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Summary

Aim The aim of this study was to assess and validate
the clinical efficacy of Roux-en-Y reconstruction (R-Y)
when compared to Billroth I reconstruction (B-I) after
distal gastrectomy (DG).

Methods The authors identified the prospective, ran-
domized, controlled trials comparing R-Y with B-I
after DG for gastric cancer from January 1990 to
July 2016 using PubMed, Web of Knowledge, Ovid’s
database. The method of meta-analysis is performed
to compare the complications and recurrences of R-Y
versus B-I.

Result Seven randomized controlled trials (RCTs) in-
volving 1197 patients were included. Meta-analysis
revealed that R-Y reconstruction was associated with
a significant reduction in the incidence of remnant
gastritis (Odds ratios [OR] 2.58, 95%Confidence inter-
val [CI]: 1.78, 3.74; P<0.00001). No significant differ-
ences were observed between the groups in terms of
intraoperative blood loss (Weighted mean difference
[WMD] -20.97, 95%CI: —-47.85, 5.92; P=0.13), time
to resumed oral intake (WMD -1.32, 95%CI: -6.39,
3.75; P=0.61), reflux esophagitis (OR 1.71, 95%CI:
0.82, 3.57; P=0.15), and recurrence (OR 1.10, 95%CI:
0.44, 2.71; P=0.84). Moreover, the B-I reconstruc-
tion method took significantly less time to perform
as compared to R-Y reconstruction (WMD -38.12,
95%CI: -50.50, —25.74; P<0.00001) and postoperative
hospital stay was shorter (WMD -2.96, 95%CI: -5.93,
0.00; P=0.05),
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Conclusion The R-Y reconstruction was effective in
preventing gastritis, although R-Y reconstruction after
gastric resection was inferior to B-I reconstruction in
terms of taking more time to perform and a longer
stay in hospital.
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Introduction

Both Billroth I (B-I) reconstruction and Roux-en-Y re-
construction (R-Y) have commonly been performed
after distal gastrectomy (DG) [1, 2]. Patients after gas-
trectomy typically display good clinical course. How-
ever, dyspepsia and gastrointestinal reflux usually oc-
cur after these procedures, and may cause remnant
gastritis, remnant gastric ulcer, and reflux esophagitis
[3-5].

In recent years, attention for gastrointestinal and
esophageal reflux has also been strongly considered
when choosing a surgical technique [6]. Control of
acid reflux is generally regarded as the essential phys-
iological principle that directly influences the qual-
ity of life of patients after surgery. R-Y has been at-
tempted in order to prevent bile and pancreatic secre-
tion from reaching the gastric mucosa, and to prevent
postoperative alkaline reflux gastritis or esophagitis
after DG [7]. However, the procedure is technically
more difficult and complex than the B-I procedure.
Indeed, because an additional anastomosis is required
in the R-Y procedure, the number of postoperative
complications might be expected to be increased.

To our knowledge, there are two existing meta-
analysis [8, 9] comparing the outcome of B-I with
R-Y. However, both of them included a small number
of studies and the latest one was published 3 years
ago. With an increasing number of new publica-
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Fig. 1 Flowchart of the results of the literature search

tions on this controversial subject in recent years,
we conducted a systematic review and meta-analy-
sis to compare the benefits and drawbacks following
DG between B-I and R-Y by reviewing the current
literature.

Materials and methods

Search strategy

PubMed, Web of Knowledge, and Ovid’s database were
searched from January 1990 to June 2016 without lan-
guage restrictions. The search terms used were “Roux-
en-Y,” “Billroth 1,” “distal gastrectomy,” and “random-
ized clinical trial.” The reference lists of relevant stud-
ies were checked manually to locate any missing stud-
ies.

Study selection

Identified studies were assessed for eligibility for in-
clusion in the review by scrutinizing the titles, ab-
stracts, and keywords of every record retrieved. Stud-
ies were restricted to those published in English and
Chinese. Clinical studies concerning comparisons of
any aspects between the B-I and R-Y for DG were also
included.

Data extraction

Two coauthors (LY and LH) independently selected
studies for inclusion and exclusion and reached con-
sensus when they did not agree in the initial assign-
ment. The following variables were recorded: authors,
journal and year of publication, number of patients,
age, operation time, blood loss, postoperative hospital
stay, time to resumed oral intake, reflux esophagitis,
remnant gastritis, and recurrence. If necessary, the
corresponding authors of studies were contacted to
obtain supplementary information.

Quality assessment

The quality of the trials was assessed in the light of
Cochrane Handbook for Systematic Reviews of Inter-
ventions version 5.1.0 [10]. The scale consists of three
items, such as randomization, blinding, and descrip-
tion of the withdrawals and dropouts. Studies with
a score of 3-5 were considered to be of high quality.

Statistical analysis

A formal meta-analysis was carried out for all included
studies comparing the results of B-I and R-Y for dis-
tal gastrectomy. The outcomes in our study were op-
eration time, blood loss, postoperative hospital stay,
time to resumed oral intake, reflux esophagitis, rem-
nant gastritis, and recurrence. Pooled estimates of
outcomes were calculated using a fixed-effects model,
but a randomized-effects model was used according
to heterogeneity. Heterogeneity was explored using I?
statistics, a measure of how much the variance be-
tween studies can be attributed to inter-study differ-
ences rather than chance. 12>50% was regarded to
indicate strong heterogeneity. The Cochrane Collab-
oration’s Review Manager Software version 5.0 (The
Cochrane Collaboration, Oxford, UK) was utilized for
the data analysis.

Results
Study selection

314 potentially relevant articles comparing B-I and
R-Y after DG for gastric malignancies were found
(Fig. 1). After exclusion of duplicate references, non-
relevant literature, and those that did not satisfy inclu-
sion criteria, 25 candidate articles were considered for
the meta-analysis. After careful review of the full text
of these articles, 7 studies [11-18] were included. The
study characteristics are summarized in Tables 1, 2
and 3.

Patient demographics for the 7 studies are pre-
sented in Table 1. All papers were randomized clinical
trials. The publication dates ranged from January
1990 to July 2016. Study sizes ranged from 45 to 332
patients.

Outcome measures

A total of 1197 patients who underwent B-I and R-Y
were analyzed. To date, 7 randomized controlled trials
(RCTs) have been undertaken to compare R-Y with
B-I reconstruction. All studies had a clear description
of the sample size calculation and were found to be
of high quality according to the Jadad scoring system.
The detailed results of meta-analysis are given in
Figs. 2, 3, 4, 5, 6, 7 and 8. Meta-analysis revealed that
R-Y reconstruction was associated with a significant
reduction in the incidence of remnant gastritis (Odds
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Table 1 Characteristics of the reviewed studies

Author, year Country  Patients (7))  Sex (male/female) = Meanage  Tumor size (cm)  Lymph node metastasis (P/N)  Location (L/M)
Imamura, 2012 [11] Japan 332 B-I: 105/58 B-I: 64.4 B-: 2.9 B-I: 37/126 B-I: 108/55
or R-Y: 115/54 R-Y: 63.9 R-Y: 3.0 R-Y: 49/120 R-Y: 112/57
Hirao, 2012 [12]
Ishikawa, 2005 [13] Japan 50 B-I: 19/7 B-I: 61 B-I: 4.2 B-I: 12/14 -
R-Y:17/7 R-Y: 64 R-Y: 5.9 R-Y: 13/11
Lee, 2012 [14] South 159 B-I: 1.7/1 B-I: 60 - - -
Korea R-Y: 1.5/1 R-Y: 58.5
Montesani, 2002 [15]  Italy 45 - = = =
Nakamura, 2016 [16]  Japan 122 B-I: 40/20 B-I: 66 - - B-I: 24/36
R-Y: 45/17 R-Y: 67 R-Y: 30/32
Takiguchi, 2012 [17] Japan 268 B-I: 105/58 B-I: 64.5 B-: 2.9 B-I: 25/107 B-I: 92/40
R-Y: 113/53 R-Y: 64.1 R-Y: 2.9 R-Y: 32/104 R-Y: 91/45
Tanaka, 2014 [18] Japan 221 B-I: 65/38 B-I: 64.1 - - -
R-Y: 85/33 R-Y: 64.1
B-/Billroth I, R-Y Roux-en-Y, L Lower, M Middle, P Positive, N Negative
Table 2 Perioperative course of the reviewed studies
Author, year Operation time (min) Blood loss (ml) Postoperative hospital stay (days)  Time to resumed oral intake  Adjuvant treatment
(days) (n)
Imamura 2012 B-I: 180+ 48 B-I: 210+ 217 B-l: 14.1+6.5 B-l: 4.3+ 4.6 -
[11] R-Y: 214+ 44 R-Y: 220+ 180 R-Y:16.4+10.4 R-Y:3.8+1.8
or
Hirao 2012 [12]
Ishikawa 2005 B-I: 250+ 79 B-I: 374+ 392 B-I: 19.0+6.2 B-l: 6.5+ 1.6 -
[13] R-Y: 260+ 68 R-Y: 432 + 250 R-Y:31.8+21.7 R-Y:11.5+15.7
Lee 2012 [14] B-I: 163.4+ 45.1 B-I: 143.1+£177.3 B-: 9.2+ 3.1 - -
R-Y: 228.4+52.2 R-Y:214.7+189.7  R-Y:10.8+7.7
Montesani 2002 - - - - -
[19]
Nakamura2016 ~ B-l: 222.1+64.3 B-I: 153.0+181.1 B-I: 11 (7-63) - B-I: 14/60
[16] R-Y: 255.4+77.9 R-Y:221.4+239.0  R-Y:11(7-88) R-Y: 15/62
Takiguchi 2012 B-1: 180+ 48 B-I: 210+ 230 - - =
[7 R-Y: 214+ 44 R-Y: 203+ 153
Tanaka 2014 [18] - - - - B-I: 13/90
R-Y: 16/102
B-IBillroth I, R-Y Roux-en-Y
Table 3 Corfntp;]licatiqn a”g Author, year Reflux esophagitis (7  Remnant gastritis () Total complication rate (7 Recurrence (n)
St o The reviewe Imamura2012 [11]  B-l: 26/156 B-I: 71/156 B-1: 30/163 -
or R-Y: 10/157 R-Y: 44/157 R-Y: 37/169
Hirao 2012 [12]
Ishikawa 2005 [13] B-I: 7/26 B-I: 16/26 - -
R-Y: 8/23 R-Y: 7/23
Lee 2012 [14] B-I: 12/49 - B-I: 4/49 -
R-Y: 4/47 R-Y: 6/47
Montesani 2002 [15] B-I: 5/15 B-I: 9/15 - =
R-Y: 2/15 R-Y: 8/15
Nakamura 2016 [16] B-I: 8/53 B-I: 35/53 - B-I: 5/60
R-Y: 10/52 R-Y: 15/52 R-Y: 6/62
Takiguchi 2012 [17] - - - -
Tanaka 2014 [18] - - - B-I: 5/98
R-Y: 4/114
B-IBillroth I, R-Y Roux-en-Y
204 Roux-en-Y versus Billroth I following distal gastrectomy @ Springer



Fig. 2 Forest plot of the Bl R-Y Mean Difference Mean Difference
comparison of opera- Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl
tion time for B-l vs. R-Y. Imamura 2012 180 48 163 214 44 169 30.1% -34.00[4391,-24.09] -
B-1 Billroth-l, R-Y Roux- Ishikawa 2005 250 79 26 260 68 24 74% -10.00[50.77,30.77] —
en-Y, SD standard devia- Lee 2012 1634 451 49 2084 522 47 19.3% -6500(-8456,-4545)
tion, Cf confidence intenval,  naamaoots 2201 643 60 2554 779 59 143% -3330[5899,761] T T
green elements weighted Takiguchi 2012 180 48 132 214 44 136 28.8% -34.00[45.03,-22.97) -
mean difference (WMD)
zg‘;‘;‘gﬂgft‘ﬂf%;kgs\}ess Total (95% CI) 430 435 100.0% -38.12 [-50.50, -25.74] <&
e T2 £ 108 71 Chit = = 4(P =004} =6 : : | |
Heterogeneity: Tau? = 106.71; Chi*= 10.28, df = 4 (P = 0.04); F=61% 400 50 0 50 100

Test for overall effect: Z = 6.04 (P < 0.00001) Favours B-l Favours R-Y

Fig. 3 Forest plot of the B R-Y Mean Difference Mean Difference
comparison of blood loss Study or Subgroup  Mean  SD Total Mean  SD Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI
for B-lvs. R-Y. B-I Billroth-I,  jmamuyra 2012 20 217 163 220 180 169 39.2%  -10.00(-52.97,32.97] —
R-Y Roux-en-Y, SD stan- Ishikawa 2005 374 392 26 432 250 24 22% -58.00[-238.85 12285 * ;
dard deviation, C/ confi- Lee 2012 1434 1773 49 2147 1897 47 134%  T160[4512,19 1

dence interval, green el- Nakamura 2016 153 1811 60 2214 239 59 124% -6840[14468,788) ¢
ements weighted mean Takiguchi 2012 20 230 132 203 153 136 328%  7.00[-39.91,53.81] —
difference (WMD) showing
that B-I has less blood loss  Total (95% CI) 430 435 100.0%  -20.97 [-47.85, 5.92] -
than R-Y, but no significant  peterogeneity: Chiz= 5.08, df = 4 (P = 0.28); 12 = 21% ‘ ‘ ‘ ‘
differences are observed Testfor overall effect: 2 = 153 (P = 0.13) A0 0 0 %00

' ' ' Favours B-l  Favours R-Y
B-l R-Y Mean Difference Mean Difference
r r Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV, Random, 95% ClI

Imamura 2012 141 65 163 164 104 169 479%  -2.30[4.16,-044]

Ishikawa 2005 1962 26 318 217 24 92% -12.80 [-21.80,-3.80] -

Lee 2012 92 31 49 108 77 47 429%  -160[-3.97,0.77]

Total (95% CI) 238 240 100.0%  -2.96[-5.93, 0.00]

1

Heterogeneity: Tau? = 3.87; Chi® = 5.56, df = 2 (P = 0.06); I* = 64%
Test for overall effect: Z = 1.96 (P = 0.05)

Fig. 4 Forest plot of the comparison of postoperative hos-
pital stay for B-l vs. R-Y. B-/ Billroth-I, R-Y Roux-en-Y,
SD standard deviation, C/ confidence interval, green elements

Mean SD
43 486

163

Total Weigh

169  66.9%

Imamura 2012 38 18

Ishikawa 2005 6516 26 115 157 24 33.1%
Total (95% CI) 189 193 100.0%

Heterogeneity: Tau? = 9.87; Chi? = 2.88, df = 1 (P = 0.09); I* = 65%
Test for overall effect: Z=0.51 (P = 0.61)

Fig. 5 Forest plot of the comparison of time to resumed
oral intake for B-l vs. R-Y. B-/ Billroth-I, R-Y Roux-en-Y,
SD standard deviation, C/ confidence interval, green elements

ratio [OR] 2.58, 95%Confidence interval [CI]: 1.78,
3.74; P<0.00001). No significant differences were ob-
served between the groups in terms of intraoperative
blood loss (Weighted mean difference [WMD] -20.97,
95%CI: —-47.85, 5.92; P=0.13), time to resumed oral
intake (WMD -1.32, 95%CI: -6.39, 3.75; P=0.61), re-
flux esophagitis (OR 1.71, 95%CI: 0.82, 3.57; P=0.15),
and recurrence (OR 1.10, 95%CI: 0.44, 2.71; P=0.84).
Moreover, the B-I reconstruction method took sig-
nificantly less time to perform as compared to R-Y

Mean Difference
Random, 95% CI
0.50[-0.26, 1.26]
-5.00[-11.31, 1.31)

1.32[-6.39, 3.75]

1 1
-100  -50 0 50 100
Favours B-l Favours R-Y

weighted mean difference (WMD) showing that B-I results in a
shorter postoperative hospital stay than R-Y

Mean Difference
D QRoY,

v, "dndom

f t T }
-100 -50 0 50 100
Favours B-l  Favours R-Y

weighted mean difference (WMD) showing that B-I results in a
shorter time to resumed oral intake than R-Y, but no significant
differences are observed

reconstruction (WMD -38.12, 95%CI: -50.50, —-25.74;
P<0.00001) and postoperative hospital stay was sig-
nificantly shorter in the B-I group than in the R-Y
group (WMD -2.96, 95%CI: -5.93, 0.00; P=0.05).

Our review of 3 RCTs [13, 14, 16], involving nearly
500 patients, showed that body weight loss was not
different between the two groups. Rates of change
in total protein, serum albumin, and total cholesterol
levels were similar between the two groups [13, 14,
16]. On the other hand, according to Tanaka’s [18]
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Fig. 6 Forest plot of B RY Odds Ratio Odds Ratio
the comparison of reflux Study or Subgroup _ Events Total Events Total Weight M-H. Random, 95% Cl M-H. Random. 95% Cl
gs_;’%'i"ﬁ%ttf_l‘joﬁg'gghi'“ Imamura 2012 26 155 10 157 27.8%  2.94[1.37,633 I
en-Y, CI confidence inter- Ishikawa 2005 7 % 8 23 19.0% 0.690.20, 2.34]

val, blue elements odds Lee 2012 12 49 4 47 19.1% 349[1.04,11.74] —
ratios (OR) showing that Montesani 2002 5 15 2 15 115% 3.25[0.52,20.37] I
R-Y is associated with a Nakamura 2016 8§ 5 10 52 226% 0.75[0.27, 2.07] '
reduction in the incidence

of reflux oesophagitis, but Total (95% Cl) 299 294 100.0% 1.71[0.82, 3.57] »

no significant differences Total events 58 4

are observed } 1 } ]

Heterogeneity: Tau? = 0.35; Chi® = 8.34, df = 4 (P = 0.08); I = 52%

T
0.01 01 1 10

Test for overall effect: Z = 1.43 (P = 0.15) Favours B-l Favours R-Y 100
Fig. 7 Forest plot of the B RY Odds Ratio Odds Ratio
corrtlpta_lrlsfon E(B)fl remn;ntY Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95% Cl
gastritis for B-l vs. R-Y. o
B-I Billroth-1, B-Y Roux- lma?mura 2012 71 156 44 157 68.10/0 2.15[1.34, 343 1§
en-Y, Cl confidence interval, Ishikawa 2005 16 26 723 81% 366[1.11,12.01] -
blue elements odds ratios Montesani 2002 9 15 8 15 9.1% 1.31 [031,558] ]
(OR) showing that R-Y is Nakamura 2016 3% 8 15 52 147%  4.80(2.10, 10.96) "
associated with a reduction
in th? !ncidence of remnant Total (95% CI) 250 247 100.0%  2.58[1.78, 3.74] ¢
gastritis Total events 131 74
4o iz = —ap= - 2= 940 I } t i
Heterogeneity: Chi .3.92, df=3(P=027);12=24% 001 01 1 0 100
Test for overall effect: Z = 5.02 (P < 0.00001) Favours B-l Favours R-Y
Fig. 8 Forest plot of the Bl R-Y Odds Ratio Odds Ratio
comparison of recurrence Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% Cl M-H, Fix % Cl

for B-I vs. R-Y. B-I Billroth-l,

R-Y Roux-en-Y, CI con- Nakamura 2016 5 60 6 62 607%  0.85[0.24,2.94]
fidence interval, blue el- Tanaka 2014 5 98 4 114 39.3% 1.48[0.39, 5.67]
ements odds ratios (OR)

showing that R-Y is asso- Total (95% Cl) 158 176 100.0%  1.10[0.44, 2.71]
ciated with less recurrence Total events 10 10

than B-I, but no significant
differences are observed

opinion, the visceral fat loss in the BMI > 22.5kg/m?
group for R-Y was greater than for B-I reconstruction.

Discussion

The choice of reconstruction method after DG re-
mains controversial. The ideal gastrointestinal recon-
struction procedure should minimize postoperative
morbidity and improve quality of life [19]. To our
knowledge, B-I reconstruction has usually been ap-
plied after DG for gastric cancer due to its simplicity
and shorter operating time.

We evaluated data regarding intraoperative blood
loss and time to resumed oral intake, and no signifi-
cant difference in either of these parameters between
the two groups was found. It may be largely due to
the use of gastrointestinal stapling devices and the re-
finement of technique.

The Roux-en-Y stasis syndrome is characterized by
symptoms of upper gut stasis after Roux-en-Y gastro-
jejunostomy [3, 15], and it is generally thought to be
caused by the fact that the Roux limb is separated

Heterogeneity: Chi? = 0.35, df = 1 (P = 0.55); 2= 0% y
Test for overall effect: Z=0.20 (P = 0.84)

001 01 1 10
Favours B-l Favours R-Y

from the natural small bowel pacemaker, which was
located in the proximal duodenum. In terms of the
postoperative course, the R-Y group showed a signif-
icantly higher frequency of nausea and vomiting as
well as a longer postoperative hospital stay compared
to the B-I group [11].

B-I is more commonly performed in Eastern coun-
tries because of its simplicity. The R-Y operation is
reported to be superior to the conventional B-I re-
constructions in preventing bile reflux into the gastric
remnant and in preventing impeding gastritis [20].
Previous studies indicated that the R-Y procedure
was more effective at preventing postoperative reflux
esophagitis [3, 21]. In contrast, several studies [7, 13,
14, 16] illustrated that there was no significant differ-
ence in reflux esophagitis between the two groups.
Our meta-analysis demonstrated that B-I was more
likely to occur remnant gastritis. This may attribute
to the absence of the pyloric sphincter, which allows
reflux of duodenal contents into the remnant stomach
[22]. It is important to state that reflux of duodenal
contents into the esophagus is strongly associated
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with Barrett’s esophagus or esophageal cancer and
remnant stomach cancer after gastrectomy [23-25].

The omega loop gastric bypass (OLGB) has become
a very commonly performed bariatric procedure, be-
cause it might be a promising procedure, simpler,
quicker, and safer with similar efficacy in comparison
to R-Y. Whether OLGB increased the reflux of bile into
the gastric pouch and into the esophagus is contro-
versial [26]. However, OLGB consists of a long narrow
vertical gastric pouch, thus, reflux into the esopha-
gus is not believed to be an OLGB-specific problem.
By contrast, the B-I lacks a long narrow gastric pouch
and reflux esophagitis is more likely. In OLGB and Bill-
roth II (B-II), the most important parallel is the single
anastomosis bypass of the duodenum without a Roux
limb. The OLGB distance of the gastrojejunostomy to
the esophagus is longer than in Billroth II.

Recurrence was important for evaluating the onco-
logical benefit of surgical intervention when lacking
of compromising post-operative survival. When the
primary lesion has directly invaded the duodenum or
head of the pancreas, B-I is more likely to result in
local recurrence than R-Y near the anastomosis. This
result was confirmed by Langhans et al. [27]. On the
contrary, there were no differences between the two
groups in terms of recurrence. As only two included
studies [16, 18] covered the recurrence, and none of
them mentioned the invasion of duodenum or head
of the pancreas, the bias was inevitable.

There is no difference in the postoperative nutri-
tional status between reconstructive procedures, de-
spite the fact that R-Y reconstruction might be a better
choice for obese patients who require distal gastrec-
tomy to treat gastric cancer.

This review has some limitations and hence the
results should be interpreted with a degree of cau-
tion. Firstly, several important outcomes including
remnant gastritis and reflux esophagitis have not been
reported adequately in the RCTs. Secondly, there is no
standard definition for recurrence in the literature. It
is important to mention that we were unable to ana-
lyze important outcomes including quality of life and
incidence of gastric carcinoma in the gastric remnant
due to lack of available data. We would therefore pro-
pose well-designed RCTs with adequate follow-up and
emphasis on assessing important outcomes to clarify
ambiguities surrounding the use of these reconstruc-
tion methods.

Conclusions

The R-Y reconstruction was effective in preventing
gastritis and esophagitis, although R-Y reconstruction
after gastric resection was inferior to BI reconstruc-
tion in terms of taking more time to perform and
length of stay in hospital. However, the results of the
present study should be verified by long-term follow-
up of these patients and additional randomized con-

trol studies are warranted to determine the clinical
efficacy of R-Y reconstruction in DG.

Conlflict of interest H. Liu and Y. Li declare that they have no
competing interests.
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