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Objective: The aim of the study was to compare the clinical symptoms

between Billroth II (B-II) and Roux-en-Y (R-Y) reconstruction after distal

subtotal gastrectomy (DG) for gastric cancer.

Background: Surgery is the mainstay of curative treatment for gastric cancer.

The technique for reconstruction after DG remains controversial. Both B-II

and R-Y are popular methods.

Methods: This is a prospective multicenter randomized controlled trial. From

October 2008 to October 2014, 162 patients who underwent DG were

randomly allocated to B-II (n ¼ 81) and R-Y (n ¼ 81) groups. The primary

endpoint is Gastrointestinal (GI) Symptoms Score 1 year after surgery. We

also compared the nutritional status, extent of gastritis on endoscopy, and

quality of life after surgery between the 2 procedures at 1 year.

Results: Operative time was significantly shorter for B-II than for R-Y [mean

difference 21.5 minutes, 95% confidence interval (95% CI) 3.8–39.3, P ¼
0.019]. The B-II and R-Y groups had a peri-operative morbidity of 28.4% and

33.8%, respectively (P ¼ 0.500) and a 30-day mortality of 2.5% and 1.2%,

respectively (P¼ 0.500). GI symptoms score did not differ between R-Y versus

B-II reconstruction (mean difference -0.45, 95% CI -1.21 to 0.31, P¼ 0.232). R-

Y resulted in a lower median endoscopic grade for gastritis versus B-II (mean

difference -1.32, 95% CI -1.67 to -0.98, P < 0.001). We noted no difference in

nutritional status (R-Y versus B-II mean difference -0.31, 95% CI -3.27 to 2.65,

P ¼ 0.837) and quality of life at 1 year between the 2 groups too.

Conclusion: Although BII is associated with a higher incidence of heartburn

symptom and higher median endoscopic grade for gastritis, BII and RY are

similar in terms of overall GI symptom score and nutritional status at 1 year

after distal gastrectomy.
 Copyright © 2017 Wolters Kluw
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G astric cancer is the fourth most common malignancy and the
third leading cause of cancer death worldwide.1 Surgery is the

mainstay of curative treatment. For most tumors affecting the distal
part of the stomach, radical distal gastrectomy (DG) is the recom-
mended operation.2 However, the choice of reconstruction after
DG remains controversial. Billroth I (B-I), Billroth II (B-II), and
Roux-en-Y (R-Y) are all acceptable options.3 B-I gastroduodenos-
tomy is a common reconstruction technique especially in Japan and
Korea where the tumors are mostly diagnosed at an early stage. For
most parts of the world, because the tumors are more locally
advanced, B-II and R-Y gastrojejunostomy are more commonly
performed. B-II is a simpler procedure to perform, but it is associated
with bile reflux.4–6 R-Y is a more complex procedure with 2 anasto-
moses and it has its own specific complication such as Roux stasis
syndrome.7–10 The R-Y technique was adapted to prevent bile reflux
and comparative studies have shown that R-Y indeed causes less bile
reflux than B-II or B-I reconstruction. However, the clinical signifi-
cance of bile reflux remains elusive, as most patients may not
experience any symptoms at all. Hence, both procedures are popular
and the choice is often based on the surgeon’s preference.

We conducted this multicenter randomized controlled trial
(RCT) to compare B-II and R-Y reconstruction after DG for gastric
cancer. Our primary endpoint is the severity of Gastrointestinal (GI)
symptoms at 1 year after surgery. We also compared the 2 groups in
terms of grades of gastritis on endoscopy, nutritional status, and
quality of life (QOL) of the patients.

METHODS

Study Design
This is a multicenter prospective RCT conducted at special-

ized Upper Gastrointestinal (UGI) Surgery units at 4 tertiary hospi-
tals in Singapore and Hong Kong. This study was approved by the
Institutional Review Board of the respective institutions. Informed
consent was obtained for all participants. This trial was registered at
ClinicalTrials.gov (ID NCT01257711).

Patients
We included patients between ages of 21 and 80 years with

histological diagnosis of gastric adenocarcinoma who underwent
radical DG with curative intent. These patients were staged according
to the American Joint Committee on Cancer (AJCC) 7th edition
TNM staging for gastric cancer.11 Pre-operative staging was done
radiologically with a chest X-ray and a computerized tomography of
er Health, Inc. All rights reserved.

the abdomen and pelvis. Routine pre-operative blood tests included
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complete blood count, renal profile, and liver function test. Patients
who had previous gastrectomy, stomach, or small bowel surgery
precluding construction of either form of anastomosis, radiological
evidence of carcinomatosis, or who were admitted for emergency
gastrectomy for complications related to the tumor, such as perfor-
ation, bleeding, and obstruction, were excluded.

Intervention
Patients were randomly allocated to R-Y or B-II reconstruc-

tion after DG for gastric cancer. Randomization was performed at the
end of gastric resection to avoid dropout of patients with radiological
locally advanced (T3 or T4) lesions for whom a diagnostic laparo-
scopy had to be performed first to exclude peritoneal metastases. DG
and lymph node dissection were performed according to the guide-
lines published by the Japanese Gastric Cancer Association
(JGCA).12 All operations were performed by UGI surgeons who
are specialized in gastric cancer surgery. The techniques of recon-
struction were standardized throughout the participating institutions
(Fig. 1). For B-II reconstruction, a loop of jejunum 10 to 15 cm distal
to the duodenojejunal flexure was brought up to the remnant stomach
in an isoperistaltic retrocolic or antecolic fashion. The anastomosis
was constructed over either the anterior or posterior wall of stomach
 Copyright © 2017 Wolters Klu

in a transverse plane at least 2 cm from the gastric remnant staple
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Roux-en-Y method 
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FIGURE 1. Reconstructive techniques.
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line. An enterotomy and a gastrostomy were created to allow for
entry of linear cutting 60 to 75 mm stapler. The stapler entry point
was closed with a hand-sewn suture by polydioxanone (PDS) 3/0
sutures. In cases of retrocolic approach, the mesenteric window was
closed with nonabsorbable sutures.

For R-Y reconstruction, the jejunum was divided at 10 to
15 cm from the duodenojejunal flexure using a linear cutting 60 to
75 mm stapler. The distal jejunum was brought up in an iso-peristaltic
retrocolic or antecolic fashion, and anastomosed to the posterior or
anterior wall of stomach in a transverse plane at least 2 cm from the
gastric remnant stapler line. An enterotomy and a gastrostomy were
created to allow for the entry of linear cutting 60 to 75 mm stapler.
The stapler entry point was closed in a single layer with PDS 3/0
sutures. A side-to-side jejuno-jejunal anastomosis was created 40 cm
distal to the gastrojejunostomy using linear cutting 60 or 75 mm
stapler. The stapler entry point was closed with PDS 3/0 sutures. The
mesenteric windows were closed with nonabsorbable sutures.

Outcomes
Study participants were reviewed at 6 months and 1 year

postoperatively. The primary outcome measure of the study was the
GI Symptoms Score in patients who underwent R-Y and B-II
reconstruction after 1 year. The GI Symptoms Score grades patients’
symptoms of epigastric pain, heartburn, biliary vomiting, postpran-
dial bloating, and nausea.13 Each of these 5 clinical symptoms was
scaled from 0 to 5 points, and the grade of the GI Symptoms Score
was based on the total score (from Grade 0 to Grade 4). The
calculation of the GI Symptoms Score is illustrated in Annex 1,
Supplemental data, http://links.lww.com/SLA/B204.

Secondary outcomes included nutritional status as measured
by Nutritional Risk Index (NRI),14–17 degree of gastritis based on
endoscopic and histological evaluation,18 and QOL was assessed
with the European Organization for Research and Treatment of
Cancer (EORTC) Quality of Life Questionnaire C30 (QLQ-
C30).19 The calculation of NRI is shown in Annex 2, Supplemental
datahttp://links.lww.com/SLA/B204. The classification of gastritis
of gastric remnant is shown in Annex 3, Supplemental datahttp://
links.lww.com/SLA/B204.

Randomization
Once the patient met the inclusion/exclusion criteria, the

patient was registered into the trial and informed consent was
obtained. Study participants were randomized using a computer-
generated list based on random permuted block with block size of 10,
stratified by country. The allocation ratio was 1:1. After DG was
performed, the trial coordinator revealed the randomization code
to the surgeons who then completed the reconstruction according to
the allocation.

Blinding
The nature of this study precluded blinding of either the

operator or the patient. However, the research nurses who performed
the interviews for patients (for both GI symptoms and QLQ-C30) and
the clinicians who performed the follow-up endoscopy were blinded
to the allocated group.

Sample Size Calculation
The sample size was calculated on the basis of the assumption

that a reduction in GI symptoms score of 5 was clinically significant.
With a 2-tailed a of 0.05, a power of 0.9, an allocation ratio of 1:1, 65
subjects on each arm were required (with a conservative SD of 10).
In addition, allowing for an attrition rate of 20%, the total number
wer Health, Inc. All rights reserved.

of patients required in each arm is 80.
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REBUILD Trial CONSORT Flowchart

68 included in final analysis 

Assessed for eligibility (n=164)

Excluded (n=2)

Randomized (n=162)

Pa�ents allocated to Billroth II 
reconstruc�on (n=81) 

Pa�ents allocated to Roux-en-Y 
reconstruc�on (n=81) 

Pa�ents died/lost to follow-up (n=7) 
2 died within 30 days a�er op 
1 died due to pneumonia 
1 died due to myocardial infarc�on 
1 died due to tumor invasion 
2 declined follow-up 

Pa�ents died/lost to follow-up (n=6) 
1 died within 30 days a�er op 
1 died due to metasta�c carcinoma 
1 died due to le� cerebral infarct 
3 declined follow-up 

 

Follow-up of pa�ents 
at 6-month post-op 
(n=74) 

Follow-up of pa�ents
at 6-month post-op 
(n=75) 

Pa�ents died/lost to follow-up (n=6) 
1 died due to metasta�c carcinoma 
1 died due to carcinomatosis 
1 died due to nosocomial pneumonia 
3 declined follow-up 

Follow-up of pa�ents 
at12-month post-op 
(n=68) 

Pa�ents died/lost to follow-up (n=2) 
1 died due to pneumonia 
1 died due to carcinomatosis 

Follow-up of pa�ents 
at 12-month post-op 
(n=73) 

73 included in final analysis 

FIGURE 2. REBUILD Flow Diagram.
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Statistical Methods
All statistical analyses were performed using SPSS 23.0 with

statistical significance set at P < 0.05. Basic descriptive statistics for
 Copyright © 2017 Wolters Kluw

numerical variables were presented as mean� standard deviation
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and n (%) for categorical variables. Differences in operating time
between the 2 groups were analyzed using 2-sample t test when
normality and homogeneity assumptions were satisfied. Otherwise,
er Health, Inc. All rights reserved.

the Mann-Whitney U test was used. The differences in post-GI
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there was no statistically significant difference between B-II

TABLE 1. Patient and Surgical Characteristics

Billroth II
N ¼ 81

Roux-en-Y
N ¼ 81

Age, years� 62.0� 10.9 64.5� 10.9
Sex

Male 46 (57%) 45 (56%)
Female 35 (43%) 36 (44%)

Ethnicity
Chinese 70 (86%) 76 (94%)
Malay 2 (3%) 3 (4%)
Indian 4 (5%) 1 (1%)
Others 5 (6%) 1 (1%)

ASA classification
I 15 (19%) 13 (16%)
II 37 (46%) 50 (62%)
III 29 (36%) 18 (22%)

BMI, kg/m2 23.3� 4.1 24.3� 4.2
Neo-adjuvant chemotherapy 1 (1%) 2 (3%)
Adjuvant therapy

Chemotherapy 20 (25%) 23 (28%)
Chemoradiotherapy 11 (14%) 8 (10%)

Location of tumor
Gastric body 33 (41%) 24 (30%)
Antrum 51 (63%) 58 (72%)

Pathological stage (AJCC 7th ed.)
0 2 0
1 27 25
2 22 27
3 26 26
4 4 3

Type of lymphadenectomy�

D1 3 (4%) 1 (1%)
D1þ/D2 78 (96%) 80 (99%)

Route of reconstruction
Antecolic 69 (85%) 71 (88%)
Retrocolic 12 (15%) 10 (12%)

Location of gastric wall anastomosis
Anterior 44 (54%) 47 (58%)
Posterior 37 (46%) 34 (42%)

Approach
Laparoscopic 30 (37%) 36 (45%)
Open 51 (63%) 44 (55%)

�Values are mean� standard deviation.

TABLE 2. Early Postoperative Outcomes

Billroth II Roux-en-Y P

Median time to resume
soft diet, days�

5 (4–6) 5 (4–6) 0.331

Median total hospital
stay, days�

9 (7–12) 8 (7–11) 0.259

Anastomotic leak 1 (1%) 2 (3%) 0.620
Delayed gastric

emptying
11 (15%) 11 (14%) 0.537

Need for reoperation 3 (4%) 5 (6%) 0.360
Clavien classification 0.526

No morbidity 56 (69%) 51 (65%)
I 11 (14%) 11 (14%)
II 8 (10%) 6 (8%)
III 4 (5%) 8 (10%)
IV 0 (0%) 2 (3%)
V 2 (3%) 1 (1%)

30-day operative
mortality

2 (2.5%) 1 (1.2%) 0.500

�Values are median (interquartile range).
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symptom scores, NRI, and QOL between the 2 groups were com-
pared using linear regression adjusted for the pre scores. Chi-square
or Fisher exact test was used to compare differences in 30-day
morbidity and mortality rates. The analysis was performed on the
basis of the principle of intention-to-treat.

RESULTS

The trial’s CONSORT diagram is shown in Fig. 2. Between
October 2008 and October 2014, a total of 164 patients were
recruited for the trial. Two out of the 164 patients were noted to
have advanced disease during surgery and a total gastrectomy had to
be performed. They were excluded from the trial. The 162 remaining
patients were allocated equally into each arm. There were 3 (1.9%)
early postoperative (within 30 days) deaths, 2 in B-II group and 1 in
R-Y group. The 2 patients in B-II passed away due to sudden cardiac
arrest. In the R-Y group, 1 patient developed ischemia of the colon
that required resection, but the patient subsequently died as a result
of intra-abdominal sepsis. One hundred forty-one patients (87%)
 Copyright © 2017 Wolters Klu

completed their 12 months follow-up study and were analyzed.

� 2017 Wolters Kluwer Health, Inc. All rights reserved.
Patient demographics and surgical details are summarized in
Table 1. The characteristics of the 2 groups are similar. Operative
time was significantly shorter for B-II (247.3� 56.7 minutes) than R-
Y (269.5� 58.7 minutes, P ¼ 0.015), with a mean difference of
21.5 minutes [95% confidence interval (95% CI) 3.8–39.3, P ¼
0.019]. The early postoperative outcomes were comparable between
the 2 groups (Table 2). The overall postoperative morbidity (Clavien
I and above complications) of B-II and R-Y were 28.4% and 33.8%,
respectively (P ¼ 0.500).

For GI Symptoms score, 57% and 62% of B-II and R-Y
patients did not experience any symptoms. For the B-II group,
31% of patients had grade 1, 10% had grade 2, and 1.5% had
grade 3 symptoms. For R-Y, 36% had grade 1, 3% had grade 2
and none had grade 3 symptoms (Fig. 3). None of the participants
had grade 4 symptoms. In terms of overall GI Symptoms Score,
wer Health, Inc. All rights reserved.

FIGURE 3. GI symptoms scores between the 2 groups.
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FIGURE 4. Individual symptom scores.
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(1.40� 2.50) and R-Y reconstruction (0.97� 1.70, P ¼ 0.230),
with a mean difference of -0.45 (95% CI -1.21 to 0.31, P ¼
 Copyright © 2017 Wolters Kluw

0.232). Subgroup analysis of the individual symptom scores

240 | www.annalsofsurgery.com
found no difference between the 2 methods except for heartburn,
which is more commonly reported by patients of B-II recon-
er Health, Inc. All rights reserved.

struction (Fig. 4).

� 2017 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Endoscopic Assessment of Gastritis at Gastric Rem-
nant

Grade Billroth II Roux-en-Y

Endoscopic classification
of inflammation
of the remnant stomach

0 33 51

1 20 12
2 6 2
3 5 2
4 0 0
5 0 1

Not done 17 13
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In terms of nutritional status, there was also no difference
between the 2 methods (NRI of B-II 100.9� 7.6 vs R-Y 100.6� 8.3,
P¼ 0.84), with a mean difference of -0.31 (95% CI -3.27 to 2.65, P¼
0.837) when comparing R-Y to B-II. The mean NRI for both groups
fall into the well-nourished category.

For the degree of gastritis, patients with R-Y were found to
have a lower median endoscopic grade for gastritis, with a mean
difference of -1.32 (95% CI -1.67 to -0.98, P< 0.001). The incidence
of the different grades of gastritis in each reconstruction arm noted on
endoscopy is presented in Table 3. No significant differences were
noted in the QOL after 1 year between the 2 groups when comparing
domains measured with the EORTC QLQ-30, although there were
some significant differences in within-group comparisons pre- and
postoperation (Table 4, Supplemental data, http://links.lww.com/
SLA/B204). Both groups had an increase in Global Health scores,
though only the R-Y group showed a significant within-group result
(R-Y: 20%, P ¼ 0.001; B-II: 6.7%, P ¼ 0.490).

DISCUSSION

The results in this multicenter clinical trial show that there was
no difference in terms of patient symptoms between R-Y and B-II
reconstruction after distal gastrectomy 1 year after surgery. In
addition, nutritional status and QOL were also similar between
the 2 procedures, even though we found that gastritis was more
prevalent on endoscopy among patients with B-II reconstruction.

Reconstruction method after a distal or subtotal gastrectomy is
controversial. B-I, B-II, and R-Y techniques are all commonly
performed in different parts of the world. B-I gastroduodenostomy
is commonly done in Japan and Korea because most tumors diag-
nosed in these countries are early-stage. The anastomosis can be done
with minimal tension. B-I is also more physiological, as it maintains
a normal passage of food into the duodenum and it allows easy access
to the bile duct.20 For the rest of the world, where majority of gastric
cancers diagnosed are more locally advanced and bulky, B-II and R-
Y techniques are more commonly performed. B-II is a simple
technique, but it is associated with bile reflux.4–6 Reflux gastritis
is common and it may increase the risk of carcinogenesis at the
gastric remnant.5 Addition of a Braun anastomosis has been
described to reduce bile reflux, but its role remains uncertain.21

R-Y technique, on the contrary, significantly reduces the risk of bile
reflux.4–6 However, it is more complicated to perform with more
anastomoses. It also increases the difficulty to assess the bile duct
during endoscopic retrograde cholangiopancreaticogram (ERCP). In
addition, some patients may develop delayed gastric emptying
known as Roux stasis syndrome with functional obstruction of the
Roux limb.7–10

Our results show that even though B-II is associated with more
 Copyright © 2017 Wolters Klu

reflux gastritis than R-Y, there are no differences clinically. These

� 2017 Wolters Kluwer Health, Inc. All rights reserved.
findings are similar to other studies in the literature.6,21,22 Lee et al22

compared B-I, B-II with Braun anastomosis and R-Y in patients after
laparoscopic or open gastrectomy for cancer. Although there was
significantly less reflux on endoscopy and isotope scan after R-Y,
there was no difference in terms of patient symptoms and nutritional
status among the 3 procedures.22 In a recent study from Japan
comparing B-I and R-Y for gastric cancer, there was also no
difference in terms of body weight and nutritional state even though
there was more reflux gastritis in the B-I group.23 Others also
suggested that it is difficult to correlate endoscopic findings and
symptoms in bile reflux after gastrectomy.24,25

In our study, 14% of our patients developed delayed gastric
emptying after R-Y, which was similar to B-II. It is characterized by
nausea, vomiting, and abdominal pain after oral intake of food.
Delayed gastric emptying after R-Y, or Roux stasis syndrome has
been known to be prevalent in over 30% of patients in some
studies.7–10 Gustavsson et al26 suggested that a limb length of longer
than 40 cm was associated with a higher risk of Roux stasis. In our
study, the limb length was standardized at 40 cm. Hence, our
incidence is low and is similar to other more recent studies.7

There are limitations in our study. One hundred forty-one
patients (87%) completed follow-up at 1 year, translating to a lost-to-
follow-up rate of 13%. Although this is within the attrition rate
allowed for in our initial sample size calculation, these patients may
introduce an inherent bias to our analysis. Eighteen percent of
patients did not undergo follow-up endoscopy that may affect the
true prevalence of gastritis in the gastric remnant. Finally, although
there was no difference in terms of GI symptoms, nutrition, and QOL
between the 2 procedures in 1 year, there may be advantages of R-Y
over B-II in the long term. In a randomized study by Csendes et al27

to compare B-II and R-Y in patients with duodenal ulcers with a
mean follow-up of 15 years, patients with B-II experienced more GI
symptoms and more reflux gastritis and Barrett esophagus on endos-
copy. Histologically, atrophic gastritis and intestinal metaplasia were
also more common after B-II. However, as the study populations
were different from our study, whether the conclusion is the same for
patients with gastric cancer is unknown. A long-term study is
required to study these differences.

In conclusion, our randomized study showed that there was no
difference in patient GI symptoms between B-II and R-Y reconstruc-
tion at 1 year even though reflux gastritis and heartburn symptom were
more common after B-II. Nutrition status and QOL were also similar
between the 2 techniques. B-II remains an acceptable method of
reconstruction after distal gastrectomy for patients with gastric cancer.
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