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ABSTRACT
The incidence of upper-third gastric cancer is rising, necessitating proximal gastrectomy or total gastrectomy in most patients. 
However, surgical removal of the fornix, a major site for ghrelin secretion, often results in reduced appetite and weight loss post-
surgery. To address this issue, we devised a resection approach aimed at preserving ghrelin secretory sites. Here, we introduce 
a novel technique for treating upper-third gastric cancer near the esophagogastric junction: super subtotal gastrectomy (SSTG). 
During distal gastrectomy assisted by robotics, lymph node dissection was performed. Endoscopic confirmation of the tumor site 
guided the design of the gastrectomy line. Using a linear stapler, the stomach was dissected from the greater curvature fold to the 
angle of His. The specimen was then extracted through a precise incision from the angle of His to the right side of the esophagus, 
partially resecting the esophagogastric junction. Suturing of the open lumens of the esophagus and stomach was performed 
to repair the remaining stomach. Closure of the diaphragmatic crus prevented esophageal hiatal hernia. Reconstruction was 
achieved through Roux-en-Y reconstruction. SSTG offers the advantage of maintaining an oral margin beyond the esophageal 
junction while preserving the fornix. In the SSTG group, the median operative time was 333 min (range: 257–354), with a blood 
loss of 79.5 mL (range: 20–141). No serious intraoperative complications were observed. Our proposed SSTG technique enables 
the preservation of the fornix even in cases of upper-third gastric cancer located closer to the esophagogastric junction than was 
previously possible.

1   |   Introduction

The incidence of upper-third gastric cancer is rising, necessitat-
ing diverse surgical approaches. Surgeons and facilities choose 
from options like proximal gastrectomy, total gastrectomy, and 
subtotal gastrectomy. Subtotal gastrectomy preserves the fornix 
[1], crucial for ghrelin secretion, which promotes better post-
operative nutritional status and fewer complications, including 
reflux esophagitis, compared with total and proximal gastrec-
tomies [1–4]. However, when tumors near the esophagogastric 
junction require extensive excision, proximal or total gastrecto-
mies become necessary.

Ghrelin-producing cells have been observed in the fundic gland, 
mainly in the upper body and greater curvature [1]. This region 
secretes ghrelin, an appetite-stimulating hormone [5], suggest-
ing that preserving it might mitigate postoperative weight loss.

Robot-assisted gastrectomy (RAG) is increasingly popular for 
the minimally invasive treatment of gastric cancer [6], enabling 
suturing techniques that are challenging to use with laparo-
scopic methods and broadening surgical options.

In this study, we introduce a novel surgical approach for upper-
third gastric cancer proximal to the esophagogastric junction, 
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involving partial resection of the esophagogastric junction while 
preserving the fornix. This technique facilitates tumor excision 
while conserving the fornix region. We present the technical 
details and initial clinical outcomes of this fornix-sparing resec-
tion, the first reported for upper-third gastric cancers adjacent to 
the esophagogastric junction.

2   |   Surgical Technique

2.1   |   Patients

Between June 2023 and December 2023, four patients under-
went super-subtotal gastrectomy (SSTG) at the Department of 
Gastroenterological Surgery at Nagoya City University, Aichi, 
Japan. The study was approved by the Institutional Review 
Board of the Graduate School of Medical Sciences, Nagoya City 
University (approval number: 60-18-0008). The indications for 
SSTG were: (1) the tumor had not invaded the esophagogastric 
junction; (2) the tumor was centered on the lesser curvature; and 
(3) no metastasis occurred to the lymph nodes of the fornix.

The median age of the patients was 69.5 years (range: 
54–72 years); all patients were male. This procedure is indicated 
in patients with gastric cancer localized to the lesser curvature 
of the upper-third of the stomach. The procedure was performed 
after informed consent was obtained from all patients.

2.2   |   Technique

Under general anesthesia, the patients were positioned with the 
right leg in an open-leg position to prevent arm interference. 
First, a 12-mm port was inserted into the umbilicus using an 
open technique. All procedures were performed using the da 
Vinci Xi robotic platform (Intuitive Surgical, Sunnyvale, CA) or 
the Hinotori Surgical Robot System (Medicaroid Corporation, 
Kobe, Japan). D1+ or D2 dissection during distal gastrectomy 
(Japanese Gastric Cancer Treatment Guidelines, 14th Edition) 
was performed with robotic assistance. Herein, we present a 
schematic diagram of the SSTG procedure (Figure 1). The tumor 
site was confirmed endoscopically; a gastrectomy line was de-
signed along the tumor location.

The resection line was designed from the right side of the esoph-
agogastric junction toward the greater curvature to ensure an oral 
margin for the tumor located on the lesser curvature (Figure 2a). 
The stomach was dissected with a linear staple from the planned 
line of dissection of the greater fold to the angle of His (Figure 2b). 
The specimen was removed through a sharp incision from the 
angle of His to the right side of the esophagus, partially resecting 
the esophagogastric junction (Figure 2c). The remaining resection 
edges of the esophagus and stomach formed a shape resembling 
that of eyeglasses (Figure 2d). During the procedure, suction of the 
stomach contents was required to prevent spillage.

The open lumens of the esophagus and stomach were sutured 
with an absorbable barbed suture; the remaining stomach was 
repaired (Figure  3a,b). As a precaution during the procedure, 
while suturing the esophagus and stomach, the anatomical 
length of the posterior wall of the stomach was typically longer 

than that of the esophagus. Based on experience, using a 2:1 
ratio where the stomach is bitten more than the esophagus 
helped match the lengths and achieve a clean suture closure.

The crus of the diaphragm was then closed with a barbed suture 
to prevent esophageal hiatal hernia (Figure 3c), and reconstruc-
tion was performed with a Roux-en-Y reconstruction (Figure 3d); 
SSTG has the advantage of providing an oral margin beyond the 
esophageal junction and preserving the fornix (Video S1).

3   |   Results

To date, SSTG has been performed in four patients with small-
curvature gastric cancer in the upper third of the stomach, 
including one case of remnant gastric cancer post-distal gas-
trectomy (Table 1). No significant intraoperative complications 
were reported. The median operative time for SSTG was 333 min 
(range: 257–354 min), with an estimated blood loss of 79.5 mL 
(range: 20–141 mL). Although all tumors were located near 
the esophagogastric junction, negative proximal margins were 
achieved. Postoperatively, all patients experienced prompt re-
covery, with clearance to consume clear liquids by postoperative 
day 2 and solid food by postoperative day 4. Notably, no major 
complications, such as anastomotic leakage, stenosis, or pancre-
atitis, occurred; there were no instances of mortality among the 
patients.

FIGURE 1    |    Schemas of super-subtotal gastrectomy. (a) Stapling the 
stomach from the greater fold to the angle of His. (b) Resection of the 
right wall of the esophagogastric junction, while leaving the left wall 
intact. (c) Resection of the stomach containing the tumor, followed by 
suturing the esophagus and stomach closed. (d) Performance of Roux-
en-Y reconstruction.
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Figure  4 presents endoscopic images of the esophagogastric 
junction closure site taken 1 year postoperatively. The endo-
scopic evaluation revealed no evidence of stricture or reflux 
esophagitis.

Regarding postoperative weight loss and nutritional markers, 
we excluded Case 4, a Stage IV patient who expired within 
1 year after surgery. In the remaining three cases, the average 
weight loss rate at 6 months and 1 year postoperatively was 

FIGURE 2    |    Partial resection of the esophagogastric junction. (a) Marking the line for the partial resection of the right wall of the esophagogastric 
junction. (b) Separating the stomach with an automatic suturing device along the marked line. (c) Resection of the stomach along the planned resec-
tion line while checking the lumen. (d) View after resection.

FIGURE 3    |    The reconstruction process following resection. (a) Suture closure of the esophagus and stomach from the posterior wall. (b) View af-
ter the sutures are completed. (c) Suturing and closure of the crus of the diaphragm. (d) View after anastomosis of the residual stomach and jejunum.
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7.1% and 9.1%, respectively. Serum albumin levels at the pre-
operative, 6-month, and 1-year postoperative intervals were 
3.8, 3.63, and 3.9 g/dL, respectively. The prognostic nutritional 
index (PNI) values at the same time points were 44.2, 42.7, and 
45.8, respectively.

4   |   Discussion

The technique we report here enables gastrectomy with preser-
vation of the fornix in patients with upper-third gastric cancer 
located close to the esophagogastric junction, making securing 
a proximal margin distance with conventional subtotal resec-
tion difficult. Preserving the fornix and maintaining ghrelin 
secretion is expected to prevent postoperative weight loss and 
improve nutritional status [5].

Takagi et al. previously reported a surgical technique designed 
to avoid total gastrectomy [7]. However, their approach does not 
prioritize the preservation of the ghrelin-secreting region and 
involves resecting the greater curvature. In contrast, SSTG aims 
to preserve the greater curvature as much as possible to main-
tain the ghrelin-secreting region, resulting in a difference in the 
resection line due to these distinct concepts. A notable feature of 
SSTG is the partial resection of the right wall of the esophagus. 
Additionally, regarding reconstruction, SSTG involves making 
an incision in the right wall of the esophagogastric junction to 
resect the tumor. In contrast, the surgical technique reported by 
Takagi et al. extends the incision from the left wall of the esoph-
agus to the gastric fundus, which is then used for anastomosis. 
These clear differences highlight that SSTG is a distinct surgical 
technique.

In terms of postoperative nutritional evaluation, Ojima et  al. 
reported that the 6-month postoperative weight loss rate was 
8.7% following robotic subtotal gastrectomy and 15.8% after 
robotic total gastrectomy. In contrast, the postoperative weight 
loss rates regarding the present surgical method (SSTG) were 
7.1% at 6 months and 9.1% at 1 year, demonstrating outcomes T
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FIGURE 4    |    Endoscopic images of the esophagogastric junction clo-
sure site taken 1 year postoperatively.
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comparable to those after subtotal gastrectomy and superior to 
those following total gastrectomy. Moreover, serum albumin 
and PNI values recovered to levels equal to or exceeding their 
preoperative levels by 1 year postoperatively, indicating a favor-
able nutritional status.

Although the lower esophageal sphincter is partially destroyed, 
closure of the diaphragmatic crus prevents postoperative reflux, 
strictures, and other symptoms. The key point of this technique 
is to avoid completely severing the abdominal esophagus, ensur-
ing that it remains connected at the angle of His. This finding 
is attributable to the fact that complete dissection can cause 
the esophagus to retract into the mediastinum, complicating 
suturing.

In addition, compared with total resection, areas near the tumor 
may necessitate further frozen section diagnosis. Preserving 
the left inferior phrenic artery is critical to maintaining ad-
equate blood flow to the remaining portion of the stomach. 
Indocyanine green (ICG) fluorescence imaging is used intra-
operatively to evaluate blood flow and confirm perfusion to 
the preserved stomach. This ensures that the residual stomach 
can be safely used for anastomosis, eliminating the need for 
esophago-jejunal anastomosis, which is often challenging after 
total gastrectomy. Consequently, this approach is expected to re-
duce the incidence of postoperative complications. To date, this 
procedure, supported by ICG-guided blood flow assessment, 
has been performed safely without any significant postoperative 
complications.

However, there are some possible concerns about the procedure. 
There might be a possibility of an inadequate surgical margin. 
To mitigate this risk, the resection margin was determined in-
traoperatively using endoscopy.

The traditional gastric cancer guidelines recommend a 5-cm 
margin for advanced gastric cancer [8]. However, recent studies 
have reported that such a distance might not be necessary, as 
long as negative margins are confirmed through intraoperative 
frozen-section analysis [9, 10].

During this procedure, the resection margin was determined in-
traoperatively using endoscopy. After resection, tumor-free sta-
tus was confirmed macroscopically. Additionally, the proximal 
margin was subjected to frozen section diagnosis to ensure neg-
ativity, achieving a balance between sufficient tumor removal 
and unnecessary resection. For instance, in patients No. 3 and 
4, approximately 5 mm of the proximal margin was submitted 
for frozen section diagnosis. Consequently, the margin length 
reported in the permanent specimens, as shown in Table 1, ap-
pears shorter than the actual margin length. However, since 
negative margins were confirmed during surgery, the resection 
was deemed appropriate and adequately achieved. This method 
optimizes resection while ensuring oncological safety.

The second limitation could be cancer dissemination into the 
abdominal cavity. Since a portion of the bowel near the tumor 
site is opened during this procedure, meticulous attention is re-
quired to prevent leakage of intestinal contents. Complete suc-
tion by the surgical assistant is considered effective in preventing 

such leakage, thereby minimizing the risk of cancer dissemina-
tion into the abdominal cavity. To further reduce this risk, ad-
ditional measures are planned for future surgeries. Specifically, 
the stomach will first be transected using an automatic stapler 
along the same resection line as the SSTG before opening the 
esophagogastric junction for anastomosis. Additionally, the re-
sected side will be temporarily closed using intestinal clips be-
fore transection to prevent the spillage of gastric contents. These 
refinements aim to enhance oncological safety while maintain-
ing the benefits of the procedure.

Third, the omission of lymph node dissection at stations 
number 2 and 4sa might be a limitation. Since the extent of 
resection and lymph node dissection was similar to that of 
subtotal gastrectomy, lymph node dissection at stations num-
ber 2 and 4sa was not performed. Song et al. [11] reported that 
metastasis to the number 2 lymph nodes is rare in early-stage 
upper gastric cancer. This procedure targets gastric cancers 
localized to the lesser curvature without invading the an-
terior or posterior walls, where the likelihood of metastasis 
to the number 2 lymph nodes is low. Since this procedure is 
fundamentally aligned with subtotal gastrectomy, preserv-
ing the fornix is considered more critical compared with the 
prophylactic dissection of the number 2 lymph nodes. In each 
case, a preoperative assessment should evaluate whether the 
number 2 lymph node metastasis could be safely excluded. If 
intraoperative findings suggest the possibility of metastasis to 
the number 2 lymph nodes, conversion to total gastrectomy or 
proximal gastrectomy should be considered.

5   |   Conclusions

Our proposed SSTG technique enables the preservation of the 
fornix even in cases of upper-third gastric cancer located closer 
to the esophagogastric junction than was previously possible.
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