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Introduction

In the Japanese gastric cancer treatment guidelines, standard 
gastrectomy is defined that the resection of at least two-
thirds of the stomach with a D2 lymph node dissection is 
needed (1). Conversely, function-preserving gastrectomy 
(FPG), which maintains gastric function to the detriment of 
the advantages that standard gastric cancer surgery provides, 
is performed to address the post-operative quality of life 

(QOL) of the patients. Although evidently not defined in 
the guidelines, FPG is characterized as a procedure that 
preserves the esophagogastric junction, pylorus, and capacity 
of the remnant stomach to maintain a functional reservoir 
(2,3). Pylorus-preserving gastrectomy (PPG) and proximal 
gastrectomy (PG), two representative FPG procedures, are 
generally performed with a curative intent in early gastric 
cancer (EGC) according to limited indications. A more 
limited gastric resection approach, i.e., local resection of 
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the stomach and segmental gastrectomy, are not generally 
performed, as it is not a radical procedure for gastric cancer; 
endoscopic resection has been established as an alternative 
procedure as a localized treatment in these cases. 

FPG, which was adapted for EGC patients, was shown 
to achieve favorable prognosis with reduced surgical 
invasiveness, and its indications overlap with those of 
laparoscopic gastrectomy, a form of minimally invasive 
surgery (2-4) .  Indeed,  FPG was often performed 
laparoscopically in recent years. Optional procedures 
including the preservation of vagal nerve are often 
performed together with FPG, although their benefits 
remain unclear. 

In this review, we will summarize the current landscape 
of FPG with curative intent in gastric cancer, including 
PPG, PG, distal gastrectomy (DG) with a very small 
remnant stomach, and local resection of the stomach.

PPG 

PPG, originally utilized for the surgical treatment of 
gastric peptic ulcers with satisfactory results, has since been 
introduced as a surgical treatment for EGC to preserve 
function and maintain a better QOL (5-8). PPG is generally 
considered to offer several advantages over conventional 
DG with Billroth I reconstruction including lower 
incidence rates of dumping syndrome, duodenal juice reflux, 

and altered bowel habits; maintenance of body weight; and 
reduced flatus frequency (9-11). 

Indications of PPG 

Indications of PPG are cT1N0 EGC located in the middle 
one-third of the stomach. Distance of the lesion from 
pylorus should be at least 5 cm. At our institute, strict criteria 
including tumor size, histology of the tumor, age, and body 
mass index (BMI) are not employed for PPG. As to the other 
eligibility of criteria, patients with hiatal-hernia and difficult 
dietary restrictions would not meet the criteria of PPG, 
because the possibility of reflux after surgery would be high. 
In our database, the rate of metastasis to suprapyloric region 
nodes was only 0.2% in 3,646 patients with T1 (mucosal 
or submucosal) cancer located in gastric midbody (12). 
Therefore, PPG is indicated for the patients with cT1 gastric 
cancer who meet the other eligibility criteria.

Laparoscopic procedures in PPG 

Laparoscopic gastrectomy for EGC, which was first reported 
by Kitano et al., is performed widely in Asian countries (13).  
In Japan, laparoscopic gastrectomy is performed in more 
than 10,000 cases per year, as revealed by a national survey. 

Laparoscopy-assisted PPG (LAPPG) is increasingly 
preferred as it is associated with a lower incidence of 
postoperative pain, earlier return of bowel functions, shorter 
periods of hospitalization, and improved cosmetic results 
(Figure 1) (6,7). In a recent retrospective our study of 307 
patients with EGC, we reported LAPPG as a safe approach 
with excellent postoperative outcomes including reductions 
in major complications based on the Clavien-Dindo 
classification, which focuses mainly on the therapeutic 
consequences of complications and has been shown as 
a reliable tool for quality assessment in surgery (11).  
In that study, major complications greater than Clavien-
Dindo classification IIIa, were observed in only 4 patients 
(1.3%). The most frequent complication was gastric stasis, 
which occurred in 19 patients (6.2%). We further identified 
in the reports that high BMI and lower surgical experience 
with LAPPG were significant risk factors for postoperative 
complications. 

During LAPPG, anastomosis can be easily performed 
directly from the small upper abdominal middle incision, 
as the site for anastomosis site is immediately under the 
incision for hand-sewn procedures. In reports of complete 
intracorporeal anastomosis during LAPPG, delta-

Figure 1 The distal stomach was divided while remaining a  
4–5 cm pyloric cuff. The proximal remnant stomach was then 
revised just proximal to demarcation line between the right and left 
gastroepiploic artery.
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shaped anastomosis was performed with demonstrated 
feasibility and safety in initial experiences (Figure 2) 
(14,15). Conversely, reports of intracorporeal end-to-
end anastomosis after LAPPG were also published, where 
anastomosis was performed using a combination of a stapler 
and a hand-sewn procedure (16). 

Oncological safety of PPG 

Several retrospective reports with relatively a great many 
patients who underwent PPG consistently showed the 

oncological safety of PPG (17-21). PPG procedures that 
were evaluated those that preserved the nerve system and 
blood flow supply to the pyloric antrum for maintenance 
of the pyloric function, which resulted in incomplete 
lymph node dissection of the suprapyloric and infrapyloric 
lymph nodes. Although previous reports suggested that the 
probability of metastasis to the suprapyloric and infrapyloric 
lymph nodes from EGC located in gastric midbody as 
negligible, such limited lymph node dissection approaches 
during PPG might increase the risk of recurrence (22,23). 

The 5-year survival rates for EGC after gastrectomy with 

A B

C D

Figure 2 Delta-shaped anastomosis during LAPPG. (A) The anastomosis was created by inserting one arm of a 60-mm linear stapler from 
the hole on the greater curvature of each remnant stomach. The stapler was initially inserted into the proximal remnant and gradually shifted 
to the distal side. The stapler was partially closed while the staple lines on the cut ends were brought together anteriorly by the operator and 
assistant so that the anastomosis was formed between the posterior walls on either side. (B) The two sides of the anastomosis were formed by 
one firing with the remaining entry hole. (C) The entry hole of linear stapler was closed by two further firings of the linear stapler over the 
free ends of the gastric wall and three or four vertically opposed intracorporeal stay stiches. (D) After completion of the delta-anastomosis 
during laparoscopic pylorus-preserving gastrectomy, the staple lines on the cut ends of the oral and distal remnant stomach crossed to the 
staple line that closed the entry hole. LAPPG, laparoscopy-assisted pylorus-preserving gastrectomy.
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radical lymph node dissection were reported ranges from 
93% to 98% (24,25). Recently, several studies evaluating 
survival rates with PPG for EGC reported that 96% to 98% 
5-year survival rates (17,19), which were clearly in line with 
previous reports on mortality rates for EGC.

While an overall 3-year survival rate of 97.8% and a 
disease-specific 3-year survival rate of 99.3% in 188 patients 
treated by LAPPG were reported by Jiang et al., there 
is ongoing debate on whether PPG indications should 
always be applied for EGC and whether the prognosis of 
conventional DG is superior to PPG in these patients (18). 
Randomized controlled trials should resolve these clinical 
questions, and the Korean Laparoscopic Gastrointestinal 
Surgery Study (KLASS)-04, a multicenter randomized 
controlled trial which has been recruiting patients since 
July 2015, will determine the superiority of LAPPG to 
laparoscopic DG in postoperative QOL and survival rates of 
patients with EGC in the gastric midbody. Additionally, we 
recently reported the comparison of oncological outcomes 
with PPG and conventional DG for EGC in a multicenter 
propensity score-matched cohort analysis (20). Our findings 
indicated that the oncological safety of PPG for clinical 
T1N0 gastric cancer in the middle portion of the stomach 
was comparable to that of DG in cases with correctly 
estimated clinical tumor stage by the statistical method.

Gastric stasis after PPG 

PPG prevents postprandial symptoms such as dumping 
syndrome and alkaline reflux (9). However, delayed gastric 
retention due to aberrant pyloric function can occur during 
the early postoperative period in 23% to 40% of the patients 
who underwent PPG (26,27). Patients who underwent PPG 
sometimes report the feeling of gastric fullness, and some 
patients exhibit long-term retention of food in the residual 
stomach; however, some investigators claim that the vagal 
nerve and the infrapyloric artery should be preserved to 
prevent postoperative stasis, which is experienced by 6% 
to 8% of the patients (7,11). Specifically related to the rate 
of gastric stasis after LAPPG, the infrapyloric vein should 
prevent pyloric cuff edema, thus minimizing the incidence 
of gastric stasis; a study indeed investigated early clinical 
outcomes of LAPPG with preservation of the infrapyloric 
vein, not only infrapyloric artery (28). The incidence of 
both gastric stasis and transient delayed gastric emptying 
was significantly lower in patients who underwent LAPPG 
that preserved the infrapyloric artery and vein than in 
those who underwent LAPPG without the preservation of 

the infrapyloric vein. Conversely, length of the remaining 
pyloric cuff appears to have a certain degree of impact on 
postoperative outcomes after PPG, as severe postoperative 
edema of the pyloric cuff might impact gastric wall motility 
after PPG.

The length of the remnant pyloric cuff, which was 
initially preserved at 1.5 cm, has been increased to 3 cm 
or more in PPG procedures in recent years (5). However, 
Morita et al. reported that there were no pronounced 
differences in several functional parameters and symptoms 
after PPG between patients with a remnant pyloric cuff 
of less than 3 cm and those with a remnant pyloric cuff of 
more than 3 cm (29).

A multicenter survey-based study in Japan, which utilized 
the newly developed postgastrectomy syndrome assessment 
scale (PGSAS)-45, found that factors including a sufficient 
proximal gastric remnant minimized postgastrectomy 
symptoms following PPG (30). 

PG

With the recently increasing incidence of proximal gastric 
cancer in Asian countries (31-34), PG is widely accepted 
as a PPG in EGC (35-37). Some authors also argue that 
PG is not oncologically and functionally preferred to total 
gastrectomy for EGC that is located at the upper stomach. 
Total gastrectomy with extended lymphadenectomy (D2) 
is firmly established as the standard approach for gastric 
cancer involving the upper third of the stomach in Japan. 
Analysis of outcomes in patients with EGC treated by 
the standard Japanese D2 total gastrectomy in the 1980s 
showed that nodal metastasis in distal perigastric lymph 
nodes was rarely recognized (36); therefore, dissection 
of these nodes was considered not to be necessary. The 
Japanese Gastric Cancer Guideline for the treatment 
of gastric cancer in 2014 also recommended modified 
procedures including PG for cT1N0 gastric cancer as 
a surgical treatment option (1). Since the first report by 
Uyama et al. in 1995, laparoscopic PG has been increasingly 
performed, with several technical reports and small sample-
sized case studies already published (38-42). Conversely, 
PG is expected to preserve the reservoir function of the 
remnant distal stomach including the pyloric ring function 
that prevents duodenogastric reflux and to be associated 
with a lower rate of dumping syndrome (43-46). Patients 
who undergo PG may also suffer from heartburn or gastric 
fullness resulting in esophageal reflux, which could lead to a 
poor postoperative QOL (31,47).
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Reconstruction after PG

Several reconstruction methods can be adopted after PG, 
including esophagogastrostomy (38,39,45,46), jejunal 
interposition (JI) (43,44), and double-tract reconstruction 
(40,48). Esophagogastrostomy is the simplest reconstruction 
method; however, it is associated with a high risk of reflux 
esophagitis and gastroesophageal anastomotic stenosis 
(47,49). Tokunaga et al. conducted a questionnaire 

survey to evaluate these subjective symptoms after PG 
and determined that while JI might prevent endoscopic 
gastroesophageal reflux, it was also associated with higher 
incidence rates of subjective symptoms indicating delayed 
emptying (50). Thus, the authors concluded that EG was 
a superior reconstruction method based on subjective 
symptoms and length of surgery. However, several issues 
remain to be resolved including endoscopic esophagitis 
during the postoperative period. In that regard, a promising 
reconstruction method after PG was laparoscopically 
performed recently in Japan; esophagogastrostomy 
was performed using a hand-sewn procedure, and the 
esophagogastric junction was reconstructed with the 
double-flap technique to prevent reflux (Figures 3-6) (45,46). 
The original procedure that formed the basis for this 

Figure 3 The remnant stomach is withdrawn from the umbilical 
port site and a 2.5 cm × 3.5 cm seromuscular double-flap is created 
on the anterior wall of the remnant stomach, leaving a region 1–2 
cm from the proximal resection stump.

Figure 4 Esophago-gastrostomy is created at the lower edge of 
the flap. In doing so, the lower end of the esophagus is ultimately 
embedded within the stomach wall over a distance of 3–4 cm. 
Anastomosis is performed under laparoscopic guidance thereafter 
at the lower edge of the dissected surface. Continuous sutures are 
applied through all layers of the posterior esophageal wall and the 
mucosa of the remnant stomach flap detachment surface.

Figure 5 On the anterior wall, the esophagus and gastric wall at 
the lower end of the flap detachment surface is anastomosed layer-
by-layer using interrupted sutures.

Figure 6 To finish, the flap is positioned so that it covered the 
anastomosis site in a Y-shape, with the midline first anchored so 
that the flap covers the widest possible area. 
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method was designed for conventional open surgery. At our 
institute, we had favorable outcomes including morbidity 
and nutritional status after laparoscopic PG with the 
double-flap method compared with LATG (45). 

JI has several issues as well, which include technical 
complexity,  association with functional  disorders 
indicating delayed emptying and difficulty in endoscopic 
surveillance, particularly in patients with longer interposed  
segments (50).ouble-tract reconstruction is another 
complicated function-preserving procedure that remains 
unproven in potential functional advantages, especially 
the reservoir function (40). The KLASS-05 trial in Korea 
compares laparoscopic proximal gastrectomy (LAPG) with 
double-tract reconstruction and LTG. Primary endpoint is 
the change in hemoglobin level at 2-year postgastrectomy, 
and secondary endpoints are incidence rates of postoperative 
reflux esophagitis and anastomotic stricture, incidence of 
morbidity and mortality, QOL at two-year postgastrectomy, 
and three-year disease-free survival.

Finally, optimal reconstruction approaches following PG 
are a topic of ongoing debate.

Gastric cancer in the remnant stomach after PG

An important consideration in PG is the increased risk for 
remnant gastric cancer. The rate of remnant gastric cancer 
is higher after PG (3.6–9.1%) than that reported after DG 
(0.4–2.5%) (51-54). Aggressive endoscopic screening in 
asymptomatic patients leads to early detection and curative 
resection of gastric cancer in the remnant stomach (55-57).  
Intubation of endoscopy after esophagogastrostomy, 
which is not difficult, can be a challenging procedure after 
esophagojejunostomy, especially in patients with a longer 
interposed segment (50,58). Evaluation of the remnant 
stomach in patients with an interposed jejunum greater than 
10 cm in length remains challenging; therefore, surgeons 
performing PG with JI reconstruction should pay attention 
to the length of the interposed jejunal when considering 
endoscopic follow-up.

Subtotal gastrectomy with very small remnant 
stomach

With the increasing number of patients with EGC in the 
upper third of the stomach, laparoscopic total gastrectomy 
and PG are performed as minimally invasive surgical 
approaches. However, these procedures carry a high level of 
technical difficulty, especially if laparoscopic reconstruction is 

coupled with esophagojejunostomy or esophagogastrostomy. 
Higher postoperative anastomotic complication rates 
were also reported for LATG compared with LADG (59). 
Meanwhile, loss of the esophagogastric junction after LATG 
or LAPG is associated with esophageal reflux, which can 
have a significant effect on QOL. Jiang et al. evaluated the 
utility of laparoscopic subtotal gastrectomy with a very small 
remnant stomach in patients with EGC in the upper third 
stomach, in whom the distance between the proximal margin 
of the tumor and the esophagogastric junction was at least 3 
cm (60). We also evaluated the feasibility and the nutritional 
impact of LAsTG in comparison with LATG (61). We found 
that LAsTG was a better choice than LATG for EGC in 
the upper stomach due to improvements in the incidence 
of anastomotic complications and postoperative nutritional 
status. However, preserving a very small remnant stomach for 
EGC in the upper stomach raises several concerns including 
oncological safety and reconstruction techniques available for 
gastrojejunostomy with a limited remnant stomach.

Indication and oncological safety of LAsTG

The indications for LAsTG are: (I) EGC that was 
preoperatively diagnosed as cT1N0, located in or involving 
the upper third of the stomach; (II) less than 5 cm distance 
between the tumor and the esophagogastric junction, and the 
less than 3 cm distance between the remnant gastric stump 
and the esophagogastric junction. During tumor evaluation in 
patients who will undergo LAsTG, preoperative endoscopy is 
performed, and the proximal tumor margin should be marked 
by endoscopic clips and be confirmed as tumor-negative by 
step biopsy. In cases with a positive proximal margin biopsy, 
LATG would be selected instead of LAsTG.

Lymphatic flow from a tumor located in the upper 
stomach, especially in the posterior wall and the greater 
curvature, sometimes drains to lymph nodes located distal 
to the splenic artery via the posterior gastric artery and the 
splenic hilum. Therefore, tumors in the lesser curvature of 
the upper stomach fulfilling the abovementioned indications 
are predicted to be associated with favorable outcomes with 
LAsTG, as nearly all lymph nodes in the lesser curvature of 
the stomach can be dissected even during LAsTG, without 
any arterial sacrifice. 

Reconstruction techniques for gastrojejunostomy after 
LAsTG

Reconstruction methods to achieve gastrojejunostomy 
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are  another  obstac le  during LAsTG. Roux-en-Y 
gastrojejunostomy is the only available reconstruction 
procedure, as reflux after gastrectomy can be effectively 
avoided even if the size of the remnant stomach is very 
small. Side-to-side gastrojejunostomy during Roux-
en-Y reconstruction was usually performed with 60-mm 
linear staplers in reported studies on open or laparoscopic 
gastrectomy. However, Roux-en-Y reconstruction using a 
60-mm stapler requires a relatively large remnant stomach 
and sufficient blood supply from the short gastric artery 
due to the anastomotic site. Conversely, in patients with 
a very small remnant stomach, some of the short gastric 
arteries may be interrupted by stapling; therefore, a 45-mm 
stapler or a circular stapler should be used in LAsTG. We 
often utilize a modified technique with the OrVil system 
and a 25-mm circular stapler (Premium Plus CEEA stapler; 
Covidien Japan, Tokyo, Japan), which is a simple and time-
saving technique during anastomosis in cases with a narrow 
anastomosis site in the remnant stomach. Embedding of 
the anvil rod in the greater curvature of the gastric stump 
is an important aspect of this technique, as it allows for the 
formation of a safe anastomosis with minimal tension.

Local resection of the stomach 

Endoscopic submucosal dissection (ESD) is accepted as a 
less invasive local resection approach in EGC cases that 
carry a negligible risk of lymph node metastasis (62,63). 

Based on the estimated risk of lymph node metastasis in 
EGC determined by a large number of surgical cases (64,65), 
the criteria for ESD in EGC has been expanded to include 
larger lesions of intramucosal cancer (>21 mm in diameter) 
or ulcerated lesions. However, ESD is still a complicated 
procedure, and the expanded indications for ESD were 
found to be associated with higher incidence rates of 
bleeding and perforation, particularly in large EGC lesions, 
as well as longer operation times (66-68).

Before the development of ESD, some patients with 
EGC underwent local resection of the stomach using a 
lesion-lifting technique (69-73). However, indications 
for this approach rapidly decreased due to problems with 
determination of the exact tumor dissection line while 
maintaining safe cutting margins; ESD subsequently became 
the main treatment of EGC (70). Theoretically, dissection 
of any lesion is possible with ESD, regardless of the size of 
the tumor or the presence of ulcerative changes. However, 
ESD remains a complicated technique that requires a high 
level of skill from endoscopists, especially for larger lesions. 
Difficulty in reaching the gastric wall and collection of 
fluids including blood and/or gastric juices hinder ESD 
performance and results in low rates of complete removal of 
EGC lesions as intact specimens (67,68). 

With the aim to appropriately resect the gastric wall, 
we developed the laparoscopic and endoscopic cooperative 
surgery (LECS) technique for the dissection of submucosal 
tumors of the stomach (74). In LECS, first, tumor 
location is confirmed endoscopically, which is followed 
by submucosal dissection using intraluminal endoscopy 
to determine the appropriate resection line. Next, the 
seromuscular layer is dissected laparoscopically, and the 
incision line is closed using a laparoscopic stapling device. 
Nunobe et al. used LECS in a case with laterally spreading 
intramucosal gastric cancer that fulfilled the extended 
criteria of ESD according to Japanese gastric cancer 
treatment guidelines (Figures 7-9) (1,75). 

With LECS for epithelial neoplasms, it is critical to 
ensure that no tumor cells are seeded in the peritoneal 
cavity. To prevent any contact with the visceral tissue, 
tumor is turned towards the intragastric cavity by traction 
on the stiches at the edge of the resected specimen, and 
resection line of the stomach is pulled up like a bowel by 
several stiches. Only gastric perforation during ESD for 
gastric cancer has been reported not to lead to peritoneal 
dissemination even with long-term observation (76).

To reduce the risk of cancer cell seeding through 
the open gastric wall, several full-thickness gastric wall 

Figure 7 After a small initial incision is made using a standard 
needle knife, the tip of the insulation-tipped diathermic 
electrosurgical (IT-2) knife is inserted into the submucosal layer. 
Then, the marked area is cut circumferentially using the IT-2 in 
the 80-W Pulse-Cut slow mode.
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resection approaches utilizing non-exposure techniques 
such as the CLEAN-NET and the NEWS have been 
developed (77,78). CLEAN-NET achieves full-thickness 
resection of the stomach wall using only laparoscopy 
and is followed by endoscopy to confirm the dissection 
line. Conversely, NEWS utilizes endoscopy to assist the 
laparoscopic approach. However, as the mucosal layer shifts 

significantly from the seromuscular layer during surgery, the 
muscular and the seromuscular layers may be incorrectly 
dissected using the CLEAN-NET and NEWS techniques. 
Indications of LECS techniques, including inverted LECS, 
CLEAN-NET and NEWS, for EGC might be extended 
in the future, with establishment of sentinel lymph node 
assessment for surgical treatment of gastric cancer. This 
approach should result in decreased failure rates of 
gastrectomy in the treatment of gastric cancer. 

In summary, FPG has the potential to increase QOL in 
EGC. However, several issues such as precise estimation of 
preserved function, confirmation of oncological safety, and 
standardized techniques for FPG including laparoscopic 
procedures need to be strictly addressed. Therefore, there 
is a need for several well-designed, prospective cohort and 
randomized studies.
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