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ABSTRACT

Purpose: Although linear-shaped gastroduodenostomy (LSGD) was reported to be a feasible 
and reliable method of Billroth I anastomosis in patients undergoing totally laparoscopic 
distal gastrectomy (TLDG), the feasibility of LSGD for patients undergoing totally robotic 
distal gastrectomy (TRDG) has not been determined. This study compared the feasibility of 
LSGD in patients undergoing TRDG and TLDG.
Materials and Methods: All c: onsecutive patients who underwent LSGD after distal 
gastrectomy for gastric cancer between January 2009 and December 2017 were analyzed 
retrospectively. Propensity score matching (PSM) analysis was performed to reduce the 
selection bias between TRDG and TLDG. Short-term outcomes, functional outcomes, 
learning curve, and risk factors for postoperative complications were analyzed.
Results: This analysis included 414 patients, of whom 275 underwent laparoscopy and 139 
underwent robotic surgery. PSM analysis showed that operation time was significantly longer 
(163.5 vs. 132.1 minutes, P<0.001) and postoperative hospital stay significantly shorter (6.2 
vs. 7.5 days, P<0.003) in patients who underwent TRDG than in patients who underwent 
TLDG. Operation time was the independent risk factor for LSGD after intracorporeal 
gastroduodenostomy. Cumulative sum analysis showed no definitive turning point in the 
TRDG learning curve. Long-term endoscopic findings revealed similar results in the two 
groups, but bile reflux at 5 years showed significantly better improvement in the TLDG group 
than in the TRDG group (P=0.016).
Conclusions: LSGD is feasible in TRDG, with short-term and long-term outcomes 
comparable to that in TLDG. LSGD may be a good option for intracorporeal Billroth I 
anastomosis in patients undergoing TRDG.
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INTRODUCTION

Robot-assisted gastrectomy to treat gastric cancer, first described in 2002 [1], is increasingly 
performed in Asian and Western countries. This method has overcome the limited 
maneuverability of conventional laparoscopic surgery and increases the accuracy of instrumental 
movements by filtering out tremors and wrist motions [2]. Moreover, robotic surgery provides 

J Gastric Cancer. 2019 Dec;19(4):438-450
https://doi.org/10.5230/jgc.2019.19.e42
pISSN 2093-582X·eISSN 2093-5641

Original Article

Received: Sep 25, 2019
Revised: Oct 21, 2019
Accepted: Oct 22, 2019

Correspondence to
Sang-Uk Han
Department of Surgery, Ajou University School 
of Medicine, 164 World cup-ro, Yeongtong-gu, 
Suwon 16499, Korea.
E-mail: hansu@ajou.ac.kr

*Bo Wang and Sang-Yong Son contributed 
equally to this work.

Copyright © 2019. Korean Gastric Cancer 
Association
This is an Open Access article distributed 
under the terms of the Creative Commons 
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted noncommercial 
use, distribution, and reproduction in any 
medium, provided the original work is properly 
cited.

ORCID iDs
Bo Wang 
https://orcid.org/0000-0003-4172-9271
Sang-Yong Son 
https://orcid.org/0000-0002-8903-0913
Hojung Shin 
https://orcid.org/0000-0001-8938-5012
Chul Kyu Roh 
https://orcid.org/0000-0003-2254-6146
Hoon Hur 
https://orcid.org/0000-0002-5435-5363
Sang-Uk Han 
https://orcid.org/0000-0001-5615-4162

Bo Wang  *, Sang-Yong Son  *, Hojung Shin , Chul Kyu Roh , Hoon Hur , 
Sang-Uk Han 

Department of Surgery, Ajou University School of Medicine, Suwon, Korea

Feasibility of Linear-Shaped 
Gastroduodenostomy during the 
Performance of Totally Robotic Distal 
Gastrectomy

https://jgc-online.org
https://creativecommons.org/licenses/by-nc/4.0
https://creativecommons.org/licenses/by-nc/4.0
https://orcid.org/0000-0003-4172-9271
https://orcid.org/0000-0003-4172-9271
https://orcid.org/0000-0002-8903-0913
https://orcid.org/0000-0002-8903-0913
https://orcid.org/0000-0001-8938-5012
https://orcid.org/0000-0001-8938-5012
https://orcid.org/0000-0003-2254-6146
https://orcid.org/0000-0003-2254-6146
https://orcid.org/0000-0002-5435-5363
https://orcid.org/0000-0002-5435-5363
https://orcid.org/0000-0001-5615-4162
https://orcid.org/0000-0001-5615-4162
https://orcid.org/0000-0003-4172-9271
https://orcid.org/0000-0002-8903-0913
https://orcid.org/0000-0001-8938-5012
https://orcid.org/0000-0003-2254-6146
https://orcid.org/0000-0002-5435-5363
https://orcid.org/0000-0001-5615-4162
http://crossmark.crossref.org/dialog/?doi=10.5230/jgc.2019.19.e42&domain=pdf&date_stamp=2019-11-20


Presentation
This study was presented in the 2018 
Symposium of the Korean Association Robotic 
Surgeons and the Korea International Gastric 
Cancer Week 2019 held in Korea.

Funding
This study was supported by a grant from the 
National Research and Development (R&D) 
Program for Cancer Control and Ministry 
of Health and Welfare, Republic of Korea 
(1320270) and by a grant from Ajou University 
Medical Center (2016-C0460-00061).

Author Contributions
Conceptualization: H.S.U.; Data curation: 
W.B., S.S.Y.; Formal analysis: W.B., S.S.Y., 
S.H.; Funding acquisition: S.S.Y., H.S.U.; 
Investigation: H.S.U.; Methodology: W.B., 
S.S.Y., S.H., H.H.; Project administration: S.S.Y., 
H.S.U.; Resources: W.B., S.S.Y.; Software: 
W.B., S.S.Y., R.C.K.; Supervision: S.S.Y., H.H., 
H.S.U.; Validation: S.S.Y., H.H., H.S.U.; Writing - 
original draft: W.B.; Writing - review & editing: 
H.S.U., S.S.Y.

Conflict of Interest
No potential conflict of interest relevant to this 
article was reported.

better exposure and a wider operative field by 3-dimensional visualization, which is helpful 
for suturing and anastomosis. Totally robotic gastrectomy with intracorporeal robot-sewn 
anastomosis has been shown to provide satisfactory outcomes [3,4]. The benefits of totally 
minimal surgical procedure, including satisfactory cosmetic outcomes, reduced invasiveness, 
and safe anastomosis [5,6], have resulted in the gradual progression of robotic gastrectomy 
procedures from an assisted to a totally robotic approach. Moreover, alimentary tract restoration 
can be performed intracorporeally, maximizing the benefits of minimally invasive surgery.

Billroth I anastomosis is the most popular method of restoring the alimentary tract 
after conventional distal gastrectomy. It is the only anastomotic method that maintains 
physiological food passage. Moreover, this method allows the performance of 
gastroduodenoscopy, including endoscopic retrograde cholangiopancreatography, to check 
and treat duodenal and biliary tract diseases [7]. Furthermore, Billroth I anastomosis can 
prevent the development of internal hernia in the absence of any defects, which occurs 
more frequently in patients undergoing minimally invasive surgery [8]. However, Billroth 
I anastomosis after robotic distal gastrectomy is a challenging procedure because of 
anatomical limitations, including insufficient remnant stomach and limited duodenal stump. 
These limitations can result in anastomotic tension, along with a high rate of anastomotic 
leakage, thereby requiring initial assistance with a more experienced surgeon.

To overcome the technical challenges and achieve the clinical benefits of 
gastroduodenostomy, efforts have been made to improve the intracorporeal Billroth I 
anastomotic method after totally robotic distal gastrectomy (TRDG) or totally laparoscopic 
distal gastrectomy (TLDG). Although delta-shaped gastroduodenostomy has become 
the primary procedure for Billroth I anastomosis [9], it remains a complicated technique 
associated with a relatively high rate of anastomotic complications [6,10,11]. Methods 
are therefore required to overcome the technical requirements of intracorporeal 
gastroduodenostomy during TRDG.

Few studies to date have described Billroth I reconstruction during TRDG [3,4,12-14]. Linear-
shaped gastroduodenostomy (LSGD), which avoids duodenal rotation and overlapping 
reconstruction in the anterosuperior direction, has been reported to overcome the anatomical 
limitations of the delta-shaped method and facilitates digestive tract reconstruction [15]. In 
addition to being easily learned [16], LSGD was shown to be a safe and simple procedure, with 
a relatively low rate of bile reflux [17]. LSGD has become a routine procedure following TRDG 
or TLDG in our institution. However, because the application of LSGD in robotic surgery has 
not been investigated, this study analyzed the feasibility of LSGD in patients undergoing TRDG 
by comparing the outcomes of LSGD in patients undergoing TRDG or TLDG before and after 
adjusting for confounding factors by propensity score matching (PSM).

MATERIALS AND METHODS

Patients
This retrospective study analyzed patients who underwent laparoscopic or robotic radical 
distal gastrectomy with Billroth I reconstruction performed by a single surgeon between 
January 2009 and December 2017 at Ajou University Hospital, South Korea. Patients 
who underwent extracorporeal reconstruction, delta-shaped anastomosis, hand-sewn 
gastroduodenostomy, and other anastomotic methods were excluded from the analysis.
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LSGD surgical technique in robotic procedure
All included patients underwent TRDG or TLDG with intracorporeal reconstruction 
using the LSGD approach [17]. Detailed information about trocar placement is shown in 
Fig. 1. The major procedure started with a V-shaped liver retraction [18] and perigastric 
lymphadenectomy, followed by the introduction of a linear endo-stapler through the left 
lower assistant port, transecting the duodenum in a craniocaudal direction without 90° 
duodenal rotation (Fig. 2A). A small entry hole was made on the superior edge of the 
duodenal transection line (Fig. 2B), and a small incision was made on the greater curvature 
of the remnant stomach 60 mm from the resection line (Fig. 2C). The cartridge jaw of the 
60-mm endoscopic linear stapler was inserted into the remnant stomach, followed by the 
alignment of the greater curvature of the remnant stomach and the anterosuperior side of 
the duodenum and firing of the stapler (Fig. 2D). The common entry hole was closed using 
another 60-mm endo-stapler. Although three stay sutures are usually pulled to facilitate 
the closure of the common entry hole during laparoscopic procedures [17], this step was 
replaced by instrument holding during robotic procedures (Fig. 2E and F). Titanium clips 
were routinely applied to the everted stapler line to prevent bleeding. The final reconstruction 
view is shown in Fig. 2G. The perigastric lymph node stations were numbered according 
to the Japanese classification of gastric carcinoma (3rd English edition) [19]. The extent of 
the lymphadenectomy was determined using the 2010 Japanese gastric cancer treatment 
guidelines (version 3) [20].

Endoscopic surveillance and classification of endoscopic findings
All patients underwent endoscopic surveillance during the first, third, and fifth years 
after surgery. All procedures were performed by 1 of the 3 endoscopists who were highly 
specialized in gastric cancer at the Gastric Cancer Center. The entire procedure has been 
standardized at our institution and has been described in detail [17]. Endoscopic findings 
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Fig. 1. Trocar placement and trocar sizes.
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of the remnant stomach were evaluated using the Residual food, Gastritis, Bile reflux 
classification [21].

CUSUM and statistical analysis
The CUSUM method is a graphic approach to detecting small shifts in an overall process that 
can also indirectly detect data trends [16]. The CUSUM method was plotted using the Excel 
plugin, QI Macros, version 2018 student for Windows (KnowWare International Inc., Denver, 
CO, USA).

All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) 
version 24.0 for Windows (SPSS Inc., Chicago, IL, USA). PSM was performed using the SPSS-R 
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Fig. 2. Intraoperative photography of a linear-shaped gastroduodenostomy. (A) Transection of the duodenum through the left upper assistant port in a 
craniocaudal direction without 90° rotation. (B) Making a small incision (red solid arrow) on the superior edge of the duodenal transection line. (C) Making a 
small incision on the greater curvature of the remnant stomach 60 mm (red dotted line) from the resection line. (D) Insertion of the cartridge jaw of a 60-mm 
endoscopic linear stapler into the remnant stomach, followed by the alignment of the greater curvature of the remnant stomach and the anterosuperior side of 
the duodenum. The stapler was subsequently closed and fired. (E, F) Closing of the common entry hole by the articulated linear stapler in a tangential direction 
to the line of the duodenal transection, a step facilitated by the pulling up and alignment of the robotic instruments. (G) Final view after reconstruction. Bleeding 
was prevented by using the titanium clip to reinforce the everted stapler line.
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plugin (version 3.4.3 with MatchIt package). Quantitative data were expressed as mean±standard 
deviation and categorical data as number (%). Continuous variables were analyzed by Student's 
t-test and categorical variables by the χ2 test or Fisher's exact test. The Cochran–Mantel–
Haenszel test was used to calculate the odds ratios (ORs) for complications and P-values for the 
interaction of approach group and baseline characteristics. Univariate and multivariate analyses 
of associations between postoperative complications and the clinicopathological features of 
gastric cancer were performed using binary logistic regression models to estimate the ORs and 
95% confidence intervals. Clinicopathological features analyzed as binary variables included age 
(≤60 or >60 years), gender, body mass index (≤25 or >25 kg/m2), comorbidity (absent or present), 
American Society of Anesthesiologists (ASA) classification score (1 or 2–3), previous abdominal 
surgery (absent or present), tumor size (≤2 or >2 cm), tumor vertical location (middle or lower 
third), approach method, lymph node dissection (<D2 or ≥D2), combined resection (no or yes), 
operation time (≤150 or >150 minutes), estimated blood loss (≤50 or >50 mL), resection distal 
margin (≤2 or >2 cm), pathological T classification (T1 or T2–T4), pathological N classification 
(positive or negative), and pStage classification (I or II–III). The level for rejection of the null 
hypothesis was set at a P-value <0.05.

Ethics statement
All patients provided informed consent for their information to be stored in the hospital 
database and used for research. The study protocol was approved by the Institutional Review 
Board of Ajou University Hospital (IRB approval No.: MED-MDB-19-461).

RESULTS

Of the 1163 patients who underwent TRDG or TLDG performed by a single surgeon during 
the time period, 414 were considered eligible for analysis, including 275 who underwent 
TLDG and 139 who underwent TRDG.

Comparison between TRDG and TLDG after LSGD
The demographic characteristics of all patients and of the PSM cohort are summarized in 
Table 1. Analysis of the full patient cohort showed that the robotic group was significantly 
younger than the laparoscopic group (52.6±11.3 years vs. 60.0±13.0 years, P<0.001), that 
comorbidities were more frequent in the laparoscopic group (P=0.003) than the robotic 
group, and that the two groups differed significantly in ASA score (P=0.002). To better match 
their characteristics, the two groups were subjected to 1:1 PSM, followed by analysis of the 
matched groups. PSM resulted in groups of 107 patients each, with no significant between-
group differences in patient characteristics (Table 1).

The operative and postoperative outcomes of the two groups are compared in Table 2. 
Estimated operative blood loss was greater (90.3±96.0 mL vs. 72.0±73.2 mL, P=0.049) and 
postoperative hospital stay longer (7.5±4.7 days vs. 6.2±1.9 days, P<0.003) in the laparoscopic 
than that in the robotic group. However, operation time was significantly shorter in the 
laparoscopic group (132.1±37.8 minutes vs. 163.5±33.8 minutes, P<0.001) than that in the 
robotic group. Following PSM, the 2 groups no longer differed significantly in the estimated 
blood loss (P=0.879).

Endoscopic findings during the first, third, and fifth postoperative years are compared in Fig. 3. 
There were no significant differences in residual food, degree of gastritis, and bile reflux during 
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the first and third years. However, during the fifth year, bile reflux was significantly better in the 
laparoscopic group compared to the robotic group (P=0.016; Fig. 3C).

Analysis between subgroup and of the risk factors of LSGD
The total postoperative complication of all the patients in subgroup between TRDG 
and TLDG was analyzed according to clinicopathological features (Fig. 4). There was no 
significant association between the distinctive approach and any of the variables studied.

Table 3 lists the risk factors for total postoperative complications after LSGD analyzed by 
univariate and multivariate logistic analyses. Multivariate analysis showed that operation time 
more than 150 minutes was the independent risk factor (P=0.010).
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Table 1. Baseline characteristics of patients in the original and propensity score-matched cohorts
Variables Original cohort P PSM cohort P

RG (n=139) LG (n=275) RG (n=107) LG (n=107)
Age (yr) 52.6±11.3 60.0±13.0 <0.001 54.8±11.0 54.5±13.2 0.898
Sex 0.218 0.771

Male 94 (67.6) 169 (61.5) 71 (66.4) 73 (68.2)
Female 45 (32.4) 106 (38.5) 36 (33.6) 34 (31.8)

BMI (kg/m2) 23.7±2.9 23.6±3.0 0.597 23.9±3.0 24.0±3.0 0.853
Comorbidity 0.003 0.889

Absent 63 (45.3) 84 (30.5) 42 (39.3) 43 (40.2)
Present 76 (54.7) 191 (69.5) 65 (60.7) 64 (59.8)

ASA score 0.002 1.000
1 92 (66.2) 139 (50.5) 66 (61.7) 66 (61.7)
2–3 47 (33.8) 136 (49.5) 41 (38.3) 41 (38.3)

Previous abdominal surgery 0.501 0.837
Absent 124 (89.2) 239 (86.9) 94 (87.9) 93 (86.9)
Present 15 (10.8) 36 (13.1) 13 (12.1) 14 (13.1)

Tumor location (vertical) 0.655 0.772
Middle third 47 (33.8) 87 (31.6) 37 (34.6) 35 (32.7)
Lower third 93 (66.2) 188 (68.4) 70 (65.4) 72 (67.3)

Tumor location (horizontal) 0.155 0.532
Lesser curvature 44 (31.7) 103 (37.5) 31 (29.0) 36 (33.6)
Greater curvature 29 (20.9) 51 (18.5) 23 (21.5) 22 (20.6)
Anterior wall 30 (21.6) 50 (18.2) 25 (23.4) 18 (16.8)
Posterior wall 33 (23.7) 52 (18.9) 25 (23.4) 24 (22.4)
Circumferential 3 (2.2) 19 (6.9) 3 (2.8) 7 (6.5)

pT classification 0.762 0.432
T1 121 (87.1) 241 (87.6) 92 (86.0) 96 (89.7)
T2 11 (7.9) 19 (6.9) 10 (9.3) 5 (4.7)
T3 7 (5.0) 13 (4.7) 5 (4.7) 5 (4.7)
T4a NA 2 (0.7) NA 1 (0.9)

pN classification 0.178 0.534
N0 125 (89.9) 240 (87.3) 97 (90.7) 100 (93.5)
N1 23 (8.4) 23 (8.4) 6 (5.6) 3 (2.8)
N2 11 (4.0) 11 (4.0) 3 (2.8) 4 (3.7)
N3 1 (0.4) 1 (0.4) 1 (0.9) NA

pStage* 0.775 0.317
IA 114 (82.0) 223 (81.1) 86 (80.4) 93 (86.9)
IB 12 (8.6) 27 (9.8) 11 (10.3) 5 (4.7)
IIA 4 (2.9) 14 (5.1) 4 (3.7) 6 (5.6)
IIB 5 (3.6) 7 (2.5) 4 (3.7) 1 (0.9)
IIIA 3 (2.2) 3 (1.1) 2 (1.9) 2 (1.9)
IIIB 1 (0.7) 1 (0.4) NA NA

Data expressed as mean±standard deviation or number (%).
ASA = American Society of Anesthesiologists score; BMI = body mass index; RG = robotic group; LG = laparoscopic group; PSM = propensity score matching; NA = 
not applicable.
*Stages classified by the 7th Union for International Cancer Control/American Joint Committee on Cancer staging system.
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Learning curve for LSGD in TRDG
C+ and C− are defined as the CUSUMs of the positive and negative differences, respectively, 
between individual and mean operation times. The upper CUSUM was defined as positive 
four times the standard deviation and the lower CUSUM as negative four times the standard 
deviation. The C+ curve fluctuated between the values of 0 and 135.49 (upper CUSUM), 
without a clear peak outside the upper CUSUM (Fig. 5A). The mean operation time and the 
moving averages of 20 patients were approximately 150 minutes (Fig. 5B). These findings 
indicated that there was no definitive learning curve for LSGD in TRDG.

DISCUSSION

Following robotic distal gastrectomy, the digestive tract can be reconstructed using either the 
intracorporeal or extracorporeal Billroth I method. Because minilaparotomy is required during 
the extracorporeal procedure, only intracorporeal reconstruction is minimally invasive and can 
maximize cosmetic benefits. Because no study to date has investigated the feasibility of LSGD 
in patients undergoing TRDG, this study was designed to evaluate this procedure. Patients who 
underwent TRDG and TLDG were subjected to 1:1 PSM, minimizing selection and the confounding 
effects of patients' characteristics. This study concluded that LSGD showed comparable operative 
and postoperative outcomes and endoscopic findings in patients who underwent TRDG and 
TLDG. Multivariate analysis revealed that the operation time was the only independent risk factor 
associated with postoperative complications for LSGD. We also found no learning curve for LSGD 
use in TRDG; rather, mastering the LSGD technique in TLDG was sufficient.
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Table 2. Operative and postoperative outcomes of patients in the original and propensity score-matched cohorts after linear-shaped gastroduodenostomy
Variables Original cohort P PSM cohort P

RG (n=139) LG (n=275) RG (n=107) LG (n=107)
Lymph node dissection 0.721 0.568

<D2 88 (63.3) 178 (64.7) 67 (62.6) 71 (66.4)
≥D2 51 (36.7) 35 (38.0) 40 (37.4) 36 (33.6)

Combined resection 0.485 0.701
No 135 (97.1) 270 (98.2) 104 (97.2) 103 (96.3)
Yes 4 (2.9) 5 (1.8) 3 (2.8) 4 (3.7)

Operation time (min) 163.5±33.8 132.1±37.8 <0.001 164.8±34.6 130.8±33.4 <0.001
Estimated blood loss (mL) 72.0±73.2 90.3±96.0 0.049 79.0±76.1 77.7±76.0 0.897
Retrieved lymph nodes 37.9±11.6 35.9±13.2 0.118 36.6±10.8 36.0±13.2 0.698
Metastatic lymph nodes 0.4±1.5 0.3±1.1 0.551 0.3±1.2 0.1±1.7 0.234
Tumor size (cm) 2.2±1.2 2.3±1.2 0.363 2.1±1.2 2.1±1.1 0.991
Resection margin (cm)

Proximal 4.9±5.4 4.6±4.3 0.544 4.5±2.5 4.8±6.3 0.622
Distal 4.3±2.1 4.5±2.2 0.446 4.7±2.1 4.6±2.0 0.852

Start sips of water (days) 1.4±0.5 1.6±0.7 0.084 1.5±0.6 1.4±0.6 0.180
Start soft diet (days) 4.7±1.1 4.8±1.9 0.347 4.7±1.1 4.6±1.8 0.364
Postoperative hospital stay (days) 6.2±1.9 7.5±4.7 0.003 6.2±2.0 7.8±6.6 0.020
Overall complications 13 (9.4) 25 (9.1) 0.931 12 (11.2) 8 (7.5) 0.348

Major complications* 5 (3.6) 12 (4.4) 0.711 4 (3.7) 4 (3.7) 1.000
Anastomotic leakage - 4 (1.4) - 2 (1.8)
Anastomotic stenosis 3 (2.1) 3 (1.0) 3 (2.8) -
Pancreatic fistula 1 (0.7) 2 (0.5) 1 (0.9) -
Fluid collection 1 (0.7) 1 (0.3) - 1 (0.9)
Intestinal obstruction - 2 (0.5) - 1 (0.9)

Operative mortality (within 30 days) 0 0 NA 0 0 NA
Data expressed as mean±standard deviation or number (%).
RG = robotic group; LG = laparoscopic group; PSM = propensity score matching; NA = not applicable.
*Major complications defined according to the Clavien-Dindo classification ≥III.
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The present study also showed that operation time was significantly longer for TRDG 
than for TLDG, a finding associated with the inherent characteristics of robotic surgery. 
Additional time was required for docking, including the assembly of the manipulator arms 
and debugging the equipment, procedures that are both time-consuming and inherent to 
the robotic system [22]. Docking time has been estimated at approximately 30 minutes 
[23,24], prolonging the operation time in TRDG. Moreover, prolonged operation time is the 
independent risk factor for LSGD; this is consistent with other reports [25,26]. The increased 
operative duration could increase the opportunities for violations in sterile technique and 
the risks of coagulation, blood stasis, and surgical bleeding, indicating a more complex 
surgical procedure. Nevertheless, we should not sacrifice patient safety to hasten the surgical 
procedure. However, surgeons can positively impact patient outcomes with simple and 
practical improvements to reduce the operation time.

Although LSGD in TRDG is a more time-consuming procedure compared to that in TLDG, it is 
a horizontally comparable method compared to others. A retrospective cohort study assessing 
the feasibility of delta-shaped Billroth I anastomosis in TLDG found that the median total 
operation time was 346 minutes and the median hospital stay was 11 days [13], with both being 
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Fig. 3. Residue food, Gastritis, Bile classifications of patients during the first, third, and fifth postoperative year in the robotic and laparoscopic groups. (A) Residual 
food, (B) Gastritis, (C) Bile reflux.
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considerably longer than in the present study. Moreover, a study of the feasibility and safety of 
intracorporeal robotic hand-sewn Billroth I anastomosis in TRDG found that the mean total 
operation time was 266.54±35.26 min, the mean estimated blood loss was 80.78±32.37 mL, and 
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Baseline characteristic RG 
(No. of complications/ 
total No. of patients)

LG 
(No. of complications/ 
total No. of patients)

OR for complication 
 (95% CI)

P value P value for 
interaction

Age 0.341
≤60 8/72 4/69 0.258
>60 4/35 4/38 0.902

Sex 0.337
Male 10/71 6/73 0.263
Female 2/36 2/34 0.953

BMI (kg/m2) 0.356
≤25 10/77 4/68 0.148
>25 2/30 4/39 0.600

Comorbidity 0.358
Absent 3/42 0/43 0.074
Present 9/65 8/64 0.821

ASA 0.344
1 5/66 2/66 0.244
2–3 7/41 6/41 0.762

Previous abdominal surgery 0.353
No 11/94 7/93 0.333
Yes 1/13 1/14 0.957

Tumor size (cm) 0.318
≤2 6/65 3/60 0.570
>2 6/42 5/47 0.602

Tumor vertical location 0.335
Middle third 3/37 1/35 0.647
Lower third 9/70 7/72 0.555

Lymph node dissection 0.359
<D2 7/67 5/71 0.478
≥D2 5/40 3/36 0.828

Combined resection 0.347
No 11/104 8/103 0.484
Yes 1/3 0/4 0.876

Operation time (min) 0.768
≤150 2/33 2/77 0.739
>150 10/74 6/30 0.596

Estimated blood loss (mL) 0.354
≤50 6/62 5/64 0.711
>50 6/45 3/43 0.528

Resection distal margin (cm) 0.318
≤2 6/65 3/60 0.570
>2 6/42 5/47 0.602

pT classification 0.368
T1 11/92 6/96 0.173
T2–T4 1/15 2/11 0.774

pN classification 0.335
Negative 11/97 8/100 0.427
Positive 1/10 0/7 1.000

pStage classification 0.352
I 11/97 7/98 0.311
II–III 1/10 1/9 1.000

Total 12/95 8/99 0.348

LG betterRG better
0 1−1 2 4 987653

Fig. 4. Forest plot showing the ORs for total postoperative complications and P-values for the interaction of approach group and baseline characteristics. 
RG = robotic group; LG = laparoscopic group; OR = odds ratio; CI = confidence interval; BMI = body mass index; ASA = American Society of Anesthesiologists.
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Table 3. Univariate and multivariate analysis of risk factors for complication after intracorporeal gastroduodenostomy
Variables Univariate P-value Multivariate P-value

No. of patients No. of complication OR (95% Cl)
Sex 0.203

Male 144 16
Female 70 4

Age (yr) 0.560
≤60 141 12
>60 73 8

BMI (kg/m2) 0.822
≤25 145 14
>25 69 6

Comorbidity 0.018 0.176
Absent 85 3 1 (reference)
Present 129 17 2.691 (0.641–11.307)

ASA 0.010 0.227
1 132 7 1 (reference)
2–3 82 13 1.983 (0.652–6.028)

Previous abdominal surgery 0.987
No 187 18
Yes 27 2

Tumor size (cm) 0.356
≤3 125 9
>3 78 11

Tumor vertical location* 0.175
Upper third 72 4
Middle third 142 16

Approach methods 0.348
Laparoscopically 107 8
Robotically 107 12

Lymph node dissection† 0.660
<D2 138 12
≥D2 76 8

Combined resection 0.648
No 207 19
Yes 7 1

Operation time (min) 0.003 0.010
≤150 110 4 1 (reference)
>150 104 16 4.466 (1.420–14.041)

Estimated blood loss (ml) 0.771
≤50 126 11
>50 88 9

Resection proximal margin (cm) 0.644
≤2 55 6
>2 159 14

pT classification 0.960
T1 188 17
T2–T4 26 3

pN classification 0.939
Negative 197 19
Positive 17 1

pStage classification‡ 1.000
I 195 18
II–III 19 2

Variables with P-values less than 0.1 on univariate analysis are considered for inclusion in the multivariate model. 
Univariate and multivariate data expressed as number and OR (95% CI).
OR = odds ratio; CI = confidence interval; BMI = body mass index; ASA = American Society of Anesthesiologists score
*According to the Japanese classification of gastric carcinoma: 3rd English edition; †According to the Japanese 
gastric cancer treatment guideline 2010; ‡Stages classified by the 8th Union for International Cancer Control/
American Joint Committee on Cancer staging system.
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the mean hospital stay was 6.2±2.5 days [3]. The LSGD technique showed non-inferior surgical 
outcomes compared to the hand-sewn method in TRDG.

Robotic surgery can be performed safely with acceptable surgical outcomes by experts 
in open gastrectomy, with the learning curve for robotic gastrectomy being significantly 
overcome by a sufficient experience with laparoscopic gastrectomy [27-29]. The shorter 
hospitalization time observed in patients who underwent TRDG may be due to the 
performance of a surgeon with extensive laparoscopic experience, including stable and 
proficient dissection techniques. Moreover, the 5-year rates of residual food, remnant 
gastritis, and bile reflux were generally similar in the TRDG and TLDG groups. Although the 
incidence of bile reflux was significantly lower in the laparoscopic than in the robotic group 
at 5 years, the difference may have been due to the small sample size at this follow-up time.

The present study had several limitations. First, this was a single institute, nonrandomized, 
retrospective cohort study, although the data were extracted prospectively. Second, all 
procedures were performed by a single surgeon with team members being relatively stable. 
Thus, there may have been some deviations in identifying the non-inferiority of LSGD in 
TRDG compared to TLDG. Third, to obtain the parallel alignment between the duodenal 
stump and the remnant stomach, the left lower trocar placement for assistant should be 
placed higher compared to that of conventional robotic procedure. This might cause the 
clashing between the assistant and robotic arms, leading to the assistant's difficulty in 
handling the laparoscopic instruments via the left lower trocar. Additionally, although 
this technique was performed during robotic distal gastrectomy, the reconstruction was 
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Fig. 5. (A) CUSUM chart of operation times. (B) Operation times in 139 individual patients who underwent robotic surgery and the moving average operation 
times in groups of 20 patients. 
CUSUM = cumulative sum.
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not performed using robotic instruments but laparoscopic staplers. Hence, this technique 
still depends on the assistant's skill. Finally, despite the present study providing valuable 
information about LSGD in TRDG, the optimal method for Billroth I anastomosis in TRDG 
remains to be determined. Therefore, further prospective, multicenter studies are required.

In conclusion, LSGD was a feasible and easy-to-perform procedure in TRDG, with 
comparable short-term and long-term outcomes as in TLDG. LSGD may be a good option for 
intracorporeal Billroth I anastomosis in TRDG.
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