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Abstract
AIM: To compare the short-term outcomes of patients 
who underwent proximal gastrectomy with jejunal in-
terposition (PGJI) with those undergoing total gastrec-
tomy with Roux-en-Y anastomosis (TGRY).

METHODS: From January 2009 to January 2011, thir-
ty-five patients underwent PGJI, and forty-one patients 
underwent TGRY. The surgical efficacy and short-term 
follow-up outcomes were compared between the two 
groups.

RESULTS: There were no differences in the demographic 
and clinicopathological characteristics. The mean op-
eration duration and postoperative hospital stay in the 
PGJI group were statistically longer than those in the 
TGRY group (P  = 0.00). No anastomosis leakage was 
observed in two groups. No statistically significant dif-
ference was found in endoscopic findings, Visick grade 
or serum albumin level. The single-meal food intake in 
the PGJI group was more than that in the TGRY group (P  
= 0.00). The PG group showed significantly better he-
moglobin levels in the second year (P  = 0.02). The two-
year survival rate was not significantly different (PGJI vs  

TGRY, 93.55% vs  92.5%, P  = 1.0).

CONCLUSION: PGJI is a safe, radical surgical method 
for proximal gastric cancer and leads to better out-
comes in terms of the single-meal food intake and he-
moglobin level, compared with TGRY in the short term.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: For proximal gastric cancer, total gastrectomy 
is widely accepted because of the lower incidence of 
reflux esophagitis. However, the continuity of the di-
gestive tract, food storage and nutritional status should 
be considered after radical surgery for proximal gastric 
cancer. We conducted this study to compare proximal 
gastrectomy with jejunal interposition (PGJI) and total 
gastrectomy with Roux-en-Y anastomosis (TGRY) for 
proximal gastric cancer. Based on our two-year follow-
up, the single-meal food intake in the PGJI group was 
more than that in the TGRY group, and the hemoglobin 
level was well maintained in the PGJI group. The two-
year survival rate was not significantly different.
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INTRODUCTION
Gastric cancer is estimated to be the fourth most com-
mon cancer and the second most frequent cause of  
cancer death in the world[1]. In both Western and Asian 
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countries, the incidence of  cancer in the upper third of  
the stomach has been increasing recently[2-5]. Proximal 
gastrectomy with gastroesophagectomy (PGGE) and to-
tal gastrectomy with Roux-en-Y anastomosis (TGRY) are 
the most common surgical approaches for cancer located 
in the upper third of  the stomach[6-12]. As a function-pre-
serving operation, PGGE can retain the distal stomach, 
but a high incidence of  reflux esophagitis is observed by 
endoscopic examination[13-16]. TGRY can reduce the in-
cidence of  reflux esophagitis but is associated with post-
operative dumping syndrome and poor food intake[17-19]. 
However, the continuity of  the digestive tract, food 
storage and nutritional status should be considered after 
radical surgery for proximal gastric cancer. A sphincter-
substituting reconstruction called jejunal interposition 
after proximal gastrectomy has been reported in certain 
studies[13,20-27]. Theoretically, this modified surgical method 
can minimize reflux symptoms and improve food intake 
compared with the two above-mentioned surgical meth-
ods. However, these reports differ in their conclusions. 
We conducted this study to compare proximal gastrec-
tomy with jejunal interposition (PGJI) to TGRY in terms 
of  surgical duration, surgical complications, postoperative 
hospital stay, Visick grade, food intake, endoscopic find-
ings, and nutrition status.

MATERIALS AND METHODS
Patient indications
The patients’ indications were as follows: (1) tumors of  
all patients must be located in the upper third of  the 
stomach; (2) clinically staged as T1-2N0M0; (3) estimated 
to have more than half  of  the stomach remained; and (4) 
be voluntary and sign an informed consent form.

Study design
Seventy-six patients were included in our study between 
January 2009 and January 2011 in our department. All 
patients had to undergo electronic gastroscopy, a gas-
trointestinal barium meal, computed tomography and 
a histopathological examination before the operation. 
Based on the admission time, these patients were semi-
randomly classified into two groups: PGJI and TGRY. 
No organ was subjected to a combined resection such as 
splenectomy and cholecystectomy in our study. All the 
patients underwent R0 resection, and tumor rupture was 
not apparent during the surgery. The lower edge of  the 
tumor was at least 5 cm. The resected specimens in our 
study were classified according to the AJCC cancer stag-
ing guidelines (7th ed)[28]. In this study, 35 patients under-
went PGJI, and 41 patients underwent TGRY. The char-
acteristics of  these patients, such as gender, age, surgical 
duration, pathological stage, common complications, 
hospital stay and outcomes of  follow-up were collected. 
The study obtained IRB approval.

Surgical procedures
PGJI: For the proximal gastrectomy, the stomach was 

transected at least 5 cm from the lower edge of  the tu-
mor, and the esophagus was transected 3-4 cm from the 
cardia. Concurrently, the D2 lymph nodes, which were 
defined in the AJCC cancer staging guidelines, were dis-
sected. After the jejunum was divided 30 cm distal to the 
ligament of  Treitz, the distal jejunum was placed poste-
rior to the transverse colon. An end-to-side anastomosis 
was performed. One 25 mm circular stapler was used for 
the esophagojejunostomy, and one 100 mm closure was 
used for the jejunal stump. The side-to-side gastrojeju-
nostomy was performed 20 cm distal from the esophago-
jejunostomy site. The end-to-side jejunojejunostomy was 
performed 20-30 cm distal to the gastrojejunostomy site. 
Two 25 mm circular staplers and two 100 mm closures 
were used for the gastrojejunostomy and jejunojejunos-
tomy (Figure 1).

TG: After the total gastrectomy and the D2 lymph node 
dissection were completed, the jejunum was transected 
30 cm distal to the ligament of  Treitz and placed poste-
rior to the transverse colon. Esophagojejunostomy with 
one 25 mm circular stapler and one 100 mm closure was 
performed. Jejunojejunostomy with one 25 mm circular 
stapler and one 100 mm closure was performed 50-60 cm 
distal from the anastomosis site (Figure 2).

Statistical analysis
The SPSS 19.0 statistical package was used to perform 
all statistical analyses. All data are presented as mean and 
standard deviation. For categorical variables, Pearson’s χ 2 
test and Fisher’s exact test were used. For continuous variables, 
Student’s t-test was used. A P value less than 0.05 was con-
sidered significant.

RESULTS
The patient characteristics are listed in Table 1. Seventy-
six patients with gastric cancer were included in our 
study. In the PGJI group, the median patient age was 
56.97 years, and there were 22 men and 13 women; in the 
TGRY group, the median patient age was 56.19 years, and 
there were 30 men and 11 women. There was no signifi-
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Figure 1  Jejunal interposition reconstruction after proximal gastrectomy. 
A: Interposed jejunum; B: Remnant stomach; C: Distal jejunum.
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cant difference between the PGJI group and the TGRY 
group in age or sex. The mean surgical duration was 
significantly longer in the PGJI group (PGJI vs TGRY: 
205.08 min vs 152.73 min; P = 0.00). No differences were 
observed between the two groups for lymph nodes dis-
sected (PGJI vs TGRY: 29.80 vs 31.12; P = 0.16), histo-
logical grade (P = 0.45) or pathological stage (P = 0.92). 
Anastomosis leakage was not found in the two groups. 
There was a marked difference in the hospital stay (from 
the first day in the hospital to discharge) between the 
PGJI group and the TGRY group (PGJI vs TGRY: 17.31 
vs 16.39; P = 0.003).

At approximately the sixth month after surgery, 31 

patients completed endoscopic examinations in the PGJI 
group, and 40 patients completed endoscopic examina-
tions in the TGRY group. Reflux esophagitis was found 
in two PGJI patients, and in two TGRY patients. The dif-
ference was not statistically significant (P = 0.59). Anasto-
motic inflammation was found in 20 PGJI patients and in 
23 TGRY patients. However, no obvious symptoms were 
found in any group, and the difference was not statisti-
cally significant (P = 0.56). One PGJI patient was found 
to have an anastomotic ulcer and cured by administration 
of  a proton pump inhibitor for four weeks (Table 2). The 
Visick grading system was used to evaluate the postop-
erative quality of  life; these outcomes are listed in Table 3. 
The difference was not statistically significant (P = 0.58; 
P = 0.36).

In the twelfth month after surgery, the single meal 
food intake of  28 PGJI patients and 20 TGRY patients 
was same as before surgery, and the difference was sig-
nificant, with a P value of  0.00 (Table 4). With respect 
to the postoperative indicators of  nutritional status, the 
hemoglobin and serum albumin levels sharply decreased, 
and then gradually increased during the second year after 
the surgery. In the second year after surgery, the differ-
ence in the hemoglobin levels was statistically significant. 
The difference in the serum albumin levels was not statis-
tically significant during the two-year follow-up (Table 5).

Seventy-one patients completed the follow-up. Two 
patients died from retroperitoneal metastasis in the PGJI 
group. One patient died from liver metastasis, one patient 
from retroperitoneal metastasis and one patient from 
malnutrition in the TGRY group. The 2-year survival rate 
was not statistically significant (PGJI vs TGRY: 93.55% vs 
92.5%; P = 1.0).
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Figure 2  Total gastrectomy with Roux-en-Y anastomosis. A: Roux jejunum; 
B: Duodenal stump. 

Table 1  Characteristics of the patients

Characteristic Proximal 
gastrectomy with 

jejunal interposition 
(n  = 35)

Total gastrectomy 
with Roux-en-Y 

anastomosis 
(n  = 41)

P  
value 

Age (yr)   57.26 ± 9.71     56.19 ± 11.42 0.67
Gender (M/F) 22:13 30:11 0.34
Surgical duration(min) 205.08 ± 7.60 152.73 ± 7.16 0.00
Lymph nodes dissected   29.80 ± 3.85   31.12 ± 4.40 0.16
Anastomosis leakage   0   0
Surgical site infection   0   0
Postoperative hemorrhage   0   0
Hospital stay (d) 17.31 ± 1.39 16.39 ± 1.22   0.003
Histological grade (n) 0.45
   G1/G2 (differentiated) 14 13
   G3/G4 (undifferentiated) 21 28
Pathological T factor 0.92
   pT1 10 14
   pT2   7   6
   pT3 17 20
   pT4   1   1
Pathological N factor 0.45
   pN0 28 32
   pN1   6   9
   pN2   1   0
   pN3   0   0
Pathological stage 0.55
   ⅠA 10 14
   ⅠB   3   1
   ⅡA/ⅡB 20 25
   ⅢA   2   1

Table 2  Endoscopic findings in the sixth month after surgery

PGJI 
(n  = 31)

TGRY 
(n  = 40)

P  value

Refluxesophagitis   2   2 0.59
Anastomotic inflammation 20 23 0.56
Anastomotic ulcer   1   0

TGRY: Total gastrectomy with Roux-en-Y anastomosis; PGJI: Proximal 
gastrectomy with jejunal interposition.

Table 3  Visick grade after operation

PGJI TGRY P value

The time of discharge (n = 76) 1 19 23 0.58
2 14 15
3   1   3
4   1   0

The sixth month after surgery (n = 71) 1 24 25 0.36
2   6   9
3   1   5
4   0   1

TGRY: Total gastrectomy with Roux-en-Y anastomosis; PGJI: Proximal 
gastrectomy with jejunal interposition.
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ported data. Theoretically, longer interposed jejunum can 
reduce the incidence of  reflux esophagitis. However, the 
clinical result is not comparable to our anticipation. The 
limited sample size in our study might be an important 
reason for this mismatched result. Nozaki and Namikawa 
reported that the incidence of  reflux esophagitis does 
not significantly differ between the PGJI and TGRY 
groups[20,34]. This result was also obtained in our study. 

Most of  the PGJI patients and half  of  the TGRY 
patients can eat three times per day in the twelfth month 
after surgery. The difference was statistically significant. 
The function-preserving operation retained the distal 
stomach, increased the single-meal food intake, reduced 
the number of  meals and improved the quality of  life. Se-
rum vitamin B12 is the most important factor for main-
taining the hemoglobin level and was significantly poorer 
in the TGRY group than in the PGJI group[29,35,36]. In our 
study, the hemoglobin level difference was statistically 
significant in the second year. In the second year, six pa-
tients with macrocytic anemia were found in the TGRY 
group, and two patients with macrocytic anemia were 
found in the PGJI group. The difference was possibly 
more obvious during a longer follow-up term. Moreover, 
the Visick grade and two-year survival rate did not dif-
fer between the two groups. However, we recognize the 
limitations of  the sample size in the present study, and 
the follow-up time is insufficient to clarify the long-term 
quality of  life and overall survival. 

In conclusion, PGJI can be performed as safely as 
TGRY and should be recommended because it achieves 
better food intake in the early period and the same sur-
vival rate. Further follow-up is necessary to confirm the 
long-term quality of  life and overall survival of  PGJI 
patients.

COMMENTS
Background
Proximal gastrectomy with gastroesophagectomy (PGGE) and total gastrec-
tomy with Roux-en-Y anastomosis (TGRY) are the most common surgical 
approaches for cancer located in the upper third of the stomach. As a function-
preserving operation, PGGE can retain the distal stomach, but a high incidence 
of reflux esophagitis is observed by endoscopic examination. TGRY can reduce 
the incidence of reflux esophagitis but is associated with postoperative dumping 

DISCUSSION
Proximal gastrectomy and total gastrectomy were the 
common surgical approaches for proximal gastric can-
cer[6-9]. Proximal gastrectomy maintains the upper di-
gestive function but cannot prevent gastroesophageal 
reflux due to absence of  the cardia. Total gastrectomy 
can reduce reflux after the entire stomach dissection but 
changes the upper digestive function. Bloating, anemia, 
dumping syndrome and malnutrition are often found in 
these patients[29,30]. Therefore, both proximal gastrectomy 
and total gastrectomy are not ideal surgical approaches 
for cancer in the upper third of  the stomach. Theoreti-
cally, maximizing the retention of  the stomach with a 
radical dissection is the best surgical approach. In this 
sense, PGJI should be the best surgical approach because 
the distal stomach is retained to maintain the normal di-
gestive function and the jejunal interposition substitutes 
for the cardiac sphincter and reduces gastroesophageal 
reflux. However, it remains controversial whether PGJI 
provides a better outcome compared with total gastrec-
tomy[20,22,31]. We conducted this comparative study to 
clarify whether PGJI is better than total gastrectomy for 
proximal gastric cancer.

In our study, all patients were from a single institution 
and all operations were performed by a specialized gastric 
surgeon who had over 10 years of  experience in gastric 
surgery. This study design standardized our surgical pro-
cedure and avoided operation-derived error. Theoretical-
ly, because one additional gastrojejunostomy is required 
to be performed, the surgical duration of  PGJI should 
be longer than that of  TG. In the present study, the PGJI 
had a longer surgical duration than the TGRY. At the 
same time, no patient died from surgical complications in 
any group. However, TG was better than PGJI in terms 
of  the postoperative hospital stay. 

Compared to PG with gastroesophagectomy, TG 
has lower incidence of  reflux esophagitis[30,32]. The in-
terposed jejunum is similar to the Roux jejunum with 
respect to the cardiac sphincter function for preventing 
food regurgitation. Related research has also confirmed 
that PGJI improves reflux esophagitis, compared with 
esophagogastrostomy[13,33]. In the present study, the inci-
dence of  reflux esophagitis in the PGJI group was 6.5%. 
The reported reflux esophagitis incidence of  1.7%-5.0% 
is lower than our result[13,20,33]. This difference might be 
caused by the length of  the interposed jejunum. In our 
study, the length was 20 cm, which is longer than the re-
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Table 4  Number of meals per day in the twelfth month after 
surgery

Number of meals per day N (TGRY) N (PGJI) P  value

3 20 28 0.00
4 17   3
5   3   0

TGRY: Total gastrectomy with Roux-en-Y anastomosis; PGJI: Proximal 
gastrectomy with jejunal interposition.

Table 5  Postoperative indicators of nutritional status

TRGY PGJI P  value

Hemoglobin level (g/L)
   Preoperation 122.75 ± 18.74   122.23 ± 19.98 0.91
   Discharge 107.95 ± 10.67   102.96 ± 12.92 0.08
   One year after surgery 111.28 ± 10.75   114.35 ± 10.24 0.23
   Two years after surgery 118.10 ± 10.08 123.23 ± 7.73 0.02
Serum albumin level (g/L)
   Preoperation 37.57 ± 2.36   35.06 ± 2.22 0.75
   Discharge 31.72 ± 2.40   31.63 ± 2.12 0.12
   One year after surgery 36.70 ± 6.94   38.12 ± 3.02 0.10
   Two years after surgery 39.84 ± 6.23   41.10 ± 3.18 0.45

TGRY: Total gastrectomy with Roux-en-Y anastomosis; PGJI: Proximal 
gastrectomy with jejunal interposition.

 COMMENTS
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syndrome and poor food intake.
Research frontiers
Theoretically, a sphincter-substituting reconstruction called jejunal interposition 
after proximal gastrectomy can minimize reflux symptoms and improve food 
intake compared with the two above-mentioned surgical methods. The authors 
conducted this study to compare proximal gastrectomy with jejunal interposition 
(PGJI) to TGRY.
Innovations and breakthroughs
Based on our follow-up, the single-meal food intake in the PGJI group was 
more than that in the TGRY group and the hemoglobin level was well main-
tained in the PGJI group. Although the number of patients in the study was 
limited, the results of a 2-year follow-up demonstrated that the overall survival 
rates were not significantly different.
Applications
The current follow-up outcomes show that PGJI can be performed as safely as 
TGRY and should be recommended because it achieves a better food intake 
during the early period and the same survival rate. Further follow-up is required 
to establish the nutrition status and overall survival rates.
Terminology
Jejunal interposition is an anastomotic method after total gastrectomy and distal 
gastrectomy. The interposed jejunum is placed between the esophagus and the 
duodenum or gastric stump.
Peer review
The aim of this study was to compare the short-term outcomes of patients who 
underwent PGJI with those who underwent total gastrectomy with Roux-en-Y 
anastomosis. The study is interesting and significant in the field, and it will most 
likely have an impact on the treatment of cancers in the upper third of the stom-
ach (although some similar studies have been published).
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