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Abstract
Purpose This study aims to compare the effectiveness of Billroth-II with Braun and Roux-en-Y reconstruction after laparoscopic
distal gastrectomy.
Methods From April 2010 to August 2012, 66 patients underwent laparoscopic distal gastrectomy (Billroth-II with Braun
reconstruction, 26; Roux-en-Y, 40). The patients’ data were collected prospectively and reviewed retrospectively.
Results The mean operation and reconstruction times were statistically shorter for Billroth-II with Braun reconstruction than
Roux-en-Y (198.1±33.0 vs. 242.3±58.1 min, p=0.001). One case of postoperative stricture was observed in each group. One
case each of intra-abdominal abscess and delayed gastric emptying occurred in the Billroth-II with Braun group. At 1 year
postoperatively, gastric residue and reflux esophagitis were not significantly different between the groups. Gastritis and bile
reflux were more frequently observed in the Billroth-II with Braun group (p=0.004 and p<0.001, respectively). At 2 years
postoperatively, gastric residue was not significantly different, but gastritis, bile reflux, and esophagitis were more frequent in the
Billroth-II with Braun group (p=0.029, p<0.001, and p=0.036, respectively).
Conclusion The postoperative effectiveness of Roux-en-Y reconstruction may be superior to Billroth-II with Braun reconstruc-
tion after laparoscopic distal gastrectomy.
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Billroth-II
Introduction

From the results of several prospective and retrospective stud-
ies, laparoscopic gastrectomy with D1+ lymph node dissec-
tion has been accepted as a standard treatment option for early
gastric cancer.1

–4 Recent advances in laparoscopic surgical
instruments and skills have extended the surgical range; it is
even possible to perform more than D2 lymph node dissec-
tion. As the 5-year survival rate of patients with early gastric
cancer is >90 %, consequently, the interests of surgeons and
patients have shifted to quality of life (QoL) beyond the cur-
ability of cancer.5

,6 In accordance with these trends, minimally
invasive or function-preserving surgery such as sentinel
lymph node navigation surgery and pylorus preserving gas-
trectomy is now being investigated. These surgeries are ex-
pected to improve QoL postoperatively by preserving gastric
function and obtaining a safe oncologic specimen.7

,8

After distal gastrectomy, which is performed for tumors
located in the lower two thirds of the stomach, mostly
Billroth-I (B-I), Billroth-II (B-II), and Roux-en-Y (REY)

This study was presented at TheKorea International Gastric CancerWeek
2015, Jeju Island, Korea, 2–4 April 2015 and the 11th International
Gastric Cancer Congress 2015, Sao Paulo, Brazil, 4–6 June 2015.

* Dae Hwan Kim
dh2-kim@hanmail.net

1 Department of Surgery, Biomedical Research Institute, Pusan
National University Hospital, Busan, South Korea

2 Department of Surgery, Biomedical Research Institute, Pusan
National University Yangsan Hospital, Yangsan, South Korea

3 Department of Internal Medicine, Biomedical Research Institute,
Pusan National University Hospital, Busan, South Korea

J Gastrointest Surg (2016) 20:1083–1090
DOI 10.1007/s11605-016-3138-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s11605-016-3138-7&domain=pdf


reconstruction are used to maintain bowel continuity.9

Duodenogastric bile reflux due to removal of the pylorus is
one of the major factors that affect patient’s QoL.10 In addi-
tion, this bile reflux is a potential risk factor for malignant
changes in the remnant stomach and lower esophagus.11

–16

Although B-I reconstruction is commonly used because of
its simplicity and physiologic advantages, surgeons have to
choose B-II or REY reconstruction if the remnant stomach
or duodenum becomes short due to extensive resection to
ensure the safety margin. REY reconstruction has been report-
ed as a procedure in which bile reflux rarely occurs, and it has
become more popular in Korean and Japan.17 Nevertheless,
B-II reconstruction is still popular as an alternative procedure
because REY reconstruction is regarded as the time-
consuming and more complicated procedure with a high mor-
bidity. However, bile reflux occurs frequently after B-II due to
its structural drawback. For this reason, Braun anastomosis
was designed to decrease this bile inflow to the stomach.
Braun anastomosis will be a good substitute for REYif it plays
a dependable role in bile passage.

Even though some studies have compared B-I with B-II or
REY in terms of postoperative outcome such as morbidity or
the nutritional result, there are few comparative reports direct-
ly comparing B-II with Braun (B-IIB) and REY reconstruc-
tion. In the present study, we evaluated which reconstruction
method is more superior in regard to improving patients’QoL,
especially in terms of bile reflux and reflux esophagitis ac-
cording to postoperative endoscopic findings.

Materials and Methods

Patients

This study was designed retrospectively to compare B-IIB to
REY reconstruction after laparoscopic distal gastrectomy in
terms of patients’ QoL. Between March 2010 and October
2012, 485 patients underwent laparoscopic distal gastrectomy
for gastric cancer at the Department of Gastrointestinal
Surgery at Pusan National University Hospital. The preoper-
ative clinical stage was evaluated for all patients with endo-
scopic ultrasonography and abdominal computed tomogra-
phy. Preoperatively, all patients were histologically diagnosed
with gastric adenocarcinoma by endoscopic biopsy.
Endoscopic clipping was performed preoperatively to identify
the lesion during the operation in all patients.

Two surgeons participated in this study, and laparoscopic
gastrectomy was performed for patients with clinical Stage IA
or IB gastric cancer as defined by the seventh edition of the
American Joint Commission on Cancer Staging System. Of
these patients, 413 who underwent B-I reconstruction and 6
who underwent B-II reconstruction were excluded from this
study. Of the remaining 66 patients, 26 underwent B-IIB and

40 underwent REY reconstruction. All data were retrieved
prospectively, and we analyzed the following variables retro-
spectively: (1) patients’ demographics (i.e., age, sex, co-mor-
bidities, body mass index (BMI), American Society of
Anesthesiologists (ASA) score); (2) perioperative and clinico-
pathologic data (i.e., the operative time, bleeding loss, tumor
size, proximal/distal margin, invasion depth, nodal status, hos-
pital stay, and morbidity); and (3) endoscopic findings (pre-
operatively and postoperatively at 1 and 2 years).

Operative Procedure

Laparoscopic Distal Gastrectomy with Lymph Node
Dissection

Conventional laparoscopic distal gastrectomy was per-
formed by two skilled surgeons who have performed lapa-
roscopic gastrectomy on >200 cases. All patients underwent
D2 lymph node dissection (1, 3, 4sb, 4d, 5, 6, 7, 8a, 9,
11p, 12a, and ±14v), which was defined by the Japanese
Gastric Cancer Association,18 and extracorporeal anastomo-
sis after distal gastrectomy was routinely performed. Four
vessels of major gastric blood supply (i.e., the right/left
gastroepiploic and right/left gastric vessels) were ligated if
the tumor was located in the mid-third of the stomach, and
the first short gastric branch was ligated. The duodenum
was divided by a laparoscopic linear stapler, and a rein-
forcement suture was not used at the duodenal stump. All
reconstructions were performed extracorporeally.

Gastric Division

In all patients, the endoscopic clipping was performed preop-
eratively for identification of the lesion during the operation.
In the B-II with Braun anastomosis, a gastrotomy was made
first at anterior gastric wall. Through this gastrotomy, the cir-
cular stapler was introduced and gastrojejunostomy was per-
formed with the jejunum at which an anvil was inserted. Then,
stomach was divided linear stapler extracorporeally. In the
REY reconstruction, the stomach was divided first with linear
stapler.

B-II with Braun Reconstruction

After inserting the anvil into the jejunum (50 cm distal from
the Treitz ligament), a gastrotomy was performed in the ante-
rior gastric wall. Through this gastrotomy, iso-peristaltic
gastrojejunostomy was performed with a circular stapler
(Premium Plus CEEA 25; US Surgical, Norwalk, CT).
Then, the stomach was divided with a linear stapler.
Additionally, jejunojejunostomy was conducted 35 cm from
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where the gastrojejunostomy was performed by manual
extracorporeal suturing with absorbable monofilament
fiber. The diameter of jejunojejunostomy was about
2 cm (Fig. 1a). And Petersen’s space was closed by
intracorporeal suturing.

REY Reconstruction

The stomach was first divided upon identifying the lesion.
And the anvil was inserted into the greater curvature tip of
the remnant stomach. The Roux limb was made by divid-
ing the jejunum 15 cm from the Treitz ligament. Then iso-
peristaltic gastrojejunostomy was performed with a circular
stapler (Premium Plus CEEA 25; US Surgical, Norwalk,
CT) through the anterocolic route, and the jejunal stump
was closed with a linear stapler. Jejunojejunostomy was
conducted 35 cm from where the gastrojejunostomy per-
formed by same method with B-IIB reconstruction
(Fig. 1b). Petersen’s space was closed by intracorporeal
suturing similar to that performed in B-IIB reconstruction.
In addition, the potential site of the hernia at the mesen-
tery of jejunojejunostomy was closed by extracorporeal
manual suturing.

Interpretation of the Endoscopic Findings

Esophagogastroduodenoscopy was performed and the re-
sults were interpreted preoperatively and at 1 and 2 years
postoperatively by an experienced endoscopist. The endo-
scopic findings were analyzed using the RGB classifica-
tion, which includes the gastric residue, degree of gastritis,
and bile reflux (Table 1). Moreover, reflux esophagitis was
evaluated using the Los Angeles classification.

Statistical Analysis

All variables were analyzed using SPSS, version 19.0 for
Windows (SPSS, Inc., Chicago, IL). Categorical variables
were analyzed by the chi-square test and Fisher’s exact test.
Continuous variables were analyzed by the Student’s t test and
expressed as means ± standard deviations. To analyze the
RGB classification, the gastric residue and degree of gastritis
were calculated between grade 0 and others to achieve statis-
tical validity of the chi-square test. For the Los Angeles clas-
sification of reflux esophagitis, data were calculated between
none and others. A p value <0.05 was considered statistically
significant.

Results

Patients’ demographic data are presented in Table 1. Overall,
the mean age and BMI were 58.2 ± 10.1 years and 23.5
±2.2 kg/m2, respectively. There were no significant differ-
ences in terms of the patients’ age, sex, and BMI between
the B-IIB and REY groups, except the ASA score (Table 2).

Each group did not show significant differences in the path-
ologic characteristics such as the tumor size, margin, and
stage. Blood loss was 161.7±146.6 mL in the B-IIB group
compared with 245.0±207.0 mL in the REY group, but this
was not statistically significant. In the REY group, the opera-
tive time was statistically significantly longer than that in the
B-IIB group (198.1 ±33.0 vs. 242.3±58.1 min, p=0.001).
There was no anastomotic leakage and bleeding, but one case
of postoperative stricture was observed in each group.
Additionally, one case of intra-abdominal abscess and one
case of delayed gastric emptying occurred in the B-IIB group
(Table 3).

Fig. 1 Illustration of
reconstructions after laparoscopic
distal gastrectomy. a Billoth-II
with Braun anastomosis. b Roux-
en-Y anastomosis. E esophagus,
D duodenum, J jejunum, GJ
gastrojejunostomy, JJ
jejunojejunostomy
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Comparison of Endoscopic Findings According
to the Postoperative Period

All data were calculated with Pearson’s chi-square test.
Gastric residue was not significantly different between the
B-IIB and REY groups, according to the postoperative period.
Preoperatively, there were no significant differences between
the two groups in terms of the gastric residue, gastritis, and
bile reflux. However, at 1 and 2 years postoperatively, gastritis
and bile reflux were more frequently observed in the B-IIB
group (Table 4; after 1 year: p=0.001, p<0.001; after 2 years:
p=0.002, p<0.001, respectively).

The modified Los Angeles classification was used to eval-
uate the grade of reflux esophagitis. There were no significant
differences in the incidence preoperatively and at 1 year post-
operatively, whereas at 2 years postoperatively, reflux

esophagitis was more frequent in the B-IIB group (Table 5,
p=0.017).

Discussion

Gastroesophageal reflux, which prevents the intake of a regu-
lar diet, is one of the important factors that significantly de-
crease QoL during the postoperative period. Thus, many re-
searchers have paid attention to these reflux symptoms.
Gastroduodenostomy (B-I), gastrojejunostomy (B-II), and
REY anastomosis have been mainly performed as a recon-
struction method for intestinal continuity after distal gastrec-
tomy. Although REY reconstruction has recently focused on
decreasing bile reflux, the most optimal reconstructive proce-
dures after distal gastrectomy remain unclear.

B-I has been chosen as the primary reconstruction methods
after distal gastrectomy, as it has a simple procedure and phys-
iologic feature that does not require the intestine to be
bypassed. Other reconstruction methods such as B-II or
REY should be considered in cases in which the stomach or
duodenum need to be largely resected to obtain a safe surgical
margin. In 2009, the Korea Gastric Cancer Association report-
ed in a nationwide survey that B-I, B-II, and REY reconstruc-
tions were performed in 63.4, 33.1, and 3.3 % of cases, re-
spectively, after distal gastrectomy.19 Fukuhara et al. reported
that REY reconstruction is superior to B-I and B-II in terms of
preventing bile reflux and gastritis.20

,21 Namikawa et al. also
recommended REY reconstruction over B-I reconstruction
after distal gastrectomy to reduce bile reflux and improve a
patient’s QOL.22 Recently, a Japanese research group reported
that they prefer using REY reconstruction as alternative
methods to substitute for B-I reconstruction.23 However, sur-
geons still tend to choose B-II reconstruction when B-I recon-
struction is not applicable. This may be because of concern for
high morbidity rates because REY reconstruction is compli-
cated procedure to require more anastomoses and stump.

B-II reconstruction has an inevitable structural disadvan-
tage, as bile flows into the remnant stomach. Thus,
jejunojejunostomy between the afferent (A) and efferent (E)
loops, i.e., Braun anastomosis, has been suggested to over-
come this limitation. Vogel et al. reported that Braun anasto-
mosis improved bile reflux effectively compared with B-II
only.24 It is expected that bile refluxmay be decreased through
Braun anastomosis by redirecting the outflow of bile to the E-
loop. If the function of Braun anastomosis, especially in terms
of the bile stream, is associated with an acceptable result, B-
IIB can be a good alternative reconstruction method to REYin
theory. However, few reports have compared B-IIB with REY
reconstruction.

Kubo et al. suggested a new endoscopic grading system to
evaluate the remnant stomach, i.e., the RGB classification,
which provides scores for gastric residue, gastritis, and bile

Table 1 The residue, gastritis, bile classification (RGB score)

Residual food

Grade 0 No residual food

Grade 1 A small amount of residual food

Grade 2 A moderate amount of residual food, but possible to observe
entire surface of the remnant stomach with body rolling

Grade 3 A moderate amount of residual food, hindering observation
of the entire surface even with body rolling

Grade 4 A large amount of residual food, making endoscopic
observation impossible

Gastritis (degree)

Grade 0 Normal mucosa

Grade 1 Mild redness

Grade 2 Intermediate grade between grade 1 and grade 3

Grade 3 Severe redness

Grade 4 Apparent erosion

Bile reflux

Grade 0 Absent

Grade 1 Present

Table 2 Patients demographics

Variables B-IIB group REY group Overall p value

Age (years) 59.7 ± 9.1 57.2 ± 10.7 58.2 ± 10.1 0.321

Sex

Male 18 28 46 0.947
Female 8 12 20

BMI (kg/m2) 23.4 ± 2.0 23.7 ± 2.4 23.5 ± 2.2 0.609

ASA score

1 4 18 22 0.015
2 22 20 42

3 0 2 2

B-IIB Billroth-II with Braun anastomosis, REY Roux-en-Y anastomosis,
BMI body mass index, ASA American Society of Anesthesiologists
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Table 3 Clinicopathologic data
and Perioperative data Variables B-IIB group REY group Overall p value

Tumor size (cm) 2.9 ± 2.5 2.9 ± 1.8 2.8 ± 2.1 0.971

Margin (cm)

Proximal 3.6 ± 3.7 3.4 ± 3.4 3.5 ± 3.5 0.825

Distal 9.4 ± 6.7 11.4 ± 5.0 10.6 ± 5.8 0.169

T stage

Mucosa (T1a) 12 21 33 0.361
Submucosa (T1b) 9 16 25

Muscle propria (T2) 5 3 8

N stage

0 (N0) 21 38 59 0.229
1–2 (N1) 3 2 5

3–6 (N2) 1 0 1

7– (N3) 1 0 1

TNM stage (AJCC 7th)

IA 20 37 57 0.326
IB 2 1 3

IIA 2 2 4

IIB 1 0 1

IIIA 1 0 1

Operative time (min) 198.1 ± 33.0 242.3 ± 58.1 224.8 ± 54.0 0.001

Blood loss (ml) 161.7 ± 146.6 245.0 ± 207.0 212.2 ± 188.8 0.080

Retrieved Lymph nodes 40.8 ± 15.2 44.3 ± 18.7 42.9 ± 17.4 0.438

Hospital stay (days) 9.8 ± 5.5 8.7 ± 4.6 9.1 ± 4.9 0.372

Morbidity 3 1 4 0.165
Anastomotic stricture 1 1 2

Intra-abdominal abscess 1 0 1

Delayed gastric emptying 1 0 1

B-IIB Billroth-II with Braun anastomosis, REY Roux-en-Y anastomosis

Table 4 Comparison of
endoscopic findings according to
time period after surgery (RGB
score)

Before operation Postoperative 1 year Postoperative 2 years

B-IIB
group

REY
group

p value B-IIB
group

REY
group

p value B-IIB
group

REY
group

p value

Residue
0 26 40 – 21 34 0.449a 23 34 0.495a

1 0 0 1 2 2 4
2 0 0 2 0 0 1
3 0 0 2 3 1 1
4 0 0 0 1

Gastritis
0 6 3 0.077a 0 15 0.001a 1 14 0.002a

1 11 15 16 17 18 17
2 8 10 8 5 7 7
3 1 5 2 3 0 1
4 0 7 0 0 0 1

Bile reflux
0 20 26 0.226 4 28 <0.001 5 31 <0.001
1 6 14 22 12 21 9

B-IIB Billroth-II with Braun anastomosis, REY Roux-en-Y anastomosis
a Grade 0 vs. Grades1–4
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reflux.25 In the current study, there was no difference in gastric
residue at the preoperative evaluation and at 1 and 2 years
postoperatively between the B-IIB and REY groups; however,
gastritis and bile reflux were more frequently observed at 1
and 2 years postoperatively in the B-IIB group. This result
fails to show the effect of bile diversion into the E-loop in
B-IIB reconstruction. Consequently, this would cause reflux
esophagitis over time. Figure 2 shows 1-year postoperative
endoscopic findings in fourteenth patient who underwent B-
IIB reconstruction after laparoscopic distal gastrectomy. The
patient has complained epigastric soreness and intermittent
dyspepsia. He had reflux esophagitis of grade B and severe
gastritis with bile reflux. Those findings were not changed at
2-year postoperative endoscopic findings as well.

Lee et al. reported that gastritis and bile reflux was signif-
icantly more frequently associated with B-IIB reconstruction,
and there was no difference in the RGB score between B-I and
B-IIB reconstruction in their study that compared 1-year post-
operative endoscopic findings among B-I, B-IIB, and REY
reconstructions.26 In addition, Park et al. demonstrated that
bile reflux had a high incidence (43.3 %) in B-IIB, and REY
was a superior reconstruction method to B-IIB after distal
gastrectomy.27

Although we were not able to determine the exact reason
why the diversion of bile failed, it was considered to be due to
the following reasons: (1) some bile still flows into the stom-
ach because the pressure from the A-loop to the remnant gas-
tric cavity is lower than that to the E-loop; and (2) it may be

Table 5 Comparison of reflux esophagitis according to time period after surgery (modified Los Angeles classification)

Before operation Postoperative 1 year Postoperative 2 years

B-IIB group REY group p value B-IIB group REY group p value B-IIB group REY group p value

Grade 0.226* 0.142a 0.017a

None 20 26 14 28 12 30

Minimal 5 9 5 10 5 7

A 0 4 5 2 7 3

B 1 1 2 0 2 0

LA Los Angeles, B-IIB Billoth-II with Braun anastomosis, REY Roux-en-Y anastomosis
a None vs. others

Fig. 2 Postoperative endoscopic
findings at 1 year after Billroth-II
with Braun reconstruction
(fourteenth patient). a Grade B
reflux esophagitis showing
mucosal break longer than 5 mm
(Los Angeles classification
system). b Severe redness due to
gastritis (G, grade 3). c, d Bile
reflux (B, grade 1) into the
stomach with gastritis. There was
no gastric residue (R, grade 0)
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difficult to block the bile flow because the peristaltic direction
of the A-loop is toward the remnant stomach. Thus, uncut
REY reconstruction, which occludes the jejunogastric path-
way, has been suggested as an alternative method by some
surgeons. Previous studies have reported that uncut REY
shows less frequent Roux stasis, which is one of the main
problems of REY reconstruction.28

,29 However, the exact
mechanism of Roux stasis is debatable.

In the perioperative data, REY reconstruction had no spe-
cific disadvantage compared with B-IIB reconstruction except
a longer operation time and Roux stasis did not occur in all
REY cases. Postoperative complications were more frequent
in the B-IIB group, although this was not statistically signifi-
cant. Nevertheless, as aforementioned, some surgeons still
may consider REY reconstruction a more complicated proce-
dure than B-I or B-II reconstruction. Thus, they may hesitate
to perform REY reconstruction; however, a various reports
have suggested that there are no differences in the postopera-
tive complication among each method of reconstruction be-
cause of the recent developments and improvements of surgi-
cal instruments and skill.9

,10,26,30 Some surgeons may prefer
B-II reconstruction to REY reconstruction in terms of
preventing the dumping syndrome and weight loss.
However, nutritional outcomes, including weight loss, are
not significantly different between B-IIB and REY
reconstruction.26

This was a retrospective study with a relatively short study
period. Consequently, the enrolled sample size was not large
because of a high performance rate of B-I reconstruction after
distal gastrectomy. Additionally, because this study focused
on endoscopic findings related to enterogastric bile reflux after
distal gastrectomy, we could not obtain more data on the glob-
al health status, symptoms, activity, and emotional status of
postoperative patients by using the tools for evaluating pa-
tient’s QoL such as the European Organization for Research
and Treatment of Cancer questionnaire, Gastrointestinal
Quality of Life Index, or EuroQol. If correlations between
these various additional results related to the patients’ QoL
and the RGB score was analyzed, comprehensive results
could have been drawn from this study. Although a
hepatobiliary scan helps identify enterogastric bile reflux, en-
doscopy is a more effective modality for evaluating the func-
tion of the remnant stomach, including direct postoperative
changes such as esophagogastritis. In addition, the present
study had a comparative design, and all the medical records
were collected prospectively, although it was not a large-scale
study. Additionally, many surgeons currently have great inter-
est in totally laparoscopic gastrectomy, and they prefer B-II or
REY reconstruction as the intracorporeal anastomosis proce-
dure because B-I reconstruction (delta anastomosis) is techni-
cally difficult. Thus, our findings can be another significant
reference for re-evaluating B-IIB reconstruction, and for sur-
geons to choose the appropriate procedure to manage patients

after distal gastrectomy in the long-term because there were
few reports to directly compared B-IIB with REY
reconstruction.

Conclusion

REY reconstruction may be superior to B-IIB reconstruction
in terms of the incidence of postoperative gastritis, bile reflux,
and reflux esophagitis after laparoscopic distal gastrectomy,
and B-IIB reconstruction may not effectively prevent
intragastric bile flow.
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