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Abstract

Background Being one of the core techniques of magnetic surgery, magnetic compression technique (MCT) has been used
for digestive tract anastomosis reconstruction in experimental studies. This study verified the feasibility of gastroenteric
anastomosis through natural orifice using MCT in rats.

Methods The parent and daughter magnets were designed and manufactured for oral and anal insertion in 20 Sprague-Dawley
rats. After anesthesia, the parent magnet was inserted into the colon spleen area through the anus, and the daughter magnet
was inserted into the stomach through the mouth. Then the two magnets were positioned to attract each other and bind
together. The position of the two magnets was monitored using X-ray. The time required for the formation of the anastomosis
and expulsion of the magnets were recorded. 2 weeks later, the animal was sacrificed and the anastomotic specimen was
obtained which was observed under naked eye and microscope.

Results The gastroenteric anastomosis was successfully performed via natural orifices in 18 out of 20 rats. The mean time to
construct the anastomosis was 3.78 +0.88 min. X-ray examination showed that the magnets were in the appropriate position
in 17 rats. The magnets were excreted in 9.47 +1.62 days after surgery. The gross and microscopic examination of the speci-
men showed that the anastomoses were patent and the mucosa at the anastomotic was smooth. The mean bursting pressure
of the anastomosis was 136.94 +6.79 mmHg.

Conclusion Tt is feasible to perform gastroenteric anastomosis through natural orifices by MCT.

Keywords Magnetic surgery - Magnetic compression technique - Magnamosis - Gastroenteric anastomosis - Natural orifice
transluminal endoscopic surgery

Gastroenteric anastomosis is one of the most important sur-  an important palliative procedure to improve the qual-
gical techniques for digestive tract reconstruction for upper ity of life of patients with locally advanced malignant
gastrointestinal tract diseases. It is routinely performed in  gastroduodenal obstruction in whom radical surgery can-
oncological, reconstructive and bariatric surgeries [1]. Itis  not be performed and endoscopic stenting is not feasible.

Moreover, these patients are frail. Hence, the focus of the
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gastroenterologists has been to develop endoscopic tech-
niques to perform gastrointestinal anastomosis with mini-
mal trauma.

Magnetic surgery is an emerging discipline that utilizes
specially designed magnetic medical instruments or equip-
ments to transform the non-contact magnetic force of mag-
netic objects into a force to perform important functions
such as tissue compression, organ anchoring, lumen naviga-
tion, gap expansion, controllable tracer and magnetic drive
to help in the clinical practice. Magnetic surgery is a broad
concept that includes different technologies such as mag-
netic compression, navigation, anchor, levitation, and many
others [2]. Magnetic compression technique (also known as
magnamosis) is the most widely used technique of mag-
netic surgery. At present, magnamosis has been applied for
esophageal anastomosis [3—6], gastrointestinal anastomosis
[7-9] and intestinal anastomosis [10—13]. In addition, it can
also be used for vascular anastomosis [14-18], rectovagi-
nal fistula repair [19], and tracheoesophageal fistula model
preparation [20].

In previous studies, magnamosis was found to be feasi-
ble, safe and effective [21]. However, the procedure of mag-
namosis was mostly performed by laparotomy. In clinical
practice, this technique is likely to be more beneficial if per-
formed by natural orifice transluminal endoscopic surgery
with minimal trauma in patients with malignant gastrointes-
tinal obstruction. Therefore, we developed the technique of
magnamosis to perform gastroenteric anastomosis through
natural orifices in the rat model.

Materials and methods

Animals

Twenty Sprague-Dawley rats (10 males and 10 females)
weighing between 200 to 300 g were obtained from the

Fig. 1 The daughter magnets
(the upper layer) and the parent
magnets (the lower layer)

Experimental Animal Center, College of Medicine, Xi’an
Jiaotong University. Since the purpose of this experiment
was to explore the feasibility of the new technique, all 20 rats
were included in the study group and no control group was
set. This experiment was approved by the Biomedical Ethics
Committee of Xi’an Jiaotong University (No. 2021-1534).
The whole experiment process met the ethical requirements
of experimental animals.

Magnets

All the magnets used in this study were rectangular in shape.
The parent (Ilength 10 mm, width 4 mm, thickness 2 mm)
and daughter (length 10 mm, width 3 mm, thickness 2 mm)
magnets were designed according to the anatomical charac-
teristics of the esophagus and colon of rats for this experi-
ment (Fig. 1). The magnet was made of N42 sintered Ndfeb
and its surface was galvanized. The parent magnet (PM)
and daughter magnet (DM) weighed 0.572 g and 0.423 g,
respectively. The surface field intensity of the PM and DM
was 2590 GS (PM) and 2460 GS (DM), respectively.

Surgical procedures

All rats were adaptively fed for 1 week and were fed a
slag-free diet 2 days before surgery. The experimental
animals were anesthetized with 10% chloral hydrate
(350 mg/kg) by intraperitoneal injection. After induc-
tion of anesthesia, the rat was fixed in supine position
on the operating table of small animals and placed in the
head low position. After lubricating the anus with paraf-
fin oil, the PM was inserted through the anus. Then, PM
was pushed into the colon up to the splenic flexure near
the body of the stomach with the 8Fr nasogastric tube
(Fig. 2A). Then the rat was placed in reverse Trendelen-
burg position at 60-70°. Titanium alloy tissue tweezer
was used to place the DM into the esophagus and 8Fr
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nasogastric tube was used to push it into the stomach
(Fig. 2B). The position of PM and DM was adjusted under
fluoroscopy until they engaged automatically (Fig. 2C).

Postoperative care

After the operation, the rats were raised in a single cage.
Subsequently, the rats were fed normally. The animals
underwent an X-ray examination every day to observe the
position of the magnets. Due to the compression between
the two magnets, the gastro-colonic anastomosis would
be formed. Once the anastomosis is formed, the mag-
nets fell off and get discharged naturally through the anus
(Fig. 2D). The time when the magnets were expelled from
the body was recorded.

Calculation of the anastomosis time

Anastomosis time was defined as the time from the initial
insertion of magnets to the attraction of the two magnets
in vivo.

Bursting pressure

2 weeks after surgery, the rats were euthanized with
excessive chloral hydrate. The gastroenteric anastomosis

specimens were resected, including the stomach, 8 cm of
the colonic segment, a small section of esophagus and duo-
denum. The open ends of esophagus, duodenum and the
proximal colon were closed with silk thread, and a cath-
eter was introduced through the open end of the distal colon
which was then ligated with a single silk suture. The entire
anastomotic specimen was immersed in 0.9% normal saline
and the pressure in the lumen was slowly increased. The
sphygmomanometer was used to measure the bursting pres-
sure of the anastomosis. The intraluminal pressure at which
the first bubble emerged from the anastomosis was recorded
as the bursting pressure of the anastomosis.

Histological analyses

Anastomotic sections of sufficient length were cut and
soaked overnight in 10% buffered formalin. After fixation,
the anastomosis bearing segment was embedded in paraffin
and 4-um thick sections were cut at the anastomotic site.
Sections were stained with hematoxylin and eosin (H&E)
or Masson’s trichrome stain and examined under a bright
field microscope.

Statistical analysis

The SPSS version 18.0 was used for data analysis. Quantita-
tive data are expressed as mean + standard deviation.
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Fig.2 Schematic diagram of the surgical procedure. A Insertion of
the parent magnet through the anus in to the colon. B Insertion of the
daughter magnet through the mouth in to the stomach. C The daugh-
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ter and parent magnets get attracted together. D After the anastomosis
was formed, the magnets were expelled into the colon
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Results
Survival rate and postoperative complications

The survival rate was 90% (18/20). One rat died due to
anesthetic overdose, and the other died of asphyxia after
a failed attempt to place the DM through the esophagus.
In another rat, the side of the PM in the colon got attracted
to the bottom of the DM in the stomach, forming a smaller
anastomosis. The remaining 17 rats had good anastomosis
and no complications.

Procedural parameters

The gastroenteric anastomosis was successfully performed
in 18 rats. The mean anastomosis time in 18 rats was
3.78 +0.88 min. X-ray examination of 17 rats showed that
the magnets were in the appropriate position (Fig. 3A-D).
In one rat, the side of the PM in the colon got attracted to the

bottom of the DM in the stomach (Fig. 4). The patency of the
anastomosis was confirmed by gastrointestinal radiography
after the magnets fell off (Fig. 3E, F).

Timing of expulsion of the magnets

The mean time for the magnets to expel from the anus was
9.47 +1.62 days (range 6—12 days).

Bursting pressure

The mean blast pressure was 136.94 +6.79 mmHg at
2 weeks postoperatively (Fig. 5A).

Gross and histological appearance of anastomosis
The gross specimen obtained 2 weeks after the operation

showed that the anastomoses were patent and the mucosa
at the anastomotic site was smooth (Fig. SB-E). HE and

Fig.3 X-ray examination. A The parent magnet (white arrow) was
inserted into the colon through the anus. B The daughter magnet
(black arrow) was inserted orally into the stomach. C Anteroposte-
rior radiograph of two magnets attached together (red arrow). D Lat-

eral radiograph of two magnets attached together. E Anteroposterior
gastrointestinal radiography showed anastomosis was unobstructed. F
Lateral gastrointestinal radiography (Color figure online)
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Fig.4 X-ray of the magnets in
the wrong position. A Anter-
oposterior radiograph. B Lateral
radiograph

Masson’s staining showed that the mucosa at the anastomo-
sis healed with good integrity (Fig. 6).

Discussion

The gastroenteric anastomosis can be achieved either by
hand-sewn sutures or by the mechanical application of metal
staplers [22]. Magnamosis is a third technique to perform
a gastroenteric anastomosis. Due to the characteristic of
“power from a distance” of the magnets, no foreign body can
penetrate the tissue to be anastomosed during the digestive
tract reconstruction by magnamosis. The “sandwich” struc-
ture of “magnet-tissue-magnet” causes the magnetic force to
compress the tissues between the magnets at the anastomotic
site. Due to the continuous compression of magnetic force,
the pressed tissues between the magnets were subjected to
ischemia, necrosis and shedding, while the adjacent tissues
underwent the pathological changes of adhesion, repair and
healing. After the anastomosis was formed, the PM along
with the DM migrated into the distal colon and was expelled
spontaneously through the anus. For magnamosis, the anas-
tomotic stoma is not established after the attraction of the
parent and daughter magnets, and the anastomotic stoma
can be established only after the magnets fall off, which is
the inherent characteristic of the magnamosis mode. There-
fore, we believe that gastrointestinal magnamosis is suitable
for situations where there is no immediate need to establish
anastomotic access, such as gastrointestinal bypass surgery.

Magnamosis provides an excellent technique for gas-
trointestinal anastomosis using endoscopy. Due to the lack
of suitable endoscopic system for rats, we had to put the
magnet into the stomach by direct push method through
the mouth. The parent magnets were also pushed directly
through the anus as far as possible in the colon. But,
due to the shape of the colon and absence of appropriate
endoscope for rats, the magnets could not be placed in

@ Springer

the small intestine to perform gastrojejunal or gastroileal
anastomosis which is the required anastomosis in clinical
practice. However, in clinical practice, the magnets can
be placed at the desired place more conveniently with the
help of gastroscope, enteroscope or colonoscope. In this
experiment, we confirmed the feasibility of a novel method
for gastrocolonic anastomosis using magnamosis. On the
basis of this study, future studies on large animals such
as pigs and beagles can be conducted using endoscopic
systems such as gastroscope, colonoscope and enteroscope
and confirm the feasibility of magnamosis in constructing
gastroenteric anastomosis.

In the previous animal experiments of magnetic anasto-
mosis, the magnets were ring-shaped. But in this experi-
ment, cuboid magnets were used. In order to facilitate the
insertion or immediate opening of anastomosis, the magnets
used for end-to-end anastomosis of gastrointestinal tract, bil-
iary tract and esophagus are generally cylindrical or ring-
shaped [23-27]. In this study, there was no need to establish
an immediate intraoperative anastomosis. At the same time,
considering the maneuverability of the magnet, the cross-
sectional area of magnet should be as small as possible but
sufficient enough to form a wide anastomosis. Based on the
above factors, the cuboid magnet was designed. It should be
noted that after the placement of the PM in the colon, the
distance between the two magnets should be always paid
attention to in order to avoid the non-anastomotic surface
of the two magnets attracting each other when the DM was
inserted in the stomach. Otherwise, the anastomosis would
be too small or the magnets cannot be discharged. To ensure
that the magnets are attracted in the right way, the mag-
nets in the stomach or colon are attracted by a large anchor
magnet outside the abdominal wall to adjust their relative
positions. The slight movement of the external magnet can
attract the inner magnets to move through the gastrointes-
tinal, making the daughter magnet and the parent magnet
attractive to each other.
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Fig.5 The gross appearance of anastomoses. A Measurement of the
bursting pressure at the anastomotic site. B The whole specimen of
the anastomosis and a pair of expelled magnets. C The appearance of
the anastomosis from the colonic side. D The appearance of the anas-

This experiment proved the feasibility of gastrocolonic
magnamosis without the need for laparotomy. This novel
technique can fasten the recovery and reduce the incidence
of abdominal complications. In addition, there was no
invasive damage to the gastrointestinal after this method,
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tomosis from the gastric side. E The anastomosis was dissected along
the longitudinal axis. (“x” is the colon, “*” is the esophagus, “A” is
the stomach, “x” is the duodenum)

so normal food and water can be taken after anesthesia.
Postoperative gross and histology examination of the
resected specimen showed that the gastroenteric anasto-
mosis was well formed, unobstructed with smooth mucosa.
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Fig.6 Histologic examination of the anastomotic sites. A HE-stain, X 40. B Masson’s stain, X 40

Conclusion

This study demonstrated that it is feasible to perform gastro-
colonic anastomosis through natural orifices without lapa-
rotomy. Gastrointestinal anastomoses through endoscopic
systems need to be performed in large animals to confirm
the feasibility of this technique and further optimize magnet
design before studying in humans. The significance of this
paper lies in providing a new idea and method for the endos-
copy of gastrointestinal noninvasive anastomosis.
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