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Abstract

Background The controversy surrounding Roux-en-Y (R-Y) and Billroth Il with Braun (Bl +B) reconstruction

as an anti-bile reflux procedure after distal gastrectomy has persisted. Recent studies have demonstrated their effi-
cacy, but the long-term outcomes and postoperative quality of life (Qol) among patients have yet to be evaluated.
Therefore, we compared the short-term and long-term outcomes of the two procedures as well as QoL.

Methods The clinical data of 151 patients who underwent total laparoscopic distal gastrectomy (TLDG) at the Gas-
trointestinal Surgery Department of the Second Hospital of Fujian Medical University from January 2016 to December
2019 were retrospectively analyzed. Of these, 57 cases with Roux-en-Y procedure (R-Y group) and 94 cases with Bill-
roth Il with Braun procedure were included (BIl+B group). Operative and postoperative conditions, early and late
complications, endoscopic outcomes at year 1 and year 3 after surgery, nutritional indicators, and quality of life scores
at year 3 postoperatively were compared between the two groups.

Results The R-Y group recorded a significantly longer operative time (194.65+21.52 vs. 183.88+ 18.02 min) and anas-
tomotic time (36.96+2.43 vs. 27.97 +£3.74 min) compared to the BIl+B group (p < 0.05). However, no other significant
differences were observed in terms of perioperative variables, including blood loss (p> 0.05). Both groups showed
comparable rates of early and late complications. Endoscopic findings indicated similar food residuals at years 1

and 3 post-surgery for both groups. The R-Y group had a lower occurrence of residual gastritis and bile reflux at year

1 and year 3 after surgery, with a statistically significant difference (p <0.001). Reflux esophagitis was not signifi-
cantly different between the R-Y and Bll+B groups in year 1 after surgery (p=0.820), but the R-Y group had a lower
incidence than the BIl+B group in year 3 after surgery (p=0.023). Nutritional outcomes at 3 years after surgery did
not differ significantly between the two groups (p > 0.05). Quality of life scores measured by the QLQ-C30 scale were
not significantly different between the two groups. However, on the QLQ-STO22 scale, the reflux score was signifi-
cantly lower in the R-Y group than in the Bll+B group (0 [0, 0] vs. 5.56 [0, 11.11]) (p=0.003). The rest of the scores were
not significantly different (p>0.05).
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Conclusion Both R-Y and B Il+B reconstructions are equally safe and efficient for TLDG. Nevertheless, the R-Y recon-
struction reduces the incidence of residual gastritis, bile reflux, and reflux esophagitis, as well as postoperative reflux
symptoms, and provides a better quality of life for patients. R-Y reconstruction is superior to Bll + B reconstruction

for TLDG.

Keywords Roux-en-Y, Billroth Il with Braun, Bile reflux, Long-term outcomes, Quality of life, Total laparoscopic distal

gastrectomy

Introduction

Quality of life (QoL) among gastric cancer patients
post-surgery has become a major focus for surgeons [1].
Changes in digestive tract continuity often result in com-
plications following distal gastrectomy, such as alkaline
reflux gastritis, dumping syndrome, and delayed gastric
emptying [2]. Among these complications, heartburn and
abdominal pain caused by alkaline reflux gastritis heav-
ily impact patient QoL [3]. Previously, the Billroth II pro-
cedure was reportedly accompanied by significant bile
reflux [4]. The Roux-en-Y (R-Y) method has a relatively
better long-term prognosis due to the superior anti-
reflux effect [5]. Consequently, surgeons perform Braun
anastomosis to reduce bile reflux after Billroth II. None-
theless, earlier studies exhibited unsatisfactory outcomes
[6].

Since the development and widespread use of laparo-
scopic distal gastrectomy (LDG), the oncologic safety and
surgical security have been proven comparable to those
of open surgery [7]. Currently, laparoscopic-assisted dis-
tal gastrectomy (LADG) remains the primary approach
for LDG. However, with the advancement of laparoscopic
techniques and linear staplers, attention has shifted
toward total laparoscopic distal gastrectomy (TLDG).
This minimally invasive procedure reduces postoperative
pain, complications, and recovery period, in addition to
enhancing the perioperative experience [8]. Nonetheless,
TLDG must be performed by qualified and skilled sur-
geons to ensure a successful operation [9].

The R-Y and Billroth II with Braun (BII + B) reconstruc-
tions remain controversial as anti-biliary reflux proce-
dures after distal gastrectomy. Both procedures have
been compared in the literature, but most studies have
emphasized short-term efficacy [10, 11]. Thus, this study
compared the short- and long-term efficacy and QoL
between R-Y and BII + B reconstructions.

Materials and methods

Participants

This retrospective study was conducted at the Gastro-
intestinal Surgery Department of the Second Affiliated
Hospital of Fujian Medical University, spanning from
January 2016 to December 2019. Data were collected

from gastric cancer patients who underwent distal
gastrectomy by a single surgical team. Patients who
underwent open surgery, the Billroth I procedure, or
extracorporeal anastomosis involving R-Y and BII+
B procedures were excluded from the study. In total,
176 patients underwent TLDG utilizing the R-Y and
BII+ B procedures (R-Y =66, BII + B=110). Inclusion
criteria encompassed patients who underwent TLDG
with R-Y and BII+B procedures and received post-
operative pathological diagnoses falling within stages
I to IIl. Exclusion criteria included combined resec-
tion, intraoperative conversion to open surgery, loss
to follow-up, death, or distant tumor metastasis. The
final analysis comprised 151 patients, categorized into
the R-Y group (n=57), and the BII+B group (n=94)
(refer to Fig. 1). The preference for the reconstructive
method gradually shifted toward the R-Y procedure
in 2019 due to severe bile reflux observed following
BII+ B procedure.

Surgical procedure
Gastrointestinal (GI) reconstruction after D2 lymph node
dissection and distal gastrectomy.

Roux-en-Y reconstruction

The jejunum was dissected 25 cm from the Treitz liga-
ment. We performed a gastric-jejunal side-to-side anas-
tomosis using a linear stapler and closed the common
opening with manual sutures. Afterwards, a lateral
jejuno-jejunal anastomosis was created 25 cm away from
the gastrojejunal anastomosis (refer to Fig. 2).

Billrothll with Braun

A side-to-side gastrojejunal anastomosis was conducted
25 c¢m from the Treitz ligament, and the common gastro-
jejunal opening was closed using hand suturing. Addi-
tionally, a side-to-side jejuno-jejunal anastomosis was
carried out 15 cm distal to the gastrojejunal anastomosis
(refer to Fig. 3).

Observation indexes

Clinicopathological data and perioperative variables
Clinicopathological data:sex, age, BMI (body mass
index), tumor location, tumor size, differentiation
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258 gastric cancer patients
treated by distal gastrectomy

Excllued n=82
-Open surical n=12

- 5| -Billroth I recontruction n=38
-Extracorporeal anastomosis R-Y
and BII+B n=32

176 patients underwent TLDG R-Y
and BII+B (R-Y=66,BII+B=110)

Excllued n=25

-Follow up loss n=14(R-Y=5,BII+B=9)

- Death n=7(R-Y=2,B2+B=5)
[Distant tumor metastasis=4(R-

Y=2,BII+B=2)

l

R-Y group BII+B group
n=57 =94

Fig. 1 Study flow chart

Fig. 2 Roux-en-Y reconstruction

degree, neoadjuvant therapy, TNM stage, ASA score, assessed based on the American Society of Anesthesiol-
and follow-up times. The tumor TNM staging was deter-  ogists Classification [13].

mined according to the 8th edition of the American Perioperative variables were blood loss, anastomotic
Joint Committee on Cancer (AJCC) [12]. ASA score was  time, operation time, time to initial exhaust, time to
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Fig. 3 Billrothll with Braun reconstruction

initial liquid food, time to the removal of the abdominal
drain, and postoperative hospital days.

Early complications

Obstruction, anastomotic bleeding, delayed gastric emp-
tying, anastomosis leakage, anastomotic stricture, intra-
abdominal bleeding, intra-abdominal abscess, pancreatic
fistula, chylous leakage, wound morbidity, Roux stasis
syndrome (RSS), and pneumonia. RSS is defined as fol-
lows: (1) postoperative symptoms of induced nausea,
vomiting, and abdominal distension; (2) perfect imag-
ing, endoscopy to exclude mechanical obstruction (anas-
tomotic stricture), and imaging suggestive of intestinal
obstruction are not included in RSS [14]. According to
the Clavien-Dindo classification, early complications
were graded [15].

Late complications

Dumping syndrome, anastomotic ulcer, anastomotic
stricture, anastomotic ileus, and intra-abdominal hernia.
Dumping syndrome is defined as palpitations, hot flashes,
excessive sweating, and hypoglycemia after eating.

Endoscopic findings

Endoscopic results at 1 and 3 years postoperation. Evalu-
ation of postoperative residue, gastritis, and bile reflux
was performed according to the Kubo M endoscopic

grading method [16]. Reflux esophagitis was assessed
according to the Los Angeles Grading System [17].

Nutrition

Body mass index (BMI), hemoglobin, protein, and
albumin to the preoperative ratio in the 3rd year of
post-surgery.

Quality of life assessment (3rd year post-surgery)
Quality of life in the third year post-surgery was assessed
using the Quality of Life Questionnaire-Core 30 (QLQ-
C30) and the Stomach Cancer Specific Modular Scale
(QLQ-STO22), both developed by the European Organi-
zation for Research and Cancer Treatment (EORTC).
These evaluations were carried out through outpatient
follow-ups or telephone interviews. The QLQ-C30 ques-
tionnaire, comprising 30 items, encompasses five func-
tional scales (physical, role, cognitive, emotional, and
social), three symptom scales (fatigue, pain, nausea,
and vomiting), six individual items, and a Global Health
Status and Quality of Life scale. On the other hand, the
EORTC QLQ-STO22 includes 22 items distributed
across five symptom scales (dysphagia, epigastric pain,
reflux, eating restrictions, anxiety) and four individual
items [18].

All scale scores were linearly transformed to 0-100
scores. Higher scores on the global health status and QoL
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scale and the five functional scales of the QLQ-C30 indi-
cate a better quality of life, while elevated scores on the
three symptom scales and six individual items suggest a
poorer quality of life. In the STO22, higher scores indi-
cate greater symptom severity, reflecting a lower quality
of life [19].

Statistical analysis

Statistical analysis was conducted using SPSS 26.0 soft-
ware in this study. Data with a normal distribution are
presented as the mean + standard deviation, and the ¢-test
was employed for group comparisons. Skewed data are
described as medians with 25th and 75th percentiles, and
the Mann—Whitney U test was used for group compari-
sons. Categorical data were analyzed using the chi-square
test or Fisher’s exact test. Rank data were compared using

Table 1 Clinicopathological data and perioperative variables

Page 5 of 13

the nonparametric rank-sum test. Statistical significance
was set at p<0.05.

Results
Clinicopathological data and perioperative variables
Clinicopathological data from 151 patients, including
sex, age, BMI, tumor location, tumor size, differentia-
tion degree, neoadjuvant therapy, TNM stage, and ASA
score, were collected for this study. These parameters
were comparable between the R-Y and BII+B groups
(p>0.05). The R-Y group had a median follow-up time of
45 months (range 36—66), while the BII+B group had a
median follow-up time of 59 months (range 44—72) (refer
to Table 1).

In terms of perioperative variables, no significant
difference in blood loss was observed between the
groups. However, there were statistically significant

R-Y (n=57) Bll+B (n=94) p value
Clinicopathological data
Sex 0.299
Male 36 (63.2) 67 (71.3)
Female 21 (36.8) 27 (28.7)
Age (years) 61.72+11.08 60.29+10.21 042
BMI (kg/mz) 22.25+295 21534282 0.143
Location of tumor 0511
Middle third 18 (31.6) 25 (26.6)
Lower third 39 (684) 69 (73.4)
Tumor size (diameter, cm) 3.70+1.90 3.63+1.85 0.819
Differentiation 0415
Low 30 (52.6) 60 (63.8)
Medium 21(36.8) 18(19.1)
High 6(10.5) 16 (17.0)
Neoadjuvant chemotherapy 6 (10.5) 13(13.8) 0.553
pTNM-stage 0.351
I 29 (50.9) 38 (404)
Il 7(12.3) 18(19.1)
1l 21(36.8) 38 (40.4)
ASA 0.865
[=I1 49 (86.0) 80 (85.1)
Il 8(14.0) 14 (14.9)
Follow-up times: months 45 (36-66) 59 (44-72)
Operative and postoperative conditions
Blood loss(ml) 5482+2167 5041+21.54 0.226
Anastomotic time (min) 36.96+243 2797 +3.74 0.001
Operative time (min) 194.65+21.52 183.88+18.02 <0.001
Time to first exhaust (days) 2.0(2.0;3.0) 2.0(3.0;3.0 0.125
Time to first liquid diet (days) 3.0(3.0;4.0) 3.0(3.0;4.0) 0.101
Time to remove abdominal drain (days) 8.0(7.0;9.0) 8.0(7.0;9.0) 0.199
Postoperative hospital days (days) 9.0(8.0;10.0) 9.5(8.0;10.0) 0.065
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Table 2 Early complications

R-Y(n=57) BII+B(n=94) pvalue

Early complication 6(10.5) 15(16.0) 035

Intestinal obstruction 1(1.8) 2(2.1)

Delayed gastricemptying 0 2.1)

Anastomotic bleeding 1(1.8) 101.1)

Anastomosis leakage 0 220

Anastomotic stricture 0 0

Intra-abdominal bleeding 0 1

Intra-abdominal abscess 1 2(2.1)

Pancreatic fistula 1 0

Chylous leakage 0 1(1.1)

Wound morbidity 0 1(1.1)

RSS 1 0

Pneumonia 1 4(43)
Clavien-Dindo 0.368

Il 3(5.3) 9(9.6)

Il 3(5.3) 6(64)
Table 3 Late complications

R-Y (n=57) Bll+B (n=94) p value

Late complications 6(10.5) 12(12.8) 0.681
Dumping syndrome 5(8.8) 7(74)
Anastomosis ulcer 0 1(1.1)
Anastomosis stricture 0 0
Adhesive ileus 1(1.8) 2(2.1)
Internal hernia 0 2(2.1)

disparities in operative time (R-Y 194.65+21.52 vs.
BII+B 183.88+18.02) and anastomotic time (R-Y
36.96+2.43 vs. BII+B 27.97+3.74) between the R-Y
and BII+B groups (p<0.05). Meanwhile, there were no
significant differences between the postoperative condi-
tions of both groups in terms of time to initially exhaust,
time to initial liquid food, time to remove the abdominal
drain, and postoperative hospital days (p >0.05) (refer to
Table 1).

Early complications

The early complication rate was 10.5% in the R-Y group
and 16.0% in the BII+ B group. No significant difference
was found between the two groups regarding the grade of
complications (p > 0.05) (refer to Table 2).

Late complications

Late complications occurred in 10.5% of the R-Y group
and 12.8% of the BII+B group, but the difference
between the two groups was not statistically significant
(p=0.931) (refer to Table 3).
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Endoscopy findings

There was no significant difference between both groups
in terms of the endoscopic findings of food residues at
years 1 and 3 (p >0.05). Conversely, the occurrence of bile
reflux and residual gastritis at years 1 and 3 was lower
in the R-Y group than in the BII+B group (p<0.001).
Regarding reflux esophagitis, there was no significant dif-
ference between the groups in year 1, but in year 3, the
R-Y group had a lower incidence compared to the BII+B
group (p=0.023) (refer to Fig. 4).

Nutrition

The differences in BMI, hemoglobin, protein, and albu-
min to preoperative ratio at 3 years post-surgery were not
statistically significant (p >0.05) (refer to Table 4).

Quality of life assessment (3rd year post-surgery)

The differences between QLQ-C30 scores in all items
were not found to be statistically significant (p>0.05)
(refer to Table 5). However, on the QLQ-STO22 scale,
the R-Y group had a lower epigastric pain score than the
BII+B group (0 [0,0] vs. 0 [0, 11.11]), although the dif-
ference was not statistically significant (p=0.534). Addi-
tionally, the reflux score was significantly lower in the
R-Y group than in the BII+B group (0 [0, 0] vs. 5.56 [0,
11.11]) (p=0.003). The remaining items in the QLQ-
STO22 did not show significant differences (p>0.05)
(refer to Table 6).

Discussion

Currently, TLDG has become a hot topic among sur-
geons. Ikeda O et al. [20] demonstrated that TLDG is
associated with less invasiveness, reduced blood loss,
smaller incisions, and a lower incidence of postoperative
infections compared to LDG. In addition, Kanaya S et al.
[21] reported the application of delta anastomosis, which
facilitates the Billroth I procedure in TLDG. Although
the reconstruction process of the R-Y is more complex,
surgeons have made modifications to make it equally
easy and safe in TLDG. Takaori K et al. [22] described the
use of a linear stapler in isoperistaltic anastomosis R-Y
reconstruction for TLDG. Okuno K et al. [23] proposed
B-type R-Y reconstruction, which avoids the need for lap-
aroscopic suturing.

Ideally, GI reconstruction after LDG should preserve
residual gastric function, minimize long-term complica-
tions, and enhance the postoperative quality of life over
the long term. The typical reconstruction involves Bill-
roth I, Billroth II, and R-Y procedures. Billroth I proce-
dure has the advantage of food passage in the duodenal
pathway, but the risk of anastomotic fistula may be higher
when the residual stomach is small; thus, this method is
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Fig. 4 Comparison of endoscopic findings in the remnant stomach and reflux esophagitis at 1 and 3 years post-operation. Residue, gastritis,
and bile reflux were graded using the RGB score system. Reflux esophagitis was classified according to the Los Angeles (LA) classification. The x-axis

represents the percentage

Table 4 Nutritional indicators to the preoperative ratio in the
3rd year after surgery

R-Y (n=57) Bll+B (n=94) p value
BMI (%) 97.66+5.18 97.83+745 0.873
Hemoglobin(%) 105.94+19.53 107.32+22.82 0.704
Protein (%) 106.53+12.47 106.62+16.69 097
Albumin (%) 103.32+14.98 107.00+19.51 0.224
Cholesterol (%) 96.70+20.47 100.22+32.03 0423

BMI body mass index

suitable for early-stage gastric patients [24]. In China,
progressive gastric cancer is more common, and as a
result, Billroth II and R-Y reconstructions more fre-
quently performed. Billroth II reconstruction has the
advantage of low tension but increases the risk of bile
reflux gastritis and reflux esophagitis [25]. As a result,
Braun made an anastomosis between the efferent and
afferent loop at 10-15 c¢cm from the gastrojejunal anas-
tomosis based on Billroth II in 1892, effectively divert-
ing partial bile and pancreatic fluid [26]. Nevertheless,
this method has limitations, where studies still detected
bile reflux and residual gastritis postsurgery [27]. In con-
trast, the R-Y method has the advantage of low-tension

anastomosis. The long R-Y limb between the gastrojeju-
nal and jejunojejunal anastomosis is beneficial for anti-
bile reflux [4]. Nevertheless, previous studies indicated
that RSS is often associated with nausea and vomiting
post-surgery, possibly due to the disruption of intesti-
nal electrophysiological continuity, thus affecting the
patient’s QoL [28].

Surgical safety is a priority for surgeons when decid-
ing the best reconstruction method. This study’s find-
ings suggested that the R-Y group had significantly longer
operative and anastomosis times compared to the BII+ B
group. Meanwhile, there was no significant difference in
blood loss or postoperative recovery between the groups,
which was consistent with studies by Chi F and Cui LH
[11, 29]. R-Y procedure mesentery separation and jeju-
num dissection did not increase the risk of bleeding but
prolonged the operative time. In addition, Yalikun A
reported no significant difference in early postoperative
complications between the R-Y (14.7%) and BII + B (7.5%)
groups, which is similar to Shishegar A’s findings [30,
31]. In the present study, no significant differences were
observed in the incidence of early complications (R-Y
10.5 vs. BII+ B 16.0%) or late complications (R-Y 10.5 vs.
BII+B 12.8%) between the two groups. Therefore, the
safety of both procedures was comparable for TLDG.
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Table 5 QLQ-C30 scores at year 3 postsurgery
Items R-Y (n=57) Bll+B (n=94) p value
Global health status and QOL 83.33 (66.67,83.33) 83.33 (66.67, 83.33) 0419
Physical functioning 100 (86.67, 100) 100 (93.33, 100) 0.335
Role functioning 100 (100, 100) 100 (100, 100) 0403
Cognitive functioning 100 (100, 100) 100 (100, 100) 0.707
Emotional functioning 100 (100, 100) 100 (100, 100) 0.135
Social functioning 100 (100, 100) 100 (100, 100) 0.449
Fatigue 16.67 (0, 16.67) 16.67 (12.50, 16.67) 0.622
Nausea and vomiting 0(0,0) 0(0,0) 0.816
Pain 0(0,0) 0(0,0) 0.726
Dyspnea 0(0,0) 0(0,0) 0.269
Insomnia 0(0,0) 0(0,0) 0315
Appetite loss 0(0,0) 0(0,0) 0.505
Constipation 0(0,0) 0(0,0) 0.834
Diarrhea 0(0,0) 0(0,0) 0.492
Financial difficulties 0(0,0) 0(0,0) 042
Table 6 QLQ-STO22 score at year 3 postsurgery was significantly lower than that in previous reports.
Therefore, it was postulated that the 25-cm R-Y limb and
Items R-Y (n=57) Bll+B (n=94) p value . . . .. . .
the isoperistaltic gastrojejunal anastomosis potentially
Dysphagia 0(0,0) 0(0,0) 0.602 reduced RSS incidence.
Epigastric pain 0(0,0) 0(0,11.11) 0534 Alkaline reflux gastritis caused by bile reflux is a signifi-
Reflux symptoms 0(0,0) 556 (0, 11.11) 0.003 cant factor that impacts the patient’s postoperative life
Eating restriction 0(0,0) 0(0,0) 0.123 [36]. Refluxed bile damage to the residual gastric mucosa
Anxiety 0(0,0) 0(0,0) 0.143 results in residual gastritis, reflux esophagitis, and an
Having a dry mouth 0(0,0) 0(0,0) 0.199 increased risk of esophageal and residual gastric cancer
Taste 0(0,0) 0(0,0) 0436 [37, 38]. However, the effectiveness of the R-Y and BII+B
Body image 0(0,0) 0(0,0) 0.586 procedures in preventing bile reflux remains controver-
Hair loss 0(0,0) 0(0,0) 0.269 sial. Lee MS and Park JY reported that endoscopic find-

RSS symptoms include stomach discomfort, bloating,
and vomiting and are caused by delayed emptying in non-
mechanical obstruction after the R-Y procedure, with an
incidence rate of 10 to 30% [32]. The mechanism may be
related to intestinal interruption, resulting in slow waves
emitted by the “Y” limb that caused the limb to move ret-
rogradely toward gastric motility [28].

However, the advancement of anastomotic devices
and the modification of the traditional R-Y reconstruc-
tion by some surgeons in recent studies have significantly
decreased the incidence of RSS. Gustavsson S demon-
strated that an excessively long R-Y limb is a risk fac-
tor for RSS [14]. Motoyama K and An JY controlled the
length of the “R-Y limb” to 25-30 cm, and none expe-
rienced RSS postoperatively [33, 34]. Additionally, our
study utilized isoperistaltic R-Y reconstruction, which
aligns more closely with human physiology and facilitates
food emptying compared to antiperistaltic anastomosis
[35]. Only one patient experienced RSS (1.8%), which

ings a year after surgery exhibited significantly higher
bile reflux and a higher degree of residual gastritis in the
BII+ B group than in the R-Y group [39, 40]. In contrast,
Yalikun A indicated that a modified BII+B reconstruc-
tion with prolonged afferent and efferent loops had post-
operative bile reflux and residual gastritis comparable to
R-Y reconstruction but may increase the risk of afferent
limb torsion and internal hernia [40].

In the current study, the endoscopic findings at years 1
and 3 post-surgery revealed significantly lower levels of
residual gastritis and occurrences of bile reflux in the R-Y
group compared to the BII+B group. The superiority of
R-Y reconstruction in terms of anti-reflux effects can be
attributed to several factors. First, the Billroth II gastro-
jejunal anastomosis lacks anti-reflux properties, allowing
bile from the afferent loop to flow into the residual stom-
ach along with intestinal peristalsis. Second, even with
the Braun procedure diverting bile, some bile may still
reflux to the residual stomach since the Braun anastomo-
sis is positioned only 10—15 cm away from the gastroje-
junostomy. In contrast, R-Y reconstruction anastomoses



Page 9 of 13

(2023) 21:361

Chen et al. World Journal of Surgical Oncology

sdnoib omy ayy usamiaq
9|gesedwod a1am AId
-A0D3J dAIRISdOISOd pue
K19yeS [B216INS 7

||g 01 paseduwlod sawi

sisouloiseue pue uony 7S d+11d
SUON SUON SUON -esadolabuolepey Ay L LS AY £/0202-1/610C Apnis aAndadsonay [Ll]euyd'1zoc 414D
sdnolb om1 ay3 usamiag
194 | UM suoled
-l|[dwod wis1-buo| pue
suoned||duwod aApelado
sdnoib omi syl usamiaq -150d AjJea ul aoualayip
sibeydosa xnpjal pue  1uedyIUbIS OuU Sem a1y ] 7
SI31seb |enpisal Jo adual dnoib
-INJ20 33 U] PaAIasqo 119 9Y3 01 pasedwiod
9DUI24IP OU SeM dnoib A-Y ayr ut 1aybiy
alay) ‘AjaAnesado alam sso| poojq pue ¥ g+ (el
SUON SUON -150d syuowl 9 1y swnaApesdo | T AY  1/070Z-1/810C  Apnis aandadsold uel| ‘zzoz 'y Jebaysiys
sdnoib
92.y1 2y1 buowe (buiuon
-dUny |BI20S PUE ‘[BUOIOWD sdnoib aa1y1 ay1 buowe
‘leo1sAyd ‘swordwiAs) sa10ds  sdnoib a1yl ayi buowe 'sdnob omy Ajpuedylubls Jagip 10u
9/B2SQNS 94} puR 310DS (Ulwingle ‘uigojboway  JaYio ay1 01 paJeduwlod si pIp suoled|dwod
[TOID [PI01 Y3 Ul 9DUD ‘IINg) sJo1edipul [euoly  -1i1seb [enpisal pue xnyal aAne1adolsod 7 s 9+11g
-19441p JUedYIUBIS OU SeM -1INU Ul 9DUIRLIP 3|Iq Jamo| Apuedylubis saw uonesado
alay1 ‘Aisbins Jae  1uedyiubis ou sem a1yl paugiyxe dnolb A-Y syl Ja0ys Apuesyubls LV Ad
SYIUOW 7| pue 91y ‘K1261ns-150d Jeak-| 1y ‘K19bins-1s0d Jeak-| 1y peydnolb|-gayll 6b 9 8//007-€/900C  Apnis aAidadsold [6£]1e210Y ‘| 10T ‘S 997
A-d 01 paiedwod dnoib
l1g 3y ur1ayby Apuesyiu
-bis sem siibeydoss xn|yal
“Jlew Jeak-z ayr Ag 7 sdnoub say1 usamiaq
siidiseb |enpisal pue  A|[eDIISIIeIS JSIP 10U pIp
Xn|yal 9)iq Jo sares2ybly  suonedidwod aanesado
paousiadxa dnolb  -1s0d Jo 9duUspIdUl BY| T
119 Y1 ‘A1abans-1s0d swnuon O g+
SUON SUON leaf-g puesedk-| 1y | -esddossbuoje pey Ay L 97 AY 8/7102-¥/0107 Apnisaapdadsonay  [gi] e2103 ‘9102 D 10D U
awodno
3j1] Jo Aujend UoIIINN sbuipuy didodsopug |e216ans Arewiid u ainpadoid pouad Apms ubisap Apnis A1unod “eak Joyiny

POM3IADI SIIPNIS JO SHNSAY £ djqeL



Page 10 of 13

(2023) 21:361

Chen et al. World Journal of Surgical Oncology

UOI1dNJISUOdRI Uneig YUM [[Y104||ig § +//g ‘UOIIdNIISUOIRI || Y104||Ig /g ‘UOIIdDNIISUOIDI [UY10JI||Ig /g ‘UOIIDNIISUOIAI A-UD-XNOY A-Y

SWoIdWIAS 159p|IW 3Y3
pasusuadxs dnoib

A-H 91 pue ‘pa3en|eAs aiam
(easneu pue ‘buieo|q |elp
-ueidisod ‘Buniwon Aleljiq

xnyal a1

SI9Y10 Uey)
uo11D3jul LOJAd 4910eq0D

-I|9H s3] pey dnoib A-Y '€

S11IISeD Jap|Iw yam
"(%€€8) 119 PUB (%6'S/)
Iig 01 pa1edwod (%8'G 1)
19MO| PeY A-d ¢

saunpadoud
IIlg pue ¢g ueyi xnyjai

sdnoub Buowe Juaiayip
A|[BD11S11E)S 10U 1B SUOIED
-||dw o> aAReISd01SOd T

‘uingueay ‘ured ousebids) D113SeDOISIUD A-Y SS9|  9qN1 DLISEHOSeU Y1 WO} ¢l
Awo3danseb [eisip Jo swoy pamoys Aydeibnuids indino aanesado 6
-dwiAs ‘A1961ns soye seak | SUON Ateliq ek | sayy | Asodsss| peyAY L 6l 1/S002~1/2007  Apnis aadadsonay  [£4] eUlyd 'Z007 DA ueyd
sdnoib aa1y1 ay1 buowe
A|led1isnels Jagip 1ou pip
AJoA0Dda1 pue suoped)d
-Wwod aAne1adolsod ¢
sdnoib aa1y1 ay1 buowe dnoib AY INdUN Y3 Ul 159
(ulungje ‘uigojboway sdnoib A-Y INdUN pUB  -MO| Y} SBM SSO| poo|g T LY
‘|INgG) SI01BDIPUI [BUOIY  A-H DY Ul JOMO| SBM S[IIIY dnoib Ay IndUn ay3 Ul 6c
-INU Ul 9DUSISYIP -seb [enpisal pue xnyal 1s31l0ys pue dnoib
JueDYIUBIS OU Sem 213y} 3]Iq Jo dUIPIdUI YL Ad 341 Ul 1sabuoj sem 9L
SUON ‘K19bins 1a1je Jeak | ‘K196.ns 1aye Jeak | awin bunersdoayl | SS 01/£107-£/5007 Apnis aAlDadsonay [0F] 210y 10T ‘Al }Ied
sdnoib om1 ay1 usamiaq suoledd
(Xn|a1 pue ‘9dujNIeY -wod aAeladoisod pue
‘esdadsAp ‘uopedisuod sdnoib omi syl usamiaq ‘sniey} 151y 01 dWi} ‘sso|
‘eayuielp) swoldwAs  sdnoib omi syl usamiaq siiseb jenpisal 1o pOOI|q Ul S9DUIBYIP
|euns1uUI0115eH JO 30U SUOJIBLIBA (ING) XapUl XN|ya1 3|Iq JO dUP JuedyIubIS ou pamoys
-INDD0 dY} Ul 9DUSIBYIP  SSewd Apoq Ul 9dUIayip -1DUI SY1 Ul 9dUBI94IP sdnoib omiay] 7
JUeDYIUDIS OU Sem 243yl JUBDYIUDIS OU Sem 313yl JUedYIUbIS Ou Sem a1y} swnuon 9
‘A19b4ns Ja1je syiuow 9 ‘K1964Ns Ja1je syiuow 9 ‘A19bins Jaye sypuow 9 -esado Jsbuojepey Ayl Of 21/5107-1/€207  Apnis aAlDadsonay [67] B210% '£10Z 71D
sdnoib
OM] 34} U93M1D] SUOIeD
-||dwod aAesadolsod Jo
A-Y 01 pasedwiod s A1I9A3S puUe DU
-Laseb |enpisal pue xnyyai -DUl 3Y1 Ul 9DUIRLIP
3[Ig JO dUIPIdUI DY Ul JURDYIUDIS OU SeM 213y 7
92UBIaYIp 1UedYIUBIS Ou A-Y 01 paledwiod sawin
pamoys ainpadoid ||g pay 9A11819dO pUE SISOWO) cp
-lpowl ay3 ‘A1abins-1sod  -seue J91I0YS pey INpad
SUON SUON 1eak | pue syuow 91y -0id |Ig paylpow 3y 'L 0l Ad TL/6102-1/9107 Apnis aandadsonay  [0€] BUIYD ‘TZ0T 'Y UnjieA
awodno
911 Jo Aujend uonuINN sbuipuy didodsopug |ea16ans Arewiid u ainpadoid ubisap Apnis A1unod Jeak Joyiny

(panunuod) £ 9jqel



Chen et al. World Journal of Surgical Oncology ~ (2023) 21:361

the proximal jejunum with the distal jejunum, preventing
the direct flow of bile into the remaining stomach. Finally,
the long and steep limb between the gastrojejunal and
jejunojejunal anastomosis in R-Y reconstruction makes
bile reflux into the residual stomach difficult.

Chung JH’s endoscopic findings at 6—32 months dem-
onstrated that the proportion of grade 2 and 3 residual
gastritis increased from 73.0 to 86.1% in the BII+B
group, and the incidence of reflux esophagitis rose from
1 to 15.7% [41]. Similarly, Choi C’s endoscopic find-
ings at year 2 postoperatively showed increased bile
reflux and an aggravated degree of residual gastritis in
the BII+B group compared to year 1, with significantly
higher reflux esophagitis compared to the R-Y group
[42]. In the current study, the proportion of grade 2 and
3 residual gastritis increased in the BII+B group at year
3 postoperatively by 86.2% compared with 74.5% at year
1. Conversely, there was no significant change in the
R-Y group. Furthermore, there was no significant differ-
ence in the degree of reflux esophagitis between the two
groups in year 1, but in year 3, the occurrence was signifi-
cantly lower in the R-Y group than in the BII+B group
(p=0.023). These findings suggest that the degree of
residual gastritis and reflux esophagitis due to bile reflux
may worsen over time, indicating that the R-Y group has
a better long-term prognosis.

Moreover, when the residual stomach is smaller, the
distance between the gastrojejunal anastomosis and
the cardia is reduced. This shortened distance increases
the likelihood of bile damaging the esophageal mucosa,
leading to reflux esophagitis. Therefore, the R-Y method
is advantageous when the patient’s residual stomach is
small. Additionally, the two groups had no significant dif-
ferences in BMI, hemoglobin, protein, or albumin to the
preoperative ratio at year 3 post-surgery. Likewise, Lee
MS and Park JY also reported similar results [39, 40].

Gastric surgery alters digestive structure and function,
leading to post-gastrectomy symptoms such as restricted
eating, appetite loss, and reflux, significantly impacting
long-term quality of life. Lee MS’s study suggested that
R-Y procedure reduces bile reflux, but at 6 and 12 months
post-surgery, the Gastrointestinal Quality of Life Index
scores, including symptoms, physical, emotional, and
social functions, showed no significant difference com-
pared to Billroth I and BII+ B methods [39]. Cui L com-
pared R-Y and BII+B groups at 6 months post-surgery
and found no significant differences in gastrointestinal
symptom scores [29]. However, Chan DC et al. indicated
that R-Y reconstruction can reduce bile reflux-related
abdominal pain and heartburn, enhancing quality of life
after surgery [43].

The combined use of EORTC QLQ-30 and STO22
questionnaires allows a comprehensive evaluation of
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post-gastrectomy Qol from physical, and mental health,
and specific gastric cancer-related symptoms. Smolskas
E’s study revealed no significant differences in QLQ-30
scores 1 year after surgery among the Billroth I, Bill-
roth II, and R-Y groups. However, specific gastric cancer
symptoms were not assessed using STO22 [44]. Yang K’s
research demonstrated that R-Y reconstruction reduces
reflux, leading to a better long-term quality of life com-
pared to Billroth I [45]. This study’s results indicate that
3 years after surgery, R-Y and BII+B groups show no
significant differences in the QLQ-30 scales. However, in
the STO22 scale, the R-Y group had lower scores for epi-
gastric pain and reflux symptoms compared to the BII_B
group, indicating a better postoperative quality of life.

However, this study has limitations. It is a single-center
retrospective study with small sample size. Preoperative
QOL was not assessed, making it impossible to establish
a baseline. Additionally, postoperative QoL was evalu-
ated at a single time point, which does not capture the
dynamic changes in QoL over time. Future research will
involve large-scale, multicenter prospective studies to
address these limitations. Furthermore, we have col-
lated findings from prior studies focusing on surgical
and endoscopic outcomes, nutrition, and quality of life,
to offer a comparative perspective with the results of our
current research (refer to Table 7).

Conclusion

The anastomotic time of R-Y reconstruction in TLDG
is longer than that of BII+B reconstruction. However,
there is no increased risk of bleeding associated with
R-Y reconstruction. Postoperative recovery and surgi-
cal safety were comparable in both groups. Nonetheless,
R-Y reconstruction exhibits a superior anti-biliary reflux
effect, reducing residual gastritis and reflux esophagitis
in comparison to BII+B reconstruction. Furthermore,
R-Y reconstruction diminishes postoperative reflux
symptoms and enhances the QoL. Both procedures dem-
onstrate safety and feasibility, but the R-Y surpasses the
BII+B procedure for TLDG. Future prospective stud-
ies should be conducted involving multiple centers and
a larger sample size to further validate the results of this
study.
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