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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.

https://www.wjgnet.com/1948-9366/full/v15/i7/1294.htm
https://dx.doi.org/10.4240/wjgs.v15.i7.1294
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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 (JJ-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 JJ-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 EJ-MAR and JJ-MAR are made of N40 sintered NdFeB with axial saturation 
magnetization. The surfaces of the EJ-MAR and JJ-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 JJ-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 OD, 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.

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-μm-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 JJ-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 EJ-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.

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 EJ-MAR was kept different from that of the JJ-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 EJ-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.

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.

ARTICLE HIGHLIGHTS
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.

Research motivation
To investigate the feasibility of total magnetic anastomosis reconstruction of digestive tract after total gastrectomy.

Research objectives
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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