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INTRODUCTION
Because gastric submucosal tumors (SMTs) have a potential 

for malignancy, and it is difficult to obtain histological 
confirmation through a preoperative biopsy, surgical resection 
is their main treatment [1]. Local tumor resection with negative 
surgical margins has become accepted as standard treatment 
because of the rarity of lymph node metastasis with these 
lesions. Laparoscopic gastric wedge resection is commonly 
used for treating gastric SMTs, but operative methods have 

varied depending on the location and size of the lesion [2,3]. 
In the past, open gastrectomy was generally performed in 
patients with gastric SMT, but recent advances in surgical 
skills and instruments have led to important innovations 
in laparoscopy. Interest in minimally invasive surgery has 
increased, and many surgeons are attempting laparoscopic 
approaches [4,5]. Identifying the location of lesions during 
laparoscopy is problematic, however, unlike with open surgery 
where simple tactile sense can be used. This is especially true 
for small endophytic gastric SMTs, for which intraoperative 
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esophagogastroduodenoscopy (EGD) is frequently required 
because of the difficulty of determining adequate surgical 
margins.

Conventional laparoscopic exogastric wedge resection has 
several disadvantages in that a large amount of stomach must 
be resected, including normal gastric tissue. Several intragastric 
studies to identify and resect these tumors under direct 
visualization for EGD or laparoscopy have been reported, but 
they have not been widely used. There are only rare reports 
of laparoscopic intragastric tumor resection through a single 
incision. Here, we review our experiences with single-incision 
intragastric resection of gastric SMTs. We describe the outcomes 
and some characteristic findings.

METHODS

Patients
This study was designed with single-arm, retrospective, 

case-series study. From January 2010 to December 2013, a 
total of 21 consecutive patients with gastric SMTs underwent 
single-incision intragastric resection in the Department of 
Surgery, Pusan National University Hospital. All patients were 
diagnosed with gastric SMTs based on preoperative endoscopic 
ultrasonography results. In each case, the location and type of 
tumor was confirmed with abdominal computed tomography. 
A single experienced surgeon skilled in laparoscopic gastric 
resection performed all the operations. The sex, age, hospital 
stay, comorbidities, body mass index (BMI), American Society 
of Anesthesiologists (ASA) score, tumor location, operating 
time, postoperative complications, and clinicopathologic data 
were analyzed. Variables were collected retrospectively and 
were reviewed with regard to the patients’ demographics, 
perioperative data, clinicopathological data, and postoperative 

course. Cases that met any of the following criteria were 
excluded: (1) tumor size > 5 cm; (2) exophytic or dumbbell-
type growth pattern; (3) tumor located in the lower third of the 
stomach including the angle.

Surgical procedure
Under general anesthesia, the patient was placed in the supine 

position. The operator was on the right side of the patient. A split 
leg position was used for the first assistant to stand between 
the patient’s legs. After making a vertical, approximately 3-cm 
umbilical incision with unwrinkling of the natural fold (Fig. 
1), we applied a 6-cm diameter Alexis wound retractor (extra 
small; Applied Medical, Rancho Santa Margarita, CA, USA) to 
the umbilical incision. We identified the location of the stomach 
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Fig. 1. Umbilical incision.

Fig. 2. (A) Gastric incision after inserting first wound retractor. (B) Pulling the stomach down by grasping with Babcock forcep. 
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and made a 3-cm incision to the lower body, greater curvature 
side (Fig. 2A). A second Alexis wound retractor was applied to 
this gastrostomy. Because the stomach is mostly in an upward 
position from umbilicus, we incised it by pulling down on it, 
with the stomach being grasped with a Babcock forceps (Fig. 2B). 
After a surgical glove was applied to the second Alexis wound 

retractor, a 12-mm port and two 5-mm ports were inserted 
through first, third, and fourth fingers of the glove (Fig. 3). A 
direct gaseous inflation of the stomach was performed using a 
carbon dioxide pressure of up to 12 mmHg. Rigid laparoscopes 
of 5 mm, 30 cm, and 30o were used for the operation. The tumor 
was resected with a 45-mm laparoscopic linear stapler (Endo-GIA, 
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Fig. 3. (A) Single port with glove, 
trocar, and wound retractor. 
(B) Illustration of single port 
application.
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Fig. 4. (A) Endophytic mass was located at the apex of the fundus of the stomach. (B) Laparoscopic linear stapler was applied 
to the tumor. Tagging sutures were applied to pull up the tumor. (C) Remaining mass was resected with the second laparoscopic 
linear stapler. This procedure can be performed more easily through proper articulation of the stapler and tumor traction. (D) 
Resection line is observed. Bleeding control can be performed with sutures or electrocautery.
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Covidien, Elancourt, France) (Fig. 4A−C). We checked for any 
bleeding along the staple line. Active bleeding was controlled by 
electrocautery or metal clipping (Fig. 4D). The resected specimen 
was extracted through the umbilical incision. After removing 
the second Alexis wound retractor, the gastrostomy was closed 
with continuous absorbable monofilament suture material or 
with a 100-mm linear stapler (GIA, Covidien). We then removed 
the first Alexis wound retractor and closed the peritoneum, 
fascia, and skin layer by layer.

RESULTS

Patient demographics
The patients consisted of nine men and 12 women with a 

mean age of 51.9 ± 12.9 years (22−69 years) and mean BMI of 
22.6 ± 2.0 kg/m2. Comorbidities were as follows: hypertension 
in five, diabetes mellitus in three, asthma in one, ureteral 
stricture in one, old tuberculosis in one. The ASA scores were 
all <2. 

Clinicopathologic data
The mean tumor size was 2.4 ± 0.7 cm. The anatomic 

distribution of the tumors were as follows: three were in the 
esophagogastric junction, Thirteen in the fundus, three in the 
upper body, and two in the lower body (Fig. 5). Sixteen of the 
tumors were diagnosed as gastrointestinal stromal tumors 

(GISTs). According to the US National Institutes of Health 
classification for risk of malignant potential, one was very low 
risk, three was low risk, seven were intermediate risk, and five 
were high risk. In addition, according to the American Joint 
Committee on Cancer (AJCC), four were classified as stage IA, 
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Fig. 5. Distribution of submucosal tumors in various portions 
of the stomach. The number in each circle indicates the 
frequency. EGJ, esophagogastric junction; UB, upper body; 
LC, lesser curvature; PW, posterior wall; LB, lower body; E, 
esophagus; S, stomach; D, duodenum.

Table 1. Patient demographics and clinicophathologic data (all patients)

Case Sex Age (yr) BMI (kg/m2) Location Size (cm) Histology NIH classification AJCC stage

1 F 36 21.2 EGJ 3.0 Leiomyoma N/A N/A
2 F 22 22.8 UB/LC 1.1 Inflammatory fibroid polyp N/A N/A
3 M 53 23.7 Fundus 2.3 GIST Intermediate II
4 F 36 19.2 Fundus 1.8 GIST High II
5 M 64 21.9 UB/PW 2.5 GIST Very low IA
6 M 58 23.5 UB/PW 2.0 GIST High IIIB
7 F 56 19.3 Fundus 3.0 GIST High II
8 F 26 23.3 EGJ 2.4 Leiomyoma N/A N/A
9 F 52 22.9 Fundus 2.6 GIST Low IA
10 M 63 21.2 Fundus 2.1 GIST Intermediate II
11 F 42 25.2 Fundus 4.4 GIST Intermediate II
12 F 59 24.6 LB/LC 1.0 Chronic inflammation N/A N/A
13 F 60 19.1 Fundus 2.5 GIST Intermediate II
14 M 61 26.7 LB/PW 1.8 Schwannoma N/A N/A
15 M 57 22.8 EGJ 2.3 GIST High II
16 F 45 25.3 Fundus 2.2 GIST Intermediate II
17 F 69 22.8 Fundus 3.4 GIST Low IA
18 M 64 23.6 Fundus 2.2 GIST Intermediate II
19 M 47 21.1 Fundus 2.5 GIST Low IA
20 M 60 21.5 Fundus 3.2 GIST Intermediate II
21 F 58 23.2 Fundus 2.7 GIST High II

BMI, body mass index; NIH, National Institute of Health; AJCC, American Joint Committee on Cancer; EGJ, esophagogastric junction; 
N/A, not applicable; UB, upper body; LC, lesser curvature; PW, posterior wall; LB, lower body; GIST, gastrointestinal stromal tumor.
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one as stage IB, ten as stage II, and one as stage IIIB. Patient 
demographics and clinicopathologic data of each case are 
presented in Table 1.

Perioperative data
The mean operating time was 68.6 ± 12.0 minutes. There 

were no conversions to open surgery or major intraoperative 
complications. The mean time to resumption of water intake 
was 1.4 ± 0.5 days. The mean hospital length of stay was 
4.9 ± 1.7 days. Postoperative intragastric bleeding occurred in 
two patients, who underwent endoscopy and were each given a 
blood transfusion. There were no recurrences or deaths during 
the mean 19-month follow-up period (Table 2).

DISCUSSION
Gastric SMTs account for about 2% of all neoplasms of the 

stomach. They arise from the submucosa or muscle propria 
layer of the gastric wall [6]. Gastric SMTs are classified as 
myogenic tumors (e.g., leiomyoma, leiomyosarcoma), neurogenic 
tumors (e.g., schwannomas, neurofibromas), or GISTs, the 
latter being most common [7]. Because of less invasiveness 
and the rarity of regional lymph node metastases, lymph node 
dissection is unnecessary. Thus, local resection with negative 
margins is recommended as appropriate treatment [8].

Although conventionally open laparotomy has been 
performed as standard treatment for gastric SMTs, recent 
improvements in laparoscopic surgical skills and instruments 
have allowed expansion of the surgical options [4,5]. De 
Vogelaere et al. [8] reported that laparoscopic surgery was 
feasible for gastrointestinal tumors > 2 cm. In a large-scale 
study, Novitsky et al. [9] demonstrated that the laparoscopic 
approach produced good surgical results and a long-term 
disease-free survival of 92% in patients with variously sized 

tumors (1.0−8.5 cm).
Laparoscopic gastric wedge resection has been recommended 

as effective, safe treatment of gastric SMTs, although the 
surgical approach varied according to the growth type and the 
location of the tumor [2]. Especially in the case of endophytic 
gastric SMT, it is not easy to determine an adequate resection 
margin because of the difficulty of confirming the tumor’s 
location. When an endophytic gastric SMT is located on the 
cardia or prepylorus, partial or total gastrectomy might be 
needed because complications such as stricture may occur after 
gastric wedge resection. In such cases, an additional procedure 
to create an anastomosis might be required to maintain the 
continuity of the gastric route. Also, when the endophytic 
gastric SMT is located on the posterior wall, extended 
dissection may be necessary to obtain a good operative view. 
Conventional exogastric wedge resection in these patients 
requires massive resection of normal gastric tissue [3]. Sasaki 
et al. [2] noted the need for tailored gastric resections based on 
the varying tumor characteristics of SMTs.

Song et al. [10] and Huguet et al. [11] suggested a transgastric 
approach as an alternative method for these endophytic 
tumors. It is novel technique that can preserve normal gastric 
tissue with a safe resection margin and can identify the 
tumor location under a direct laparoscopic view. However, the 
procedure requires incision of the stomach, which can give rise 
to contamination by gastric juice or tumor dissemination into 
the peritoneal cavity. Also, intraoperative EGD is often required 
to confirm the exact location of the gastrostomy.

The intragastric approach we have described has several 
advantages over the transgastric approach. Although the 
tumor is small, our method facilitates exact, minimum gastric 
resection because the operator can readily identify the tumor’s 
location. Also, the risk of intra-abdominal tumor seeding is 
relatively low because peritoneal spillage of gastric contents 
rarely occurs during the operation.

Various methods of intragastric wedge resection have been 
reported. Tagaya et al. [12] introduced an intragastric approach 
during which the stomach is inflated by airflow via oral 
endoscopy. After elevating the gastric anterior wall using a 
double straight needle device, two or three laparoscopic ports 
were placed in the stomach. Intragastric resection was then 
performed under endoscopic view with endoscopic linear 
staplers. Specimens were retrieved through the oral route. Li et 
al. [13] reported a similar intragastric approach. They inserted 
two 5-mm trocars and a 12-mm trocar into the stomach. Then, 
without intraoperative EGD, they resected the tumor through 
the laparoscopic view. Retrieved tissues were extracted through 
the 12-mm trocar. Privette et al. [3] and Sahm et al. [14] also 
reported a hybrid operation to resect the tumor after inserting a 
trocar into the stomach under an endoscopic view.

In the present study, we performed intragastric resection of 

Table 2. Perioperative data

Variable Value

Operative time (min) 68.6 ± 12.0
Intraoperative complication 0
Open conversion 0
Used staple number 2.2 ± 0.9
Diet start (SOW, day) 1.4 ± 0.5
Hospital stay (day) 4.9 ± 1.7
Postoperative complication
   Staple line bleedinga) 2
Follow-up period (mo) 19
Local recurrence 0
Mortality 0

Values are presented as mean±standard deviation or number.
SOW, sips of water.
a)All cases were given a transfusion.
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the endophytic mass located on the upper and mid portion of 
the stomach through a single umbilical hole without multiple 
gastric entry holes. The gastrostomy can be easily extended 
using the wound retractor. Thus, the resected specimen was 
extracted more safely and easily than when using other in-
tragastric approaches in which the resected specimen was re-
moved via the oral route or through a 12-mm laparoscopic trocar. 

Recently, laparoscopic and endoscopic cooperative surgery 
(LECS) has been accepted as a good treatment choice for gastric 
SMTs. This technique was also introduced by Tsujimoto et al. [15] 
as a hybrid operation using endoscopic submucosal dissection 
and laparoscopic resection. It is obvious that LECS has several 
advantages in terms of exact identification of the tumor location 
and facilitating the minimum gastric resection. But LECS needs 
an experienced endoscopist and takes longer operative time 
(157.0 ± 68.4 minutes) than our intragastric approach.

We could perform meticulous resection without intra-
operative EGD under the good laparoscopic view, preserving 
normal gastric tissue like LECS. This simplicity−avoiding 
intraoperative EGD and closing the single gastrostomy without 
additional trocars−helps decrease the operating time. Also, 
the small skin incision provides a better cosmetic effect by 
maintaining the natural fold of the umbilicus.

The mean operating time was 68.6 ± 12.0 minutes, which 
is not significantly different from that required for our open 
gastric wedge resection, reported elsewhere (62.7 ± 14.0 
minutes) [16]. It is also acceptable result compared to other 
conventional exogastric wedge resection. In an analysis of the 
operating time for the individual cases, we were unable to 
confirm a significant correlation of the surgeon’s experience 
with the length of the operation, which ranged between 
approximately 40 and 80 minutes. This finding indicates that 
our intragastric resection is an accessible technique that can be 
performed without a learning curve if the operator has some 
experience with laparoscopic surgery.

The pathology reports showed that the tumors were GISTs 
in sixteen cases, leiomyomas in two, schwannoma in one and 
others in two. There were no recurrences during the mean 
19-month follow-up period. However, long-term follow-up is 
needed to confirm disease progress because the patient data 
did include some high-risk tumors according to the National 
Institute of Health classification and stage IIIB tumors according 
to AJCC staging. 

Postoperative intragastric bleeding occurred in two patients, 
who recovered after preventive blood transfusion with no 
other specific intervention. Lesser and greater curvature of 
stomach have high vascularity which can lead to postoperative 
bleeding, however, the all bleeding complications in our study 
occurred on fundus during the early operative period. Although 
postoperative intragastric bleeding may be often minor 
complication not to progress to fatal course, if it is concerned, 

hemostasis with electrocautery, metal clipping or suture on 
resection line is enough to prevent them. Actually, there was 
no further bleeding complication after we performed such 
meticulous manipulations.

Although there was some conflict between laparoscopic 
instruments in the narrow operative field−a characteristic 
of single-port surgery−we were able to perform single-
port laparoscopic surgery comfortably without additional 
instruments. If forceps that enabled articulation were available, 
we could perform an easier, safer operation. As it is easy to 
damage the gastric mucosa by the forceps because of the 
narrow operative field, cautious manipulation is required under 
a direct visual field.

A mean of 2.2 ± 0.9 laparoscopic linear staplers were used, 
indicating little difference from the number used during 
conventional exogastric wedge resection. If tumor traction was 
easy or the tumor base was not wide, we could resect the tumor 
without difficulty using one or two laparoscopic linear staplers. 
If not, we needed more. 

The single-port method in this study did not require pneum -
operitoneum to explore the abdominal cavity because of 
direct gastric inflation with carbon dioxide gas. Tagaya et 
al. [17] introduced a jejunal clamping method with bowel 
clamp forceps and inserted a balloon catheter orally into the 
duodenum to prevent gaseous distension of the intestine 
during an intragastric approach. Our patients did not experience 
any complications related to postoperative intestinal gas after 
pneumoperitoneum of 12 mmHg. If this is a concern, it may be 
sufficient to insert a Levin tube for a day after the operation.

The study has some limitations. First, there were no large 
endophytic gastric SMTs. The mean tumor size was 2.4 cm 
(range, 1.0−4.4 cm). Large tumors were excluded from this 
study because of the difficulty of manipulating them and 
the risk of tumor rupture. In the Japanese Clinical Practice 
Guideline, gastric SMTs < 5 cm are included in the indications 
for laparoscopic surgery [18]. Hence, we used the cutoff of 
tumors ≥ 5 cm because we had no experience with them 
regarding intragastric resection. Although excellent long-
term survivals are reported for patients with relatively large 
gastric SMTs, there is still a lack of long-term survival reported 
after intragastric resection. Thus, a judicious approach was 
needed. The second limitation is the location of the tumor. Our 
procedure was valuable for resecting endophytic tumors located 
on the esophagogastric junction, gastric fundus, and body.

The cases in which surgery was performed on the angle 
and antrum of the stomach (not included in this study) posed 
several tiresome problems, such as extreme narrowing of the 
operative field or limited articulation of the linear stapler 
caused by the gastric structure. These restrictions made the 
procedure more difficult. Therefore, we think that a different 
approach should be attempted for lesions distal to the gastric 
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angle. Also, as the gastrostomy is made on the gastric anterior 
wall, all laparoscopic instruments were controlled in the 
direction from the anterior wall to the posterior wall of the 
stomach. Therefore, this procedure would not be appropriate 
for an anterior tumor that is not high-lying. We think that the 
eversion technique, suggested by Hyung et al. [19], is more 
effective for these tumors.

Single-incision intragastric resection is feasible and safe 
procedure. It is especially efficient for removing small 
endophytic gastric SMTs located in the upper and mid portion 
of the stomach. Despite the small number of cases and lack of 
long-term follow-up data in our study, this procedure may be 

one of good treatment option for gastric SMTs, we think.
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