procedure morbidity
All patients recovered well, and the morbidity was zero.

Recurrence or residual rate 
During the 6-mo follow-up after the EFR, no residual or 
recurrent tumors were observed.

DISCUSSION
Most gastric SMTs grow expansively in the gastric wall. 
Because lymph node metastasis occurred rarely, resection 
with a laparoscope was often used[11-13]. Although resec-
tion with a laparoscope is simple, without the assistance 
of  a gastroscope, the resected range cannot easily be 
determined, resulting in frequent resection of  normal 
gastric tissue. For lesions at the esophagus-stomach con-
junction or pyloric ring, operating the laparoscope proved 
difficult. Large gastric SMTs growing in the gastric cavity 
could not be observed from the serosa[14,15].

Although endoscopic snares and ligation are widely 
used in the clinic, the snare can be easily detached, mak-
ing it difficult to resect the lesion completely. Meanwhile, 
the rate of  complications due to residual tumors, bleed-
ing and perforation was high. The rate of  complications 
due to perforation and bleeding was high using the liga-
tion method. At the same time, certain lesions were dif-
ficult to ligate, and the results of  the pathologic diagnosis 
could not be obtained with the ligation method[16,17].

Gastric stromal tumors arising from muscularis pro-
pria layer are the most common type of  gastric SMTs. 
Because of  their potential malignant tendencies, the 
resection of  gastric stromal tumors is recommended[18]. 
Because gastric stromal tumors arising from the muscu-
laris mucosa are located superficially, their endoscopic 
resection or ligation is not difficult; these procedures are 
often performed in clinical practice. However, stromal 
tumors arising from the muscularis propria are located 
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introduction of  excessive gastric acid into the abdominal 
cavity, thereby preventing postoperative infection; hemo-
stasis to avoid repeated rinsing during the excision[26]; the 
complete removal of  gas and fluid from the gastric lu-
men prior to incision of  the serosa; continuous effective 
gastrointestinal decompression postoperatively; and the 
administration of  proton pump inhibitors and antibiotics 
postoperatively to prevent abdominal infection. None of  
the patients in our EFR group experienced peritonitis or 
intra-abdominal abscesses. 

We found that the complete resection rate in our EFR 
group was 100%, with no recurrent or residual tumors. 
One advantage of  EFR is its accurate localization of  the 
tumor. Without the assistance of  the gastroscope, it can 
be difficult during laparoscopic surgery to determine 
the extent of  the excision; thus, excess normal gastric 
tissue is removed. In patients with giant stromal tumors 
protruding into the gastric lumen, it is difficult for the 
laparoscope to distinguish the tumor from the serosal 
layer or to pull and remove the tumor body. Therefore, 
gastroscope-assisted laparoscopic EFR may be favorable 
for treating patients with gastric stromal tumors arising 
from the muscularis propria. 

EFR was performed under general anesthesia. The 
total cost of  this procedure was less than that of  LECS 
(laparoscopy and endoscopy cooperative surgery).

In conclusion, EFR can completely remove gastric 
SMTs arising from the muscularis propria. This technique 
can replace certain surgical and laparoscopic procedures, 
and its application should be recommended. 

Because the present follow-up period is relatively 
short (6 mo), we will follow the patients over the next 5 
years to observe any iatrogenic peritoneal seeding after 
EFR.
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