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Abstract
Recent advances in diagnostic techniques have allowed 
the diagnosis of gastric cancer (GC) at an early stage. 
Due to the low incidence of lymph node metastasis and 
favorable prognosis in early GC, function-preserving 
surgery which improves postoperative quality of life 
may be possible. Pylorus-preserving gastrectomy (PPG) 
is one such function-preserving procedure, which is 
expected to offer advantages with regards to dumping 
syndrome, bile reflux gastritis, and the frequency of 
flatus, although PPG may induce delayed gastric emp-
tying. Proximal gastrectomy (PG) is another function-
preserving procedure, which is thought to be advanta-
geous in terms of decreased duodenogastric reflux and 
good food reservoir function in the remnant stomach, 
although the incidence of heartburn or gastric fullness 
associated with this procedure is high. However, these 
disadvantages may be overcome by the reconstruction 
method used. The other important problem after PG is 
remnant GC, which was reported to occur in approxi-
mately 5% of patients. Therefore, the reconstruction 
technique used with PG should facilitate postoperative 

endoscopic examinations for early detection and treat-
ment of remnant gastric carcinoma. Oncologic safety 
seems to be assured in both procedures, if the preoper-
ative diagnosis is accurate. Patient selection should be 
carefully considered. Although many retrospective stud-
ies have demonstrated the utility of function-preserving 
surgery, no consensus on whether to adopt function-
preserving surgery as the standard of care has been 
reached. Further prospective randomized controlled 
trials are necessary to evaluate survival and postopera-
tive quality of life associated with function-preserving 
surgery.
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Core tip: We reviewed the current status of two func-
tion-preserving surgeries for gastric cancer (GC), pylo-
rus-preserving surgery and proximal gastrectomy (PG). 
Although both procedures appear to be oncologically 
safe for early GC, issues regarding postoperative qual-
ity of life remain, especially with PG. The effect of the 
reconstruction method after PG on postoperative qual-
ity of life was analyzed, including the novel double tract 
reconstruction method, which is expected to overcome 
disadvantages associated with esophagogastrostomy 
and jejunal interposition reconstruction. Although some 
reports showed a benefit with function-preserving sur-
gery, further randomized trials are needed.
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INTRODUCTION
Recent developments in screening programs and endo-
scopic techniques have allowed the diagnosis of  gastric 
cancer (GC) at an early stage[1]. Early GC (EGC) makes 
up 50% of  the diagnosed cases and the five-year survival 
rate of  EGC treated with surgery is over 90% in Japan[2]. 
Due to the low incidence of  lymph node metastasis and 
the favorable prognosis of  EGC, areas of  gastric resec-
tion and lymph node dissection areas could be reduced 
to preserve postoperative gastric function. Although the 
Japanese GC treatment guidelines advocate resection 
of  at least two-thirds of  the stomach with D2 node dis-
section as the standard treatment for most stages of  ad-
vanced GC, the guidelines also describe less invasive pro-
cedures such as pylorus-preserving gastrectomy (PPG), 
proximal gastrectomy (PG), and other minimally invasive 
procedures as investigational treatments (Figure 1)[3]. 

Here we review PPG and PG as function-preserving 
procedures for GC.

Ppg
PPG was initially used to treat peptic ulcers[4]. Starting in 
the late 1980s, some surgeons performed PPG in selected 
patients with EGC to improve postoperative gastric func-
tion and maintain patient quality of  life[5]. PPG is gener-
ally thought to offer several advantages over conventional 
distal gastrectomy (DG) with Billroth I reconstruction in 
terms of  the incidence of  dumping syndrome, bile reflux 
gastritis, and the frequency of  flatus, although the opera-
tive duration of  PPG is longer than that of  DG.

During the procedure, the distal part of  the stomach 
is resected, but a pyloric cuff  2-3 cm wide is preserved[6,7]. 
The right gastric artery and the infrapyloric artery are 
preserved to maintain the blood supply to the pyloric 
cuff. In addition, the hepatic and pyloric branches of  the 
vagal nerves are preserved to maintain pyloric function. 
The celiac branch of  the posterior vagal trunk is some-
times preserved. All regional nodes except the suprapy-
loric nodes (No. 5) should be dissected as in the standard 
D2 procedure. However, there are technical challenges 
associated with completing all of  these procedures. Shi-
bata et al[8] conducted a questionnaire survey on the PPG 
procedure in Japanese institutions. According to their 
report, the vagus nerve was preserved at 73.5% of  the in-
stitutions, the infrapyloric artery was preserved in 49.4%, 
and partial dissection of  the suprapyloric lymph nodes 
was performed in 56.2%. These differences in the proce-
dure may affect postoperative gastric function after PPG, 
leading to postoperative symptoms.

Indications and oncologic safety 
of PPG
Since function-preserving surgeries such as PPG are usu-
ally less extensive, patient selection for these procedures 
should be carefully considered in terms of  oncologic 

safety. In particular, in order to maintain pyloric cuff  
function with PPG, lymph nodes at the suprapyloric and 
infrapyloric stations may be incompletely dissected due 
to preservation of  the right gastric artery, the infrapyloric 
artery, and the hepatic and pyloric branches of  the vagus 
nerves[9-11].

In general, PPG is performed in patients who are 
preoperatively diagnosed with cT1N0M0 primary GC in 
the middle third of  the stomach when the distal border 
of  the tumor is approximately 4-5 cm away from the 
pylorus[9-12]. This indication is based on the incidence of  
lymph node metastasis in patients who have undergone 
conventional gastrectomy[13-16]. 

Kim et al[17] reported that the incidence of  lymph node 
metastasis at the suprapyloric and infrapyloric stations 
in EGC located in the middle third of  the stomach after 
PPG and conventional DG was 0.45% (1/220) and 0.45% 
(1/220), respectively. In addition, Kong et al[18] showed 
that the incidence of  lymph node metastasis at the supra-
pyloric and infrapyloric stations in EGC located ≥ 5 cm 
from the pylorus was 0.46% (1/219) and 0.90% (2/221), 
respectively. Both studies also found that the mean num-
ber of  suprapyloric lymph nodes dissected was signifi-
cantly lower after PPG than that with conventional DG, 
but no significant difference was found for infrapyloric 
lymph nodes. However, incomplete dissection of  lymph 
nodes at the suprapyloric station is considered acceptable 
because of  the low incidence of  metastasis. Therefore, 
patients who are clinically diagnosed with T1N0 disease 
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Figure 1  extent of D1+ lymph node dissection in pylorus-preserving gas-
trectomy and proximal gastrectomy. A: Total gastrectomy; B: Distal gastrec-
tomy; C: Pylorus-preserving gastrectomy; D: Proximal gastrectomy. The number 
of lymph node stations is according to the classification of the Japanese Gastric 
Cancer Association. 
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could be candidates for PPG without suprapyloric lymph 
node dissection.

The five-year survival rate after PPG with modi-
fied D2 lymph node dissection ranges from 95% to 
98%[10,11,19-21]. This rate is comparable to the five-year sur-
vival rate after gastric resection for EGC, which ranges 
from 90% to 98%[2,22,23]. In terms of  oncologic safety, 
PPG seems reasonably safe for EGC when the accuracy 
of  preoperative diagnosis can be assured.

Postoperative symptomatic 
outcomes after PPG
The advantage of  PPG is the prevention of  post-
gastrectomy symptoms such as dumping syndrome and 
bile reflux gastritis, as well as reduced frequency of  flatus. 
As shown in Table 1, the ratio of  dumping syndrome 
and bile reflux gastritis was quite low in PPG compared 
to DG. However, delayed gastric emptying (DGE) after 
PPG resulting in patient-reported gastric fullness could 
be a disadvantage of  PPG[21,24-30], which make PPG inap-
propriate in elderly patients and those with hiatus hernia 
or esophagitis[29,30]. The incidence of  gastric stasis after 
PPG based on endoscopic studies ranges from 19% to 
70%, compared to 13% to 36% after DG. Michiura et 
al[31] showed that food intake along with DGE was im-
proved with time. Moreover, the reservoir function of  
the remnant stomach may promote better body weight 
(BW) recovery after PPG than after DG with Billroth I 
reconstruction[21,24,25,27,28].

Preserving the vagal nerve and the infrapyloric artery 
is thought to prevent gastric stasis[10,32,33], although these 
techniques have not been evaluated in randomized clini-
cal trials. The length of  the pyloric cuff  is another impor-
tant factor with regards to preservation of  pyloric func-
tion. Nakane et al[34] reported that retaining a pyloric cuff  
of  2.5 cm results in a lower incidence of  postoperative 

stasis compared to retaining a pyloric cuff  of  1.5 cm as 
severe postoperative edema of  the pyloric cuff  might af-
fect gastric wall motility after PPG. Morita et al[24] showed 
that retaining a pyloric cuff  over 3 cm did not affect the 
incidence of  postoperative stasis compared to retaining 
a pyloric cuff  of  less than 3 cm. At Japanese institu-
tions, the retained pyloric cuff  is usually between 2 and 4 
cm[8,35]. Moreover, Hiki et al[6] argued that the infrapyloric 
and right gastric veins should be preserved to maintain 
blood flow in order to prevent postoperative edema of  
the pyloric cuff. Complete dissection of  both veins could 
induce severe edema of  the pyloric cuff, resulting in 
long-term postoperative retention of  food in the residual 
stomach.

Pg
The incidence of  proximal GC has increased in recent 
years[36]. Total gastrectomy (TG) and PG with lymph 
node dissection are both performed for EGC located in 
the upper third of  the stomach (U-EGC). In a retrospec-
tive study of  Japanese institutions, Takiguchi et al[37] found 
that a quarter of  the 586 patients with U-EGC under-
went PG. 

PG is generally thought to offer advantages over con-
ventional TG with Roux-en-Y reconstruction in terms of  
retention of  food in the remnant stomach. On the other 
hand, heartburn or gastric fullness due to esophageal re-
flux or gastric stasis is a potential disadvantage. However, 
these advantages and disadvantages depend on the recon-
struction method used. 

During the procedure, all regional nodes except the 
splenic hilar nodes (No. 10), the distal splenic nodes (No. 
11d), the suprapyloric nodes (No. 5), and the infrapyloric 
nodes (No. 6) are dissected, although the dissection of  
the distal lesser curvature nodes (No. 3) and the right 
gastroepiploic artery (No. 4d) is incomplete. The hepatic 
and pyloric branches of  the vagal nerve are preserved to 
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Table 1  Postoperative symptomatic outcomes after pylorus-preserving surgery

Ref. Procedure No. of 
patients

Endoscopic findings (%) Symptom (%) Change of body 
weight (%)

Esophagitis Food residue Bile reflux Gastritis Reflux Fullness Dumping

Matsuki et al[21], 2012 PPG 433 11 19   3 11   6   2 94

Morita et al[24], 2013 PPG 408   6 28 12 10   6   9   4 92

Ikeguchi et al[25], 2010 PPG   24 35 71   0   4   0 97
DG-B1   30 26 16   3 10 10 90

Park do et al[26], 2008 PPG   22   0 0 32 32
DG-B1   17 25 17 46 40

Nunobe et al[27], 2007 PPG 194   6 22   7 12   7 10    93.9
DG-B1 203   2 13   8   8   6 13    90.2

Tomita et al[28], 2003 PPG   10   0 60 10   0 40   0    94.3
DG-B1   22 23 18 64 68 18 23    91.3

Yamaguchi et al[29], 2004 PPG   28 61 28 20 44 12    94.6
DG-B1   58 33 57 27 36 36    91.3

Nakane et al[30], 2000 PPG   25   4 56   4   8   4 35   0 90
DG-B1   25   8 36 40 68   0 0   4 93

PPG: Pylorus-preserving surgery; DG: Distal gastrectomy; B1: Billroth-I reconstruction.
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90.5% to 98.5%[41-47]. Some studies have demonstrated 
that PG confers a survival benefit comparable to that of  
TG, the standard procedure for GC located in the upper 
third of  the stomach[41,46-48]. Therefore, PG seems onco-
logically safe for EGC.

Postoperative symptomatic 
outcomes after PG
PG is generally thought to offer several advantages over 
conventional TG with Roux-en-Y reconstruction (Table 
2). Ichikawa et al[49] reported that reduced food intake 
volume occurred less often in patients who underwent 
PG compared to TG. Masuzawa et al[41] reported that 
postoperative nutritional status as analyzed by blood 
tests such as serum albumin and hemoglobin was better 
after PG than TG. However, no studies have shown a 
superior outcome with PG as compared to TG in terms 
of  postoperative BW, with the exception of  one study 
which compared PG with jejunal interposition (JI) for 
reconstruction and TG at one year after surgery[41,42,47]. 
Moreover, compared to TG, PG was associated with a 
much higher rate of  complications such as heartburn 
and anastomotic stenosis, which led An et al[47] to con-
clude that PG is not a better option for U-EGC than 
TG[46]. However, the reconstruction method was limited 
to esophagogastrostomy (EG) in these reports which 
did not demonstrate that PG was better. Therefore, the 
evaluation of  other reconstruction methods is necessary.

Currently, three procedures, TG with Roux-en-Y 
reconstruction (TG-RY), PG-EG, and PG-JI, are widely 

maintain the function of  the remnant stomach and pylo-
rus as in PPG[7].

Indications and oncologic safety 
of PG
In general, to maintain both curability and functional 
capacity of  the remnant stomach, PG is performed in pa-
tients who are preoperatively diagnosed with cT1N0M0 
primary GC in the upper third of  the stomach when at 
least half  of  the stomach can be preserved[38]. 

In patients undergoing PG, the lymph nodes in the 
lesser curvature (No. 3) and near the right gastroepiploic 
artery (No. 4d) are incompletely dissected. Thus, the sur-
gical curability of  GC may be lower with PG than with 
TG. However, Ooki et al[39] reported that proximal GC 
confined to the muscularis propria (mp) is not associated 
with lymph node metastasis at the right gastroepiploic 
artery (No. 4d), suprapyloric (No. 5), or infrapyloric (No. 
6) stations. Sasako et al[40] reported that after curative gas-
trectomy, lymph node metastasis occurs at the suprapylo-
ric and infrapyloric stations in patients with GC located 
in the upper third of  the stomach in approximately 3% 
and 7% of  cases, respectively. Although these percentages 
seem high, approximately half  of  the patients had T2 or 
more advanced GC and the incidence of  metastasis may 
be lower in patients with EGC. Therefore, patients who 
are clinically diagnosed with T1N0 disease could be can-
didates for PG without dissection of  the right gastroepi-
ploic artery, suprapyloric, and infrapyloric lymph nodes.

The five-year survival rate after PG ranges from 
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Table 2  Postoperative symptomatic outcomes after proximal gastrectomy

Ref. Procedure No. of 
patients

Endoscopic findings (%) Symptom (%) Change of body 
weight (%)

Esophagitis Stenosis Food residue Reflux Fullness Dumping

Masuzawa et al[41], 2014 PG-EG   49 18 16   0 87
PG-JI   32 16   0   0 86

TG-RY 122 12   3   8 85
Nozaki et al[42], 2013 PG-JI 102   3 32 88

TG-RY   49   2 86
Katai et al[43], 2010 PG-JI 128   2   9   6   3    88.9
Katai et al[44], 2003 PG-JI   45   0   4   9    88.5
Tokunaga et al[45], 2008 PG-EG   36 30

short-PG-JI   18   9
long-PG-JI   22   0

Ahn et al[46], 2013 LAPG-EG   50 32 12
LATG-RY   81   4   5

An et al[47], 2008 PG-EG   89 29 38    86.4
TG-RY 334   2   7    87.4

Yoo et al[48], 2004 PG-EG   74 16 35
TG-RY 185   1   8

Tokunaga et al[50], 2009 PG-EG   38   8   3 86
PG-JI   45   9 22 86

Ahn et al[52], 2013 LAPG-EG   50   8 32 94
LAPG-DT   43   5 49   5 12    96.3

Nomura et al[53], 2014 PG-JI   10 10   0 30    91.2
PG-DT   10 10 10 20    87.1

LAPG: Laparoscopy-assisted proximal gastrectomy; LATG: Laparoscopy-assisted total gastrectomy; PG: Proximal gastrectomy; TG: Total gastrectomy; EG: 
Esophagogastrostomy reconstruction; RY: Roux-en-Y reconstruction; JI: Jejunal interposition reconstruction; DT: Double tract reconstruction. 
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used to treat U-EGC in Japan (Figure 2, Table 3)[37]. 
Double tract (DT) reconstruction and jejunal pouch 
reconstruction have also been used in a small number 
of  patients. A survey of  Japanese institutions regarding 
reconstruction methods after PG showed that the most 
frequently used method was EG (48%), followed by JI 
(28%), DT (13%), and pouch reconstruction (7%)[35]. 

PG-EG is the simplest procedure since there is a 
single anastomotic site, but it is associated with a high 
incidence of  reflux esophagitis[46,47]. PG-JI may prevent 
regurgitation of  the gastric contents, resulting in a lower 
incidence of  reflux esophagitis, but the procedure is 
slightly complicated. Several studies have compared the 
postoperative outcomes of  PG-EG and PG-JI. The in-
cidence of  esophageal reflux as evaluated by endoscopic 
findings and symptoms was reported to be lower after 
PG-JI compared to PG-EG[41,45]. However, the ques-
tionnaire conducted by Tokunaga et al[50] showed that 
abdominal fullness was more frequently observed after 
PG-JI than after PG-EG, because the interposed jejunum 
may prevent the smooth passage of  food. The length of  
interposed jejunum is important in preventing esophageal 
reflux, but a longer length may induce abdominal fullness.

The other important problem after PG is remnant 
GC (RGC). Ohyama et al[51] reported that RGC was ob-
served in 5% of  316 patients after PG. They also showed 
that advanced RGC was more likely in patients after PG-
JI with a longer length of  interposed jejunum (> 15 cm) 
or PG-DT, and cancer-related death was only observed 

in patients who underwent these reconstruction methods. 
Tokunaga et al[45] reported that endoscopic evaluation of  
the remnant stomach could not be performed in 50% of  
patients after PG-JI with interposed jejunum > 10 cm, 
compared to 22% in patients after PG-JI with interposed 
jejunum ≤ 10 cm. They concluded that a length of  10 
cm or shorter is preferable for endoscopic evaluation of  
the remnant stomach. The type of  reconstruction chosen 
after PG should facilitate postoperative endoscopic ex-
aminations for early detection and treatment of  RGC.

PG-DT has been attempted to improve postoperative 
outcomes after PG. PG-DT has three anastomotic sites; 
esophagojejunostomy, jejunogastrostomy and jejunoje-
junostomy. The length of  interposed jejunum is from 10 
to 20 cm between esophagojejunostomy and jejunogas-
trostomy, and about 20 cm between jejunogastrostomy 
and jejunojejunostomy. Food passes through the remnant 
stomach or the jejunum by two routes in PG-DT. PG-DT 
is thought to offer the same advantages as PG-JI, includ-
ing the prevention of  esophageal reflux, but it is expected 
to be better than PG-JI with regards to DGE, because an 
alternative route for food exists if  DGE occurs. Only a 
few studies have analyzed postoperative outcomes after 
PG-DT. Ahn et al[52] evaluated postoperative complica-
tions after PG-DT compared to PG-EG; they concluded 
that PG-DT is a feasible, simple, and novel method. They 
showed that the incidence of  anastomotic stenosis and 
reflux symptoms was lower after PG-DT than PG-EG 
and BW was better maintained. Nomura et al[53] evaluated 
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Figure 2  Reconstruction methods after proximal gastrectomy. A: Esophagogastrostomy; B: Jejunum interposition; C: Double tract. 
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Table 3  Comparison of the reconstruction methods after proximal gastrectomy

PG-EG PG-JI PG-DT

Advantage Short operation time Low incidence of reflux esophagitis Low incidence of reflux esophagitis
Low incidence of DGE

Disadvantage High incidence of reflux esophagitis Long operation time Long operation time
High incidence of anastomotic stenosis High incidence of DGE Sometimes difficult for endoscopic evaluation of 

remnant stomach

PG: Proximal gastrectomy; EG: Esophagogastrostomy reconstruction; JI: Jejunal interposition reconstruction; DT: Double tract reconstruction; DGE: 
Delayed gastric emptying. 
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postoperative outcomes after PG-DT vs PG-JI. Although 
their study had a small sample size, they showed that the 
BW ratio was significantly higher in the PG-JI group than 
in the PG-DT group. The incidence of  esophageal reflux 
was 10% in both groups. Further studies are needed to 
assess the clinical utility of  PG-DT.

CONCLUSION
Function-preserving surgery has already been performed 
in some of  the high volume institutions in Japan and 
South Korea, and it seems to be useful in terms of  post-
operative quality of  life and oncologic safety. However, 
indications should be carefully considered, because 
function-preserving surgery usually involves less exten-
sive procedures, resulting in the possibility of  inadequate 
treatment for more deeply invasive tumors. Preoperative 
evaluation is very important in selecting the appropriate 
candidates for function-preserving surgery.

Laparoscopy-assisted PPG and PG has several ad-
vantages over conventional PPG and PG in terms of  
reduced intraoperative blood loss, postoperative pain 
and fast recovery from invasive surgery[54,55]. Since some 
studies reported that the oncological curability was as-
sured[33,56,57], laparoscopic function-preserving gastrec-
tomy is considered to be feasible by surgeons with suf-
ficient experience in laparoscopic gastrectomy.

Many retrospective studies have shown the useful-
ness of  function-preserving surgery, but there has been 
no consensus to adopt function-preserving surgery as 
the standard of  surgery. To establish function-preserving 
surgery as the gold standard for patients with EGC, pro-
spective randomized controlled trials that compare PPG 
or PG with conventional gastrectomy and evaluate sur-
vival and postoperative quality of  life are necessary.
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