ISSN 1948-9366 (online)

World Journal of

World | Gastrointest Surg 2023 July 27; 15(7): 1262-1558

(44 Published by

J3aishideng®



World Journal of
(]- ¢ Gastrointestinal Surgery

Contents Monthly Volume 15 Number 7 July 27, 2023

REVIEW
1262  Pathophysiological consequences and treatment strategy of obstructive jaundice

Liu JJ, Sun YM, Xu Y, Mei HW, Guo W, Li ZL

MINIREVIEWS
1277  Carbon footprints in minimally invasive surgery: Good patient outcomes, but costly for the environment

Chan KS, Lo HY, Shelat VG

ORIGINAL ARTICLE

Basic Study
1286  Primary animal experiment to test the feasibility of a novel Y-Z magnetic hepatic portal blocking band

Zhang MM, Li CG, Xu SQ, Mao JQ, Ren YX, Zhang YH, Ma J, Shi AH, Lyu Y, Yan XP

1294  Magnetic compression anastomosis for reconstruction of digestive tract after total gastrectomy in beagle
model

Zhang MM, Li CG, Xu SQ, Mao JQ, Zhang YH, Shi AH, Li Y, Lyu Y, Yan XP

1304  Differences in metabolic improvement after metabolic surgery are linked to the gut microbiota in non-
obese diabetic rats

Luo X, Tan C, Tao F, Xu CY, Zheng ZH, Pang Q, He XA, Cao JQ, Duan JY

1317  Intervention effects and related mechanisms of glycyrrhizic acid on zebrafish with Hirschsprung-
associated enterocolitis

Liu MK, Chen YJ, Chen F, Lin ZX, Zhu ZC, Lin Y, Fang YF, Wu DM

1331  Histological study of the structural layers around the esophagus in the lower mediastinum

Saito T, Muro S, Fujiwara H, Umebayashi Y, Sato Y, Tokunaga M, Akita K, Kinugasa Y

Case Control Study

1340  Liver transplantation for combined hepatocellular carcinoma and cholangiocarcinoma: A multicenter
study

Kim J, Joo DJ, Hwang S, Lee JM, Ryu JH, Nah YW, Kim DS, Kim DJ, You YK, Yu HC

1354  Optimal choice of stapler and digestive tract reconstruction method after distal gastrectomy for gastric
cancer: A prospective case-control study

Wu Z, Zhou ZG, Li LY, Gao WJ, Yu T

Retrospective Cohort Study

1363  Impact of perioperative blood transfusion on oncological outcomes in ampullary carcinoma patients
underwent pancreaticoduodenectomy

Fei H, Zhang XJ, Sun CY, Li Z, Li ZF, Guo CG, Zhao DB

WJGS | https://www.wjgnet.com I July 27,2023 | Volume15 | Issue7 |

Jaishideng®



Jaishideng®

World Journal of Gastrointestinal Surgery
Contents
Monthly Volume 15 Number 7 July 27, 2023
Retrospective Study
1375  Nomogram based on clinical characteristics for predicting overall survival in gastric cancer patients with
preoperative anemia
Long Y, Zhou XL, Zhang CL, Wang YN, Pan WS
1388  Major complications after ultrasound-guided liver biopsy: An annual audit of a Chinese tertiary-care
teaching hospital
Chai WL, Lu DL, Sun ZX, Cheng C, Deng Z, Jin XY, Zhang TL, Gao Q, Pan YW, Zhao QY, Jiang TA
1397  Different percutaneous transhepatic biliary stent placements and catheter drainage in the treatment of
middle and low malignant biliary obstruction
Yang YB, Yan ZY, Jiao Y, Yang WH, Cui Q, Chen SP
1405  Utilization of deep neuromuscular blockade combined with reduced abdominal pressure in laparoscopic
radical gastrectomy for gastric cancer: An academic perspective
Zhang YW, Li Y, Huang WB, Wang J, Qian XE, Yang Y, Huang CS
1416  Efficacy of peritoneal drainage in very-low-birth-weight neonates with Bell’s stage II necrotizing
enterocolitis: A single-center retrospective study
Shen Y, Lin Y, Fang YF, Wu DM, He YB
1423  Emergency exploratory laparotomy and radical gastrectomy in patients with gastric cancer combined with
acute upper gastrointestinal bleeding
Kuang F, Wang J, Wang BQ
1434  Correlation of serum albumin level on postoperative day 2 with hospital length of stay in patients
undergoing emergency surgery for perforated peptic ulcer
Xie D, Lu PL, Xu W, You JY, Bi XG, Xian Y
Clinical Trials Study
1442 Laboratory scoring system to predict hepatic indocyanine green clearance ability during fluorescence
imaging-guided laparoscopic hepatectomy
Chen ZR, Zeng QT, Shi N, Han HW, Chen ZH, Zou YP, Zhang YP, Wu F, Xu LQ, Jin HS
Observational Study
1454  Incidence, characteristics and risk factors for alveolar recruitment maneuver-related hypotension in
patients undergoing laparoscopic colorectal cancer resection
Zhang NR, Zheng ZN, Wang K, Li H
1465  New classification system for radical rectal cancer surgery based on membrane anatomy
Jiang HH, Ni ZZ, Chang Y, Li AJ, Wang WC, Lv L, Peng J, Pan ZH, Liu HL, Lin MB
Randomized Controlled Trial
1474  Transcutaneous electrical acupoint stimulation in adult patients receiving gastrectomy/colorectal
resection: A randomized controlled trial
Hou YT, Pan YY, Wan L, Zhao WS, Luo Y, Yan Q, Zhang Y, Zhang WX, Mo YC, Huang LP, Dai QX, Jia DY, Yang AM, An
HY, Wu AS, Tian M, Fang JQ, Wang JL, Feng Y
WJGS | https://www.wjgnet.com I July 27,2023 | Volume15 | Issue7



World Journal of Gastrointestinal Surgery
Contents
Monthly Volume 15 Number 7 July 27, 2023
SYSTEMATIC REVIEWS
1485  Combined and intraoperative risk modelling for oesophagectomy: A systematic review
Grantham JP, Hii A, Shenfine J
1501  Spleen-preserving distal pancreatectomy from multi-port to reduced-port surgery approach
Hsieh CL, Tsai TS, Peng CM, Cheng TC, Liu YJ
1512 Resection of isolated liver oligometastatic disease in pancreatic ductal adenocarcinoma: Is there a survival
benefit? A systematic review
Halle-Smith JM, Powell-Brett S, Roberts K, Chatzizacharias NA
META-ANALYSIS
1522 Outcome of split liver transplantation vs living donor liver transplantation: A systematic review and meta-
analysis
Garzali 1U, Akbulut S, Aloun A, Naffa M, Aksoy F
CASE REPORT
1532 Idiopathic hypereosinophilic syndrome with hepatic sinusoidal obstruction syndrome: A case report and
literature review
Xu XT, Wang BH, Wang Q, Guo YJ, Zhang YN, Chen XL, Fang YF, Wang K, Guo WH, Wen ZZ
1542  Reoperation for heterochronic intraductal papillary mucinous neoplasm of the pancreas after bile duct
neoplasm resection: A case report
Xiao G, Xia T, Mou YP, Zhou YC
1549  Successful resection of colonic metastasis of lung cancer after colonic stent placement: A case report and
review of the literature
Nakayama Y, Yamaguchi M, Inoue K, Hamaguchi S, Tajima Y
Boishidengs WIGS | https://www.wjgnet.com 111 July 27,2023 | Volume15 | Issue?



World Journal of Gastrointestinal Surgery

Contents

Monthly Volume 15 Number 7 July 27, 2023

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Surgery, Georgios Tsoulfas, AGAF, FACS, FICS, MD,
PhD, Professor, Transplant Surgery, Aristotle University of Thessaloniki School of Medicine, Thessaloniki 54124,
Greece. tsoulfasg@gmail.com

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Surgery (W]JGS, World | Gastrointest Surg) is to provide scholars
and readers from various fields of gastrointestinal surgery with a platform to publish high-quality basic and
clinical research articles and communicate their research findings online.

WJGS mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal
surgery and covering a wide range of topics including biliary tract surgical procedures, biliopancreatic diversion,
colectomy, esophagectomy, esophagostomy, pancreas transplantation, and pancreatectomy, efc.

INDEXING/ABSTRACTING

The WJGS is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®),
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, PubMed Central,
Reference Citation Analysis, China National Knowledge Infrastructure, China Science and Technology Journal
Database, and Superstar Journals Database. The 2023 Edition of Journal Citation Reports® cites the 2022 impact
factor (IF) for WJGS as 2.0; IF without journal self cites: 1.9; 5-year IF: 2.2; Journal Citation Indicator: 0.52; Ranking;:
113 among 212 journals in surgery; Quartile category: Q3; Ranking: 81 among 93 journals in gastroenterology and
hepatology; and Quartile category: Q4.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Rui-Rui Wu; Production Department Director: Xiang 1i; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL
World Journal of Gastrointestinal Surgery

INSTRUCTIONS TO AUTHORS

https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-9366 (online)

https:/ /www.wijgnet.com/bpg/Gerlnfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

November 30, 2009

FREQUENCY
Monthly

EDITORS-IN-CHIEF

Peter Schemmer

EDITORIAL BOARD MEMBERS

https:/ /www.wignet.com/1948-9366/ editorialboard.htm

PUBLICATION DATE
July 27, 2023

COPYRIGHT
© 2023 Baishideng Publishing Group Inc

https:/ /www.wjgnet.com/bpg/gerinfo/240

PUBLICATION ETHICS

https:/ /www.wijgnet.com/bpg/Getlnfo/288

PUBLICATION MISCONDUCT

https:/ /www.wjgnet.com/bpg/gerinfo/208

5/ 8

ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/bpg/gerinfo/242

STEPS FOR SUBMITTING MANUSCRIPTS

https:/ /www.wijgnet.com/bpg/Gerlnfo/239

ONLINE SUBMISSION

https:/ /www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

JBaishideng®

WIJGS | https://www.wjgnet.com IX July 27,2023 | Volume15 | Issue?


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-9366/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

i

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4240/wijgs.v15.i7.1294

World Journal of
Gastrointestinal Surgery

World | Gastrointest Surg 2023 July 27; 15(7): 1294-1303

ISSN 1948-9366 (online)

Basic Study

ORIGINAL ARTICLE

Magnetic compression anastomosis for reconstruction of digestive
tract after total gastrectomy in beagle model

Miao-Miao Zhang, Chen-Guang Li, Shu-Qin Xu, Jian-Qi Mao, Yu-Han Zhang, Ai-Hua Shi, Yan Li, Yi Lyu, Xiao-

Peng Yan

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B, B
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Mishra TS, India;
Tharavej C, Thailand; Yu HG,
China

Received: January 21, 2023
Peer-review started: January 21,
2023

First decision: April 13, 2023
Revised: April 17, 2023
Accepted: May 8, 2023

Article in press: May 8, 2023
Published online: July 27, 2023

Jaishideng®

WJGS | https://www.wjgnet.com

Miao-Miao Zhang, Shu-Qin Xu, Yi Lyu, Xiao-Peng Yan, Department of Hepatobiliary Surgery, The
First Affiliated Hospital of Xi'an Jiaotong University, Xi'an 710061, Shaanxi Province, China

Miao-Miao Zhang, Shu-Qin Xu, Ai-Hua Shi, Yan Li, Yi Lyu, Xiao-Peng Yan, National Local Joint
Engineering Research Center for Precision Surgery & Regenerative Medicine, The First
Affiliated Hospital of Xi'an Jiaotong University, Xi'an 710061, Shaanxi Province, China

Chen-Guang Li, Department of Critical Care Medicine, China-Japan Union Hospital of Jilin
University, Changchun 130000, Jilin Province, China

Jian-Qi Mao, Zonglian College, Xi'an Jiaotong University, Xi'an 710061, Shaanxi Province,
China

Yu-Han Zhang, Qide College, Xi'an Jiaotong University, Xi'an 710061, Shaanxi Province, China

Corresponding author: Xiao-Peng Yan, MD, PhD, Associate Research Scientist, Department of
Hepatobiliary Surgery, The First Affiliated Hospital of Xi'an Jiaotong University, No. 277 West
Yanta Road, Xi'an 710061, Shaanxi Province, China. yanxiaopeng9966(@163.com

Abstract

BACKGROUND

Magnetic compression anastomosis (MCA) is a simple procedure contributing to a
reliable anastomosis. However, digestive-tract reconstruction after total
gastrectomy using MCA has not yet been reported.

AIM
To investigate the feasibility of MCA for simultaneous esophagojejunostomy and
jejunojejunostomy after total gastrectomy using beagle dogs.

METHODS

Sixteen beagles were randomly divided into an MCA group (study group, n = 8)
and a manual-suture anastomosis group (control group, n = 8). Two different
magnetic anastomosis devices were used in the study group for esophagojejunal
and jejunojejunal anastomoses. Both devices included a pair of circular daughter
and parent magnets each. The time of esophagojejunostomy and jejunojejun-
ostomy, postoperative complications, and survival rate of the two groups were
compared. The dogs were sacrificed one month after the operation and their
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anastomotic specimens were obtained. Healing was observed by the naked eye and a light microscope.

RESULTS

Digestive-tract reconstruction after total gastrectomy was successfully completed in both groups (survival rate =
100%). In the study group, esophagojejunal and jejunojejunal anastomoses took 6.13 £ 0.58 and 4.06 + 0.42 min,
respectively, significantly lower than those in the control group (15.63 £ 1.53 min, P < 0.001 and 10.31 + 1.07 min, P
< 0.001, respectively). Complications such as bleeding, anastomotic leakage, and anastomotic stenosis were not
observed. In the study group, the magnets did not interfere with each other. Discharge time of the jejunojejunal
magnetic anastomosis device was 10.75 + 1.28 d, while that of the esophagojejunal magnetic anastomosis device
was 12.25 +1.49 d. Residual silk was found in the control group. The study group showed a greater smoothness of
the anastomosis than that of the control group. All layers of anastomosis healed well in both groups.

CONCLUSION
MCA is a safe and feasible procedure for digestive-tract reconstruction after total gastrectomy in this animal model.

Key Words: Magnetic surgery; Magnetic compression anastomosis; Gastric cancer; Total gastrectomy; Roux-en-Y
esophagojejunal anastomosis; Beagles

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Magnetic compression anastomosis (MCA) is a new type of anastomosis and a simple procedure affording a
reliable anastomosis effect. We proposed the application of MCA in digestive tract reconstruction after total gastrectomy in
dogs, and set up a control group to compare with manual suture anastomosis. The results showed that MCA was superior to
manual suture anastomosis in anastomosis time and anastomosis effect. Further optimization of magnet design and surgical
methods can make it have clinical application prospects.

Citation: Zhang MM, Li CG, Xu SQ, Mao JQ, Zhang YH, Shi AH, Li Y, Lyu Y, Yan XP. Magnetic compression anastomosis for
reconstruction of digestive tract after total gastrectomy in beagle model. World J Gastrointest Surg 2023; 15(7): 1294-1303

URL: https://www.wjgnet.com/1948-9366/full/v15/i7/1294.htm

DOI: https://dx.doi.org/10.4240/wjgs.v15.i7.1294

INTRODUCTION

Gastric cancer (GC) is one of the most serious and common malignancies of the digestive system worldwide. Approx-
imately 1.08 million new cases of GC and 769000 deaths globally were reported in 2020[1]. Borderline gastroesophageal
tumors, cardiac cancer, and fundus tumors are treated by performing total gastrectomy and reconstruction of the
digestive tract. After total gastrectomy for GC, Roux-en-Y esophagojejunal anastomosis is commonly used for
reconstruction. However, complications of esophagojejunostomy and jejunojejunostomy after total gastrectomy, the most
common of which are anastomotic stricture and anastomotic leakage, are closely related to the prognosis of patients.
Some examples of common esophagogastrostomy methods are hand-sewn and mechanical anastomoses. Studies have
reported an incidence rate of 2.1%-14.6% for esophagojejunal anastomotic leakage and a high mortality rate of 50%[2-5].
Hence, it is necessary to study whether other anastomotic methods can be used for digestive tract reconstruction after
total gastrectomy.

Magnetic compression anastomosis (MCA) is a new type of anastomosis, characterized by a “no-contact” magnetic
field force between magnetic materials. It uses magnetic force for non-penetrating anastomosis reconstruction of tissues at
both ends of the anastomosis, without any sutures and staples[6,7]. Obora was the first to carry out research on MCA. He
showed that magnetic ring anastomosis has the advantages of a simple operation and a reliable anastomosis effect[8]. At
present, MCA is applied to esophageal anastomosis[9,10], gastrointestinal anastomosis[11], small intestine anastomosis
[12], colorectal anastomosis[13,14]. In addition, MCA can be used for vascular anastomosis[15,16] and cystostomy[17].
However, there is no relevant report on the application of MCA in esophagojejunostomy and jejunojejunostomy after
total gastrectomy.

This study investigates the safety and reliability of MCA for digestive-tract reconstruction (esophagojejunostomy and
jejunojejunostomy) after total gastrectomy in beagle dogs. It also compares the results with those of hand-sewn
anastomosis.
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MATERIALS AND METHODS

Ethical statement

The experimental protocol was approved by the Committee for Ethics of Animal Experiments of Xi’an Jiaotong
University (license No. 2022-1451). Sixteen beagles (male = 8, female = 8) were obtained from the Laboratory Animal
Center of the Xi’an Jiaotong University (Xi’an, China). The research protocol and all the experimental procedures were
strictly in accordance with the Guidelines for the Care and Use of Experimental Animals, issued by the Xi'an Jiaotong
University Medical Center.

MCA device

Since esophagojejunostomy and jejunojejunostomy are required for Roux-en-Y digestive-tract reconstruction after total
gastrectomy, we used two pairs of magnetic anastomosis rings: An end-to-end esophagojejunal magnetic anastomosis
ring (EJ-MAR) and an end-to-side jejunojejunal magnetic anastomosis ring (J]-MAR). The EJ]-MAR comprises a pair of
cylindrical magnetic rings (parent ring and daughter ring) with a central hole. The guide tube is fixed at the center of the
parent ring. The J]-MAR also comprises a pair of circular rings (parent ring and daughter ring). The parent magnetic ring
is fixed with a T-shaped guide tube. Both the E]-MAR and J]-MAR are made of N40 sintered NdFeB with axial saturation
magnetization. The surfaces of the EJ-MAR and J]-MARare protected by titanium nitride coating and nickel coating
respectively. The magnetic anastomosis device was designed by the authors of this paper. Figure 1 shows the two types of
magnetic anastomosis rings. Table 1 Lists the physical parameters of these two rings.

Study design

Sixteen beagles > 1 year old and weighing 12-15 kg were randomly divided into two groups: The MCA group (female =
4, male = 4) and the hand-sewn group (female = 4, male = 4). The study group was given end-to-end esophagojejun-
ostomy and end-to-side jejunojejunostomy with the EJ-MAR and JJ-MAR, respectively. The control group was given
hand-sewn anastomosis with 4-0 interrupted non-absorbable sutures. The anastomotic time, postoperative complications,
and survival rate of the two groups were compared. In the study group, the time that the magnet rings took to be
expelled from the body was recorded. One month after the operation, the anastomosis specimens were examined.

Surgical procedures

The beagles were kept on a fast 12 h before surgery and were not fed any solids. They were anesthetized by intravenous
injection of 3% pentobarbital sodium (1 mL/kg) and fixed in the supine position. An approximately 20-cm incision was
made in the middle of the upper abdomen. The left and right gastroepiploic vessels were cut with hemostatic forceps
clips, and the broken ends of the vessels were ligated with 4-0 silk sutures. The duodenum was cut just below the anterior
pyloric vein and the stump was closed by purse-string sutures. The ligaments of the spleen and stomach were separated,
the short gastric vein was cut off, and the broken end of the blood vessels was ligated with a 4-0 silk thread. The left
gastric vessels and fundic veins were divided along the gastric wall and ligated with the 4-0 silk thread. The esophagus
was cut above the cardia incisura. After total gastrectomy, the jejunum was incised approximately 12 cm distal to the
Treitz ligament (Figure 2A).

In the control group: End-to-end interrupted full-thickness hand-sutured anastomosis was performed between the
esophageal stump and the distal jejunum (a'-c') using 4-0 silk sutures. The proximal jejunal stump was anastomosed with
the distal jejunum (b'-d') by end-to-side interrupted full-thickness manual suture using 4-0 silk sutures (Figure 2B). To
avoid differences in surgical outcomes caused by human factors, all surgeries were performed by the same surgeon.

In the study group: The parent ring of the J]-MAR was placed at the proximal jejunal stump, which was then ligated to
the guide tube of the abovementioned ring with a 4-0 non-absorbable silk suture. The daughter magnet ring of the JJ-
MAR was pushed to the appropriate position at the distal end of the jejunum (Figure 2C), so that it was automatically
aligned with the parent ring of the JJ-MAR, and the end-to-side magnetic anastomosis between the proximal jejunal
stump and the distal jejunum (b'-d') was completed (Figure 2D). The same method was used to place the parent and
daughter rings of the EJ-MAR in the distal jejunal stump and the esophageal stump, respectively. The esophageal stump
and the distal jejunal stump were ligated using a purse-string suture (Figure 2E). The daughter and parent rings of the EJ-
MAR were placed close to each other so that they were automatically attracted to each other, and the end-to-end
magnetic anastomosis between the esophageal stump and the distal jejunal stump (a'-c') was completed (Figure 2F). After
using the continuous magnetic force for a certain period, the JJ-MAR rings were first detached from the anastomosis, and
the jejunal end-to-side anastomosis was established (Figure 2G). Next, the EJ-MAR rings were detached from the
anastomosis and the end-to-end esophagojejunal anastomosis was established (Figure 2H).

Postoperative care

All dogs were managed in a single cage after emergence from anesthesia. Pethidine hydrochloride (1 mg/kg) was
injected intramuscularly every 12 h for 3 d after operation for analgesia. Cefotiam (0.5 g) was given intravenously every
12 h for 3 d after surgery to fight infection. The dogs in the control group were given a non-residue liquid diet for the first
5 d after operation, and then placed back to the normal diet before operation. The dogs in the study group were fasted
without drinking and were given glucose and an electrolyte solution intravenously every day. The study group
underwent abdominal X-ray examination every other day to monitor the position of the magnet. When the X-ray
examination showed that the magnet had detached from the anastomosis, the normal diet for the dogs was resumed.
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Table 1 Physical parameters of esophagojejunal magnetic anastomosis ring and jejunojejunal magnetic anastomosis ring

Device 0D, mm ID, mm Thickness, mm MFD, mT Weight, g GTL, mm
EJ-MAR PR 20 5 5 338 11.05 20

DR 20 5 10 436 21.04
JJ-MAR PR 25 14 5 267 12.39 14

DR 25 14 3 202 7.74

EJ-MAR: Esophagojejunal magnetic anastomosis ring; JJ-MAR: Jejunojejunal magnetic anastomosis ring; PR: Parent ring; DR: Daughter ring; OD: Outer
diameter; ID: Inner diameter; MFD: Magnetic flux density; GTL: Guide-tube length.

Daughter ring _ - :
Darerting Parent ring > Daughter ring

S

B 2 3 4 5 6 7 8 N 2 3 4 5 6 7 8 9
DOI: 10.4240/wijgs.v15.i7.1294 Copyright ©The Author(s) 2023.

Figure 1 Magnets. A: Esophagojejunal magnetic anastomosis ring; B: Jejunojejunal magnetic anastomosis ring.

Tissue harvest and analysis

All dogs were euthanized one month after operation, and the esophagojejunal anastomosis and jejunojejunal anastomosis
specimens were obtained. The healing of the anastomosis was observed by the naked eye. Next, the anastomotic
specimen was soaked overnight in 10% formalin. After fixation, the specimen was embedded in paraffin and a 4-pm-thick
section was prepared from the anastomosis. The sections were stained with hematoxylin and eosin (H&E) and Masson
trichrome and examined under a bright-field microscope.

Statistical analysis

SPSS statistical 20.0 software was used for data analysis. The quantitative data of normal distribution are described by the
mean * SD, while those of non-normal distribution are described by the median. Differences between the groups were
compared by an independent sample t-test or a nonparametric test. P < 0.05 indicated a significant difference.

RESULTS

Procedural parameters

All dogs successfully underwent digestive-tract reconstruction after total gastrectomy using MCA and manual-suture
anastomosis in the study group (Figure 3A-D) and the control group (Figure 3E and F), respectively. Postoperative
abdominal X-ray examination of the study group showed that the two pairs of magnets were well attracted to each other
(Figure 4). In the study group, esophagojejunal and jejunojejunal anastomoses took 6.13 + 0.58 and 4.06 + 0.42 min,
respectively, significantly lower than those in the control group (15.63 + 1.53 min, P < 0.001 and 10.31 + 1.07 min, P <
0.001, respectively). In the study group, the mean time for expelling the J]-MAR from the anus was 10.75 + 1.28 d (range
9-13 d), and that for the EJ]-MAR was 12.25 £ 1.49 d (range 10-15 d).

Survival rate and postoperative complications
All animals in both groups survived to 1 mo after operation, with a survival rate of 100%. No bleeding, anastomotic
leakage, digestive-tract obstruction, and other postoperative complications occurred.

Gross and histological appearance of anastomosis
The serosal layer of esophagojejunal and jejunojejunal anastomoses of both groups healed well (Figures 5A and B and 6A
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Figure 2 Schematic diagram of the surgical procedure. A: Schematic diagram of total gastrectomy; B: Digestive tract is reconstructed in the control group;
C: Parent and daughter magnetic rings for end-to-side jejunal anastomosis are placed; D: Jejunojejunal end-to-side magnetic anastomosis is established; E: Parent
and daughter magnetic rings for esophagojejunal end-to-end anastomosis are placed; F: Esophagojejunal end-to-end magnetic anastomosis is established; G:
Jejunojejunal end-to-side anastomosis is established, and the magnet is detached from the anastomosis; H: Esophagojejunal end-to-end anastomosis is established,
and the magnet is detached from the anastomosis. a": The esophageal stump; b": The proximal jejunal stump; c': The distal jejunal stump; d": The distal jejunum; EJ-
MAR: Esophagojejunal magnetic anastomosis ring; JJ-MAR: Jejunojejunal magnetic anastomosis ring.

and B). No obvious stenosis in the anastomosis was observed, except for the residual suture in the anastomosis of the
control group (Figure 6C and D). No residual foreign body was observed in the anastomosis of the study group
(Figure 5C and D). H&E and Masson staining showed that all layers of the anastomosis of the two groups healed well
(Figure 7). The mucosal layer of the anastomosis in the study group was smoother than that in the control group.

DISCUSSION

Some studies have confirmed that MCA can be applied to end-to-end and end-to-side anastomosis in digestive tract[10,
18]. However, there is no relevant report on the application of MCA for digestive-tract reconstruction after total
gastrectomy. This study is the first to use MCA for total magnetic anastomosis reconstruction after total gastrectomy. The
following study results were obtained: (1) MCA can significantly reduce the anastomosis time compared with that
needed for manual sutures in both esophagojejunostomy and jejunojejunostomy, which is consistent with the results of
previous studies; (2) Despite significant differences in the histological structure of the esophagus and gastrointestinal
tract, MCA can still establish a good anastomosis effect; and (3) The magnetic compression of jejunojejunal and esophago-
jejunal anastomoses was established sequentially, and the magnets were discharged in batches to avoid their unplanned
absorption in the digestive tract.

MCA is different from staple anastomosis and manual-suture anastomosis. MCA is a type of “structure immediate
anastomosis and function delayed anastomosis” which means that even after the operation, the patency of the
anastomosis could not be established before the magnet was detached from the anastomosis. Therefore, the animals in the
study group were unable to eat during this period and needed to rely on intravenous nutritional support. Although the
esophagojejunal and jejunojejunal anastomoses can be blocked for a short period, during which time they do not
undertake the task of letting food pass, it is still necessary to ensure a safe passage for digestive fluids such as saliva, bile,
pancreatic juice, and intestinal juice. Therefore, in this study, the parent magnets of the E]-MAR and JJ-MAR were fixed
with a guide tube, which plays a role in draining the digestive fluid before the anastomosis was established.
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Figure 3 Surgical procedure. A: Insert the parent ring of jejunojejunal magnetic anastomosis ring (JJ-MAR); B: Parent and daughter ring of JJ-MAR attract each
other; C: Insert the parent of esophagojejunal magnetic anastomosis ring (EJ-MAR); D: Parent and daughter ring of EJ-MAR attract each other; E: Jejunojejunal
anastomosis is performed end-to-side with manual sutures; F: Esophagojejunal anastomosis is performed with an end-to-end manual suture; EJ-MAR:
Esophagojejunal magnetic anastomosis ring; JJ-MAR: Jejunojejunal magnetic anastomosis ring.

DOI: 10.4240/wjgs.v15.i7.1294 Copyright ©The Author(s) 2023.

Figure 4 Esophagojejunal magnetic anastomosis ring and jejunojejunal magnetic anastomosis ring are monitored by X-ray. A: Instant X-ray
showed all anastomats coupled well and retained at the right place; B: Position and state of the esophagojejunal magnetic anastomosis ring; C: Position and state of
the jejunojejunal magnetic anastomosis ring. EJ-MAR: Esophagojejunal magnetic anastomosis ring; JJ-MAR: Jejunojejunal magnetic anastomosis ring.

In this study, the design of the E]-MAR was kept different from that of the J]-MAR for two reasons. First, the daughter
magnetic ring of the former adopts the scheme of superposition of two magnetic rings, mainly because the retraction
occurs after the esophagus is severed and the tension at the anastomosis is large. Therefore, a stronger magnetic force is
needed, which can be obtained by increasing the number of magnetic rings. Second, the wall of the esophageal stump is
thick. For a better compression anastomosis effect, the central hole of the E]-MAR should be kept small, which not only
facilitates the purse-string suture of the esophageal and jejunal stumps, but also ensures that there is enough wall tissue
between the daughter and parent magnets to ensure the quality of anastomosis. Of course, because of the thin guide tube
of the EJ-MAR, the dogs in the study group need parenteral nutrition support after operation, which is one of its
shortcomings. Therefore, the future research should focus on optimizing the design of the EJ-MAR and increasing the
diameter of the guide tube. This will allow the study-group dogs to receive a slag-free liquid diet after surgery.

Poor anastomotic blood supply, high tension, and long operative time may increase the incidence of anastomotic
leakage[19,20]. In this study, we demonstrated that the application of MCA significantly reduced the operative time for
gastrointestinal anastomosis compared to that needed for hand-sewn anastomosis. Shortening the anastomosis operation
and simplifying the anastomosis technique reduce the destruction of anastomotic submucosal vessels and facilitate the
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Figure 5 Gross specimens of anastomosis in the study group. A: Serosal surface of esophagojejunal anastomosis; B: Serosal surface of jejunojejunal
anastomosis; C: Mucosal surface of esophagojejunal anastomosis; D: Mucosal surface of jejunojejunal anastomosis.
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Figure 6 Gross specimens of anastomosis in the control group. A: Serosal surface of esophagojejunal anastomosis; B: Serosal surface of jejunojejunal
anastomosis; C: Mucosal surface of esophagojejunal anastomosis. D: Mucosal surface of jejunojejunal anastomosis.

healing of the anastomotic tissue. Hand-sewn anastomosis is used to connect tissues at two ends of anastomotic stoma
through suture, so as to ensure the continuity of the gastrointestinal tract and making the anastomosis successful. When
sutures penetrate tissues, they form microgaps with tissues through which bacteria and digestive juices invade the
tissues, increasing the potential for anastomotic leakage. MCA is a “non-penetrating” mode of anastomosis, also known
as “the third mode of anastomosis” after hand-sewn anastomosis and mechanical stapling anastomosis. MCA creates a
uniform compression force between the two ends of the anastomosis, which can effectively avoid tearing of the
anastomotic tissue caused by the uneven tensile force between different points in the suture anastomosis, so as to
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Figure 7 Histological specimens of anastomosis. A and B: Esophagojejunal anastomosis in the study group; C and D: Jejunojejunal anastomosis in the
study group; E and F: Esophagojejunal anastomosis in the control group; G and H: Jejunojejunal anastomosis in the control group. HE: Hematoxylin & eosin.

effectively improve the quality of anastomosis. Moreover, under the action of the magnetic force of the parent and
daughter magnets, the pathological process of ischemia-necrosis-shedding occurred at the target anastomosis site, while
adhesion-repair-healing occurred in the tissues adjacent to the anastomosis. Discharge of the magnets from the
anastomosis indicated that the anastomosis was successfully established and no foreign body was present in the tissue.

Examination of gross specimens and histological sections revealed that the mucosa on the anastomotic surface was
smoother in the study group than it was in the control group. This could be because sutures retained in the tissue as
foreign bodies cause a chronic inflammatory response in the tissue, resulting in inflammatory-cell infiltration, excessive
fibroblast proliferation, and scarring of the anastomotic tissue; in severe cases, it may cause anastomotic stenosis or even
occlusion. This situation can be avoided to a great extent using MCA[19]. The study has the following limitations: (1) A
small sample size of the experimental animals; and (2) Lack of observation over a longer duration in both groups of
anastomoses. In this study, the two pairs of magnets in the study group did not attract each other. Of course, it cannot be
denied that the adverse events of the two magnets attraction were not observed due to the small sample size. Therefore,
we suggest that necessary protective measures should be taken for the possible attraction of the two pairs of magnets in
the next research, such as magnetic shielding measures for the two pairs of magnets.

CONCLUSION

This study demonstrates the feasibility of MCA in digestive-tract reconstruction after total gastrectomy, especially when
there are two sets of magnets in the body. Further optimization of the magnet design and surgical procedure would allow
the application of MCA in clinical total gastrectomy.
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Research background

Magnetic compression anastomosis (MCA) has been reported in gastrointestinal anastomosis and small intestine
anastomosis, however, there is no relevant report on the application of MCA in esophagojejunostomy and jejunojejun-
ostomy after total gastrectomy.
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To investigate the feasibility of total magnetic anastomosis reconstruction of digestive tract after total gastrectomy.
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To design the magnet anastomosis rings for reconstruction of digestive tract magnamosis after total gastrectomy and
investigate its feasibility.

Research methods
Sixteen beagle dogs were randomly assigned to the MCA group and the manual suture group. The operation time,
postoperative complication and anastomosis specimens were examined between the two groups.
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Research results
The results showed that the anastomosis time of MCA group was significantly shorter than that of manual suture
anastomosis group. The study group showed a greater smoothness of the anastomosis than that of the control group.

Research conclusions
MCA is safe and feasible for digestive-tract anastomosis reconstruction after total gastrectomy.

Research perspectives
Animal experiments show that MCA has advantages for digestive-tract anastomosis reconstruction after total
gastrectomy, which can be applied in clinic after further optimization of magnet design.
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