
― 152―

Tokai J Exp Clin Med., Vol. 36, No. 4, pp. 152-158, 2011

Fundic Rotation Technique: A Useful Procedure for Laparoscopic  
Exogastric Resection of Gastric Submucosal Tumors Located on  

the Posterior Wall Near the Esophagogastric Junction
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Objective: To develope a new procedure for laparoscopic exogastric resection using a so-called “fundic 
rotation technique (FRT)” for gastric submucosal tumors (SMTs) on the posterior wall near the esophago-
gastric junction (EGJ).
Methods: Between April 2006 and February 2010, we performed laparoscopic resection for SMTs located 
near the EGJ (within 3.0 cm from the EGJ) in ten consecutive patients. Out of seven exogastric resections, 
an FRT was used in five patients with posterior tumors near the EGJ.
Results: The patients comprised three men and two women, with an average age of 65 years. The maximum 
tumor diameter averaged 3.8 cm (range, 2.0-8.0 cm), and the average distance from the EGJ was 1.5 cm (range, 
0-2.5 cm). The pathological diagnosis was GIST in all cases. One case was converted to an open surgery due 
to its large size (8.0 cm) and the difficult access. All the patients quickly returned to their normal activities. 
No patient complained any symptoms of regurgitation, and endoscopic examination revealed no remarkable 
reflux esophagitis. No tumor recurrences occurred during a median follow-up period of 30 months. 
Conclusion: The indications for laparoscopic resection of SMTs located near the EGJ may be extended using 
an FRT.
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INTRODUCTION

Although a laparoscopic wedge resection (LWR) 
has been used as a minimally-invasive treatment for 
benign gastric tumors [1-6], partial resection of the 
stomach cannot be performed easily when the tumors 
are located near the esophagogastric junction (EGJ), 
because of the high risk of causing stricture and 
leakage at the resected area. As the result of recent 
improvements in laparoscopic technique, several types 
of laparoscopic resections for submucosal tumors 
(SMTs) have been reported: exogastric resection 
(resection from a serosal side using an endo-linear 
stapler) [1, 2, 4-7], intragastric resection (intralumenal 
resection through the port) [8-11], transgastric resec-
tion (translumenal resection through a wound of the 
anterior wall) [12-16], proximal gastrectomy [17, 18], 
and combined endoscopic-laparoscopic resection 
[19-21]. Although transgastric resection is a useful 
procedure for posterior tumors, it is not recommended 
for ulcerated or extragastric tumors, as contamination 
with gastric juice and the dissemination of tumor cells 
are potential risks associated with this procedure [10]. 
Endoscopic-laparoscopic intragastric resection is also 
a useful procedure for determining the resection line 
near the EGJ. However, intragastric resection requires 

certain special equipment to puncture the anterior 
gastric wall, and these stab wounds must be repaired 
after the completion of the procedure. Futhermore, 
this procedure has several disadvantages such as the 
limited range of resection and the maximum diameter 
of tumors retrieved endoscopically [10]; the possible 
injury to the spleen arising from the pulling of the 
stomach toward the abdominal wall is another concern 
[22]. A proximal gastrectomy, on the other hand, is 
too invasive for the treatment of a benign lesion; fur-
thermore, postoperative reflux esophagitis is inevitable, 
which requires long-term medication. At our institu-
tion, we have developed a new technique for posterior 
SMTs near the EGJ, which we have called the “fundic 
rotation technique (FRT)”. This technique has enabled 
the indications for the exogastric resection of SMTs to 
be extended. 

MATERIALS AND METHODS

Between April 2006 and February 2010, five 
consecutive patients underwent laparoscopic wedge 
resection of SMTs located near the EGJ using an FRT. 
There were three men and two women, with an aver-
age age of 65 ± 5.9 years (range, 57-72 years). A diag-
nosis of SMT had been made using an upper gastro-
intestinal series, endoscopy (Fig. 1A), and endoscopic 
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Fig. 2 Port placement of a standard five-port technique

ultrasound (EUS). EUS-guided fine-needle aspiration 
(FNA) was performed in four patients. An abdominal 
computerized axial tomography (CAT) scan (Fig. 1B) 
and magnetic resonance imaging (MRI) were used to 
evaluate the intra-and extraluminal components of the 
tumor as well as the presence of distant metastases. All 
the tumors were located at 3 cm or less from the EGJ, 
with an average distance of 1.5 ± 1.0 cm (range, 0-2.5 
cm). The patient demographics, clinical presentation, 
preoperative evaluation, operative procedure, patho-
logical diagnosis, length of operation, complications, 
length of postoperative hospital stay, and status of 
tumor recurrence were reviewed using the patients’ 
medical records. The UICC TNM Classification of 
Malignant Tumours (seventh edition, 2007) was used 
for gastrointestinal stromal tumors (GISTs).

Operative procedures 
Fundic rotation technique (FRT) 

A five port technique was used (Fig. 2), and a pneu-

moperitoneum was established, as previously described 
[17, 23]. Usually, a caudal or left to right rotation of 
the posterior fundus was used for SMTs near the 
greater curvature side of the stomach. In cases of pos-
terior cardial tumors (Fig. 1), however, a right to left 
rotation was required (Figs. 3, 4). To achieve this, both 
the lesser and greater curvature sides of the stomach 
were dissected along the gastric wall. 

The hepatogastric ligament over the caudate lobe 
of the liver was opened using laparosonic coagulat-
ing sheers (LCS, Harmonic ACE II, Ethicon-Endo 
Surgery), exposing the right crus of the diaphragm. 
The incision was carried across the phrenoesophageal 
membrane and over to the anterior surface of the left 
crus, preserving the anterior vagus nerve. The dissec-
tion was continued to expose both sides of the crus 
from the base through the crural arch, thereby open-
ing the retroesophageal window. The posterior vagus 
trunk was sought and protected. To enter the lesser 
sac, the short gastric vessels were taken down begin-

Fig. 1 Clinical example of a submucosal tumor on 
the posterior wall of the cardia treated with 
an FRT.

 (A) Endoscopic view of the tumor with ul-
ceration near the esophagogastric junction. 
A biopsy specimen revealed GIST of low 
grade malignancy. (B) Abdominal CAT scan 
shows exophytic and endophytic growth of 
the tumor (indicated by the white arrow) with 
heterogenous contrast enhancement.

A

B
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RESULTS

The patient demographics and clinical presentation 
are shown in Table 1. The average body mass index of 
the patient was 23.5 ± 2.5 kg/m2. The clinical presen-
tation included anemia in one case, the rest of patients 
were asymptomatic. 

The clinical characteristics of the SMTs are shown 
in Table 2. The location of the tumor was the posterior 
wall in all cases. Although most of the tumors (four 
cases) had both an exophytic growth pattern as well 
as an endophytic growth pattern, the main growth 
pattern was exophytic in two cases, and endophytic in 
three cases. The average tumor size was 3.8 ± 2.4 cm 
(range, 2.0-8.0 cm), with a distance from the EGJ of 
1.5 ± 1.0 cm (range, 0-2.5 cm). 

The pathologic diagnoses of the SMTs revealed 
gastrointestinal stromal tumors (GISTs) in five cases. 
The pTNM pathological classification of GISTs was 
pT1N0M0 in one case, pT2N0M0 in three cases, and 
pT3N0M0 in one case. The histopathological grading 
of GISTs was low mitotic rate [five or fewer per 50 
high-power fields (HPF)] in four cases and high mi-
totic rate (over 5 per 50 HPF) in one case. The Stage 
grouping was Stage IA in four cases and Stage II in 
one case (Table 3). 

The operative data and clinical outcomes of the 
laparoscopic resection for SMTs are shown in Table 
4. The average operation time was 167 ± 88 minutes 
(range, 90-289 minutes), with an average blood loss 
of 38 ± 64 grams (range, 0-152 grams). The types of 
resection procedures included an exogastric wedge 
resection with an FRT in all cases. No transgastric or 
intragastric resections were performed in this series. 

ning two-thirds of the way down the greater curvature 
of the stomach and working cephaladly toward the 
EGJ. Any filmy attachments between the posterior wall 
of the upper portion of the stomach and the anterior 
surface of the pancreas were divided. For the divi-
sion of the short gastric vessels of the superior splenic 
hilum, the posterior approach was sometimes useful. 
Great care was required to prevent injury to the short 
gastric vessels and the spleen. The posterior gastric 
vessels or the left inferior phrenic artery were often 
encountered and should be expected. An adequate 
right to left rotation of the posterior gastric fundus 
was ensured using the same procedure as that used for 
Nissen fundoplication [24]; the mobilized gastric fun-
dus was brought through the retroesophageal window 
and around the distal esophagus without any tension, 
which was accomplished by the “shoeshine maneuver” 
(Fig. 4A). During the rotation technique, care was 
taken not to injure the extragastric component of the 
tumors, which can sometimes adhere to the retroperi-
toneum. 

Wedge resection
Before applying an endolinear stapler, the extent 

of the resection was evaluated by grasping the tumor 
margin with atraumatic forceps. The resection line 
should be perpendicular to the esophagus near the 
EGJ (Figs. 3). Endolinear staplers were applied from 
the left, then from the right (Figs. 3, 4B, 4C). An endo-
scope was used as a stent during this procedure. If this 
procedure seemed impossible, the operative procedure 
was converted to an endoscopy-assisted partial resec-
tion and manual suture closure [25] or a laparoscopic 
proximal gastrectomy (LPG) [17].

Fig. 3 Schematic drawing of the fundic rotation technique 
(FRT) and resection line.

 The posterior wall of the fundic portion of the 
stomach was rotated from right to left to expose a 
posterior tumor near the esophagogastric junction 
(the curved arrow). The black straight arrows indi-
cate the directions of the linear staplers, which are 
from the left, and then from the right so that they 
are perpendicular to the esophagus.
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Fig. 4 Laparoscopic view of an exogastric resection with an FRT.
 (A) The mobilized gastric fundus was brought to the left side through the retroesophageal window(A) The mobilized gastric fundus was brought to the left side through the retroesophageal window 

and around the distal esophagus without any tension, which was accomplished by the “shoeshine ma-
neuver”. The exophytic component of the tumor (indicated by a “T”) located on the posterior wall 
of the gastric fundus as presented in Fig.1. (B) First, an endolinear stapler was applied from the left 
using a left lower port. (C) Second, an endolinear stapler was applied from the right using a right 
upper port. (D) The resection line was perpendicular to the posterior wall of the lower esophagus 
(indicated by arrowheads).

Table 2  Clinical characteristics of submucosal tumors (SMTs) located near the 
esophagogastric junction (EGJ)

Patient
Location of 

tumor*1

Main growth 
pattern*2

Tumor size (cm) Distance from 
the EGJ (cm)

1 post Exo 2.0 2.0
2 post Endo 2.5 2.5
3 post Endo 2.8 0
4 post Endo 3.5 2.0
5 post Exo 8.0 1.0

*1 “post” represents posterior wall of the stomach
*2  “Exo” represents exophytic type growth pattern of the tumor, and “Endo” represents endophytic type

Table 1  Patient demographics and presentation
Patient Gender* Age(yr) BMI** Presentation

1 F 72 21.0 none
2 M 61 23.0 none
3 M 68 23.0 anemia
4 F 65 23.0 none
5 M 57 27.7 none

*“F” represents female, and “M” represents male
**　　BMI represents Body Mass Index, which is calculated by the formula as follows:
　weight(kg) ÷ height(m)weight(kg) ÷ height(m)2 (kg/m2)
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One case was converted to an open surgery because of 
the large tumor size (8.0 cm) and the difficulty in ac-
cessing and maintaining an operative field. There were 
no postoperative complications. The time until the start 
of the oral intake averaged 2.4 ± 0.9 days (range, 1-3 
days). The average postoperative hospital stay was 8.2 ± 
1.6 days (range, 7-10 days). None of the patients have 
shown any signs of regurgitation and recurrence, with 
a median follow-up period of 30 months. 

DISCUSSION

Laparoscopic resections have become a standard 
procedure for relatively small gastric SMTs and have 
demonstrated favorable long-term therapeutic effects 
[3-6]. Although an LWR was initially used for tumors 
of the anterior wall [1, 2], several reports of the resec-
tion of posterior gastric lesions, such as intragastric 
and transgastric resections [8-16], have been made. 
Generally, these procedures are used for relatively 
small tumors without exophytic growth. The treat-
ment strategy for SMTs located in the posterior wall 
near the EGJ is the most difficult [9-11, 16-18, 20, 
22, 26-28]. We have developed an exogastric resec-
tion procedure for SMTs located in the posterior wall 
near the EGJ by rotating the posterior wall of the 
gastric fundus from right to left; we have named this 
procedure the “fundic rotation technique (FRT)”. 
In this procedure, the direction of the linear stapler 
near the EGJ is most important. To avoid a stricture 
of the lower esophagus, the resection line should be 
perpendicular to the esophagus near the EGJ. We had 
no cases of postoperative esophageal stricture in our 
series, although we did not use the esophageal bougies 
as a stent. The postoperative course was uneventful in 
all five patients who underwent exogastric resection 
with an FRT. Endoscopic examination revealed no 
remarkable reflux esophagitis at six months postopera-
tively. 

Recently, Ke et al. [22] reported a similar procedure 
for SMTs on the posterior wall of the gastric fundus 
close to the EGJ: an extraluminal laparoscopic wedge-
resection (ELWR). In their procedure, they removed 
any attachment of the gastric cardia on the right 
(greater curvature side), left (lesser curvature side) and 
anterior sides, and then turned the posterior wall of 
the stomach toward the right side (patient’s left side). 
Although this procedure seems to be useful for poste-
rior wall tumors located relatively close to the greater 
curvature side of the fundus, it may be difficult to use 
this procedure for tumors located close to the posterior 
wall of the gastric cardia. To solve this problem, we 
turned the posterior wall of the gastric fundus toward 
the left side (patient’s right side), similar to the proce-
dure used for Nissen fundoplication [24, 26]. Song et 
al. [27] recommended a tailored approach for gastric 
SMTs near the EGJ. Of the ten cases of SMTs located 
near the EGJ, a transgastric resection and an exogas-
tric resection were equally used in five cases. They 
also proposed a need for fundic mobilization for pos-
terior tumors. Hwang et al. [28] reported laparoscopic 
surgery for SMTs located at the EGJ; out of seven 
cases, five were treated using laparoscopic transgastric 
enucleation, one was treated using a tumor-everting 
transgastric resection, and one endophytic mass was 
removed by a wedge resection. Most of their cases were 
benign leiomyomas; therefore, they concluded that 
enucleation had been the correct procedure. However, 
because of the limited accuracy of preoperative diag-
nosis, enucleation should be performed with caution to 
prevent the dissemination of the tumor. The oncologic 
adequacy of the laparoscopic surgery is only achieved 
by complete tumor resection with negative margins, 
gentle manipulation of the stomach without spillage of 
tumor in cases of GISTs. 

In the present series, the average tumor size was 
3.8 ± 2.4 cm (range, 2.0-8.0 cm). One large tumor 

Table 4  Operative data and clinical outcomes of laparoscopic wedge resection with an FRT for 
SMTs near the EGJ

Patient
Length of 
operation 

(min)

Blood  
loss 

(gram)

Postoperative 
complications

Oral  
intake  
(days)

Postoperative 
hospital stay 

(days)

Tumor recur-
rence

1 80 20 none 2 7 none
2 105 0 none 1 10 none
3 289 12 none 3 10 none
4 121 6 none 3 7 none
5 231* 152 none 3 7 none

*Converted to an open surgery due to its large size and the difficult access

Table 3  Pathological characteristics of SMTs located near the EGJ
Patient T N M HPG* Stage

1 1 0 0 low IA
2 2 0 0 low IA
3 2 0 0 low IA
4 2 0 0 low IA
5 3 0 0 high II

According to the UICC TNM Classification of Malignant Tumours (seventh edition, 2007) *HPG 
represents histopathological grading of the GISTs
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(8.0 cm,) was treated using a partial gastrectomy with 
manual suture closure. We did not diagnose properly 
a diameter of the tumor with an exophytic extension. 
Although, previous reports have suggested limiting 
the laparoscopic approach to those gastric GISTs that 
are less than 2 cm in sizes [29], some investigators 
extended the indication for laparoscopic gastric resec-
tion for the tmors greater than 2 cm[30]. We believe 
that laparoscopic procedure can be applied for the 
greater GISTs, if the oncological adequacy can still be 
obtained.

We previously reported the use of an LPG for a 
gastric GIST with ulceration located in the cardia [17]. 
A few cases of the use of an LPG for the treatment of 
a gastric SMT have been reported [17, 18]; therefore, 
this procedure can be considered a feasible treatment 
option. Although the clinical outcomes, including the 
prognosis and QOL of large number of the patients, 
are unknown, major surgery for malignant lesions 
close to the EGJ may be necessary to obtain an ad-
equate tumor-free margin in some cases. In one case 
with a large tumor, we tried to preserve the stomach by 
performing a partial gastrectomy; however, the lapa-
roscopic surgery was converted to an open procedure 
because of the difficult access. In this case, adhesion of 
the exophytic component of the tumor to the retroperi-
toneum was observed. The fundic rotation was diffi-
cult through the retroesophageal window, therefore, we 
think that the tumor with a large exophytic component 
is not a good candidate for an FRT. Previously, we 
[25] and other investigators [7] reported an endoscopy-
assisted partial resection followed by a manual suture 
closure for benign stromal tumors. This procedure 
may be useful for small benign tumors to preserve 
gastrointestinal motility. 

The distance from the EGJ to the margin of the 
tumor averaged 1.5 ± 1.0 cm (range, 0-2.5 cm) in 
our series. Strictly speaking, it is difficult to evaluate 
the distance between the tumor margin and the EGJ 
precisely on a perioperative basis. Several investigators 
[2, 10, 22, 28] have described that the indications for 
laparoscopic surgery should be a distance of more 
than 1.0 cm from the EGJ to prevent injury to that 
area, since an LWR is associated with excessive resec-
tion of the normal gastric wall. However, by fully 
dissecting the cardiac area and preserving the vagus 
nerves and by considering the direction of the linear 
stapler toward the EGJ, a complete resection of the tu-
mor without interfering with the function of the EGJ 
can be successfully performed. We experienced no 
remarkable complications including reflux esophagitis 
after exogastric resection with an FRT, although lon-
ger follow up will be required. Therefore, we believe 
that this procedure is a useful option for gastric SMTs 
located on the posterior wall near the EGJ.
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