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Abstract
BACKGROUND
Clinically, tracheoesophageal fistula (TEF) is lack of effective surgical strategies.
One reason is due to the lack of appropriate animal models of acquired TEF,
which is usually complex and difficult. Recently, the magnetic compression
technique has been applied for digestive tract anastomosis or vascular
anastomosis in animals. In this study, an animal model of TEF in dogs was
developed by using the magnetic compression technique, hoping to provide a
new method for mimicking TEF.

AIM
To establish a TEF model in dogs by using the magnetic compression technique.

METHODS
Six male beagles were used as models with two Nd-Fe-B permanent magnets for
TEF. The parent magnet and the daughter magnet were placed in the cervical
esophagus and trachea, respectively. The anterior wall of the esophagus and the
posterior wall of the trachea were compressed when the two magnets coupled.
After 4-6 d, the necrotic tissue between the two magnets fell off and the parent
and daughter magnets disengaged from the target location, leaving a fistula.
Gastroscopy/bronchoscopy, upper gastrointestinal contrast study, and
histological analysis were performed.

RESULTS
The establishment of the TEF model in all six beagles was successful. The average
time of magnet placement was 4.33 ± 1.11 min (range, 3-7 min). Mean time for the
magnets to disengage from the target location was 4.67 ± 0.75 d (range, 4-6 d).
TEFs were observed by gastroscopy/bronchoscopy and esophageal angiography.
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The gross anatomical structure of the esophagus and the trachea was in good
condition. There was no esophageal mucosa or pseudostratified ciliated columnar
epithelium at the site of the fistula according to histological analysis.

CONCLUSION
It is simple, feasible, and minimally invasive to use the magnetic compression
technique for the establishment of the TEF model in dogs.

Key words: Magnetic compression technique; Tracheoesophageal fistula; Beagle; Animal
model

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The magnetic compression technique (MCT) is usually used clinically for
anastomosis. We propose a novel application for the MCT in establishing a canine model
of tracheoesophageal fistula (TEF). This is the first study to apply the MCT in the
development of a disease model. Findings showed that it is simple, feasible, and
minimally invasive to use magnetic compression technique for the establishment of the
TEF model in dogs. It can be used to study the pathophysiological changes of TEF and
to provide a good and stable model for exploring the advantages and disadvantages of
various surgical methods.

Citation: Gao Y, Wu RQ, Lv Y, Yan XP. Novel magnetic compression technique for
establishment of a canine model of tracheoesophageal fistula. World J Gastroenterol 2019;
25(30): 4213-4221
URL: https://www.wjgnet.com/1007-9327/full/v25/i30/4213.htm
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INTRODUCTION
Tracheoesophageal fistula (TEF) is the pathological channel between the trachea and
esophagus  caused  by  various  pathogenic  factors.  According  to  the  etiology,
tracheoesophageal fistula can be divided into congenital and acquired. The congenital
anomaly  occurs  in  an estimated 1  in  2000-4000  live  births[1],  and congenital  tra-
cheoesophageal fistula is often combined with esophageal atresia. Acquired TEFs are
rare, occurring in 0.5% of patients undergoing tracheotomy[2], 0.16%, 4.5%, and 14.75%
of patients[2] with primary lung, esophageal, or tracheal malignancies, respectively,
and secondary to  esophageal  carcinoma in 4.3%-8.1% of  patients.  TEF results  in
substantial  morbidity  and  mortality  as  it  is  associated  with  coughing  while
swallowing, purulent bronchitis, pneumonia[1,3], sepsis, dysphagia, and malnutrition[4].

Surgery is first line treatment for TEF[5], but the techniques are diverse, and the
long-term outcomes are disparate[6]. Therefore, a suitable animal model is required to
explore the therapeutic effects of various surgical procedures.

Studies have shown that magnetic compression is a simple, minimally invasive,
and reliable technique for surgical  anastomosis[7,8].  Currently,  the magnetic com-
pression technique (MCT) is applied therapeutically for repair and reconstruction in
esophageal  atresia[9],  biliary  stenosis[10-14],  vascular  anastomosis[15-22],  and gastro-
intestinal anastomosis[23-30]. Conversely, the MCT can be used for destructive purposes,
and a recent report described magnetic compression gastrostomy in rats[31].  In the
current study, we proposed a novel application for the MCT in establishing a canine
model of TEF.

MATERIALS AND METHODS

Ethical statement
This study was carried out in strict accordance with the recommendations in the Xi’an
Jiaotong  University  Medical  Center  Guide  for  the  Care  and  Use  of  Laboratory
Animals.  The  protocol  was  approved  by  the  Committee  for  Ethics  of  Animal
Experiments at Xi’an Jiaotong University (Permit Number: 2017-773).

Six  male  beagles  >  1  year  old  and  weighing  8-10  kg  were  obtained  from  the
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Experimental Animal Center, College of Medicine, Xi’an Jiaotong University (Xi’an,
China).  The animal protocol was designed to minimize pain or discomfort to the
animals. The animals were acclimatized to laboratory conditions (23 °C, 12 h/12 h
light/dark, 50% humidity, and ad libitum access to food and water) for 2 wk prior to
the experiments.

This was an exploratory study; therefore,  all  animals were included in the ex-
perimental investigations, and there was no control group. At the end of the study, all
animals were euthanized by a barbiturate overdose (intravenous injection, 150 mg/kg
pentobarbital sodium) for tissue collection.

Magnets
Both the parent magnet (diameter, 14 mm; thickness, 5 mm) and daughter magnet
(diameter, 10 mm; thickness, 5 mm) were cylinders. An anchor magnet (cylinder;
diameter, 14 mm; thickness, 20 mm) and a transmission magnet with a guide wire
attached were also used (Figure 1). The magnets were constructed of neodymium-
iron-boron (NdFeB,  N45).  The surface  of  the  magnets  was coated with titanium
nitride to  improve erosion resistance.  The magnetic  force  between the daughter
magnet and the parent magnet is 21 N. The magnetic density of the daughter and
parent magnets is 3200 GS and 3600 GS, respectively.

Study procedures
After fasting for 24 h, the beagles were weighed and anesthetized with intravenous
propofol (10 mg/kg). When loss of the paw withdrawal reflex had been confirmed,
the animals were placed on an operating table in the supine position. The glottis was
sufficiently exposed, and the daughter magnet was inserted into the trachea and
advanced to the target location using the transmission magnet and the guide wire
(Figure 2B). The anchor magnet was placed on the neck of the animal over the trachea
to fix the daughter magnet in its target location. The guide wire and transmission
magnet were withdrawn from the trachea (Figure 2C and D). Next, the parent magnet
was inserted into the cervical esophagus and advanced to the target location using the
transmission magnet and the guide wire. The parent magnet and daughter magnet
were automatically attracted to each other by magnetic force, the guide wire and
transmission magnet were withdrawn from the esophagus, and the anchor magnet
was removed (Figure 2E-G). Neck X-ray and gastroscopy were used to confirm the
target location and accurate coupling of the parent and daughter magnets.

Routine X-rays were performed daily to verify the position of the magnets. X-ray
gastroscopy at 5-7 d confirmed that necrotic tissue between the two magnets had been
shed and the parent and daughter magnets had detached from the target location and
entered the animal’s digestive tract (Figure 2H).

Specimen collection and histological analysis
The tissue sandwiched between the two magnets become ischemic, necrotic, and was
shed, resulting in the formation of a fistula, which was observed using esophageal
intubation, gastroscopy/bronchoscopy, and esophageal angiography. Following X-
ray confirmation of fistula formation, the beagles were weighed and anesthetized
with intravenous propofol (10 mg/kg) and placed on an operating table in the lateral
position.  For  gastroscopy/bronchoscopy,  methylene  blue  was  instilled  into  the
esophagus, above the fistula, using a gastric tube. A bronchoscope was inserted into
the trachea to observe the flow of methelyene blue from the esophagus to the trachea
and confirm the formation of a TEF. For esophageal angiography, the contrast agent
iohexol was instilled into the esophagus, above the fistula, using the gastric tube. The
fistula was visualized by esophageal angiography.

Subsequently, the beagles were euthanized with high dose barbiturate. All fistulas
were harvested. After gross observation, all  samples were fixed in 10% formalin.
Sections (4-6 µm) were stained with haematoxylin and eosin (HE) and Masson dye for
light microscopy.

Statistical analysis
SPSS statistics  software  v17.0  was  used for  data  analyses.  Quantitative  data  are
expressed as the mean ± standard deviation (SD).

RESULTS
The study procedures were performed successfully in all six beagles. Mean operating
time was 4.33 ± 1.11 min (range, 3-7 min). X-ray confirmed that the magnetic devices
were coupled together in their target locations (Figure 3B and C). Mean time for the
magnets to disengage from the target location was 4.67 ± 0.75 d (range, 4-6 d) after
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Figure 1

Figure 1  The magnetic device. A: The daughter magnet and the transmission magnet; B: The parent magnet and
the transmission magnet; C: The anchor magnet; D: The transmission magnet and the anchor magnet can be used to
position the daughter magnet.

implantation (Figure 4A). Mean time for the magnets to be expelled from the animals’
bodies was 6.50 ± 0.96 d (range, 5-8 d) after implantation (Figure 4A and B). There was
no  early  magnet  separation,  trachea  blockage,  digestive  obstruction,  or  other
complications resulting from implantation of the magnets.

Gastroscopy confirmed that the daughter magnet was located in the posterior wall
of  the  trachea,  and  the  parent  magnet  was  located  in  the  anterior  wall  of  the
esophagus (Figure 3D and E).  When the magnets  had separated from the target
location, gastroscopy revealed a TEF (Figure 4D and E). Gastroscopy/bronchoscopy
and esophageal angiography confirmed the formation of a TEF, as methylene blue
and contrast agent, respectively, were observed to flow from the esophagus to the
trachea (Figure 4C and F).

Gross and histological observations
The  gross  anatomical  structure  of  the  esophagus  and  the  trachea  was  in  good
condition. There was no tissue adhesion or scar formation between the trachea and
esophagus, except around the complete fistula that was seen between the trachea and
the esophagus. There was no hyperplasia of the tracheal mucosa, and the esophageal
mucosa around the fistula was smooth (Figure 5A-D).

There was no esophageal mucosa or pseudostratified ciliated columnar epithelium
at the site of the fistula according to histological analysis (Figure 5E and F).

DISCUSSION
The incidence of TEF is low, but the condition is associated with substantial morbidity
and mortality. If treatment is delayed, severe pulmonary infection and even death
may  occur.  Currently,  non-surgical  treatment  is  preferred  for  TEF,  including
endoscopic stent implantation to seal the fistula, local injection of a biological glue to
close  the  fistula,  or  laser  and  argon  plasma coagulation  for  thermal  ablation[32].
According to the location and size of TEF, different surgical methods can also be used.
However, long-term outcomes of surgery for TEF are variable, and a suitable animal
model is required to explore the efficacy and safety of surgery in TEF. At present,
published reports describing the establishment of animal models of TEF are scarce. A
rat  model  of  TEF was developed using an adriamycin injection administered to
pregnant  rats[33]  and surgical  procedures  were  used in  the  pig[34].  However,  it  is
complex and traumatic to establish an animal model of TEF by surgery, and outcomes
are variable. Specifically, severe adhesion of the trachea and esophagus occurs after
the initial surgery, which is unfavorable when testing the effects of a second corrective
surgical procedure.

The MCT is based on non-contact magnetic force and has been used successfully in
vascular, gastrointestinal, and biliary tract reconstruction. To the authors’ knowledge,
the MCT has not been applied to the establishment of an animal model of disease.

In the current study, the MCT was used to establish a canine model of TEF. The
parent and daughter magnets were placed in the cervical esophagus and trachea,
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Figure 2

Figure 2  Study procedures. A: Normal anatomy of the trachea and esophagus in the beagle; B: The daughter magnet was inserted into the trachea and advanced
to the target location using the transmission magnet and the guide wire; C: The anchor magnet was placed on the neck of the animal over the trachea to fix the
daughter magnet in its target location; D: The guide wire and transmission magnet were withdrawn from the trachea; E: The parent magnet was inserted into the
cervical esophagus and advanced to the target location using the transmission magnet and the guide wire; F: The parent magnet and daughter magnet were attracted
to each other by magnetic force; G: The guide wire and transmission magnet were withdrawn from the esophagus, and the anchor magnet was removed; H: 4-6 d
later, the necrotic tissue between the two magnets had been shed and the parent magnet and daughter magnet had detached from the target location. The
tracheoesophageal fistula was formed.

respectively. The posterior wall of the trachea and the anterior wall of the esophagus
were compressed when the parent and daughter magnet were coupled together. A
TEF resulted when the tissue sandwiched between the two magnets become ischemic
and necrotic. Following fistula formation, when the necrotic tissue between the two
magnets had been shed, the magnets detached from the target location. To avoid
entering the trachea, the magnets were designed with different sizes.  The parent
magnet was located in the esophagus and was larger than the daughter magnet in the
trachea. The larger magnet could not enter the trachea; therefore, when the magnets
detached  from  the  target  location,  they  entered  the  esophagus  and  were
spontaneously discharged through the digestive tract. This method was feasible due
to the anatomical structure of the canine trachea and esophagus. There is minimal
tissue between the trachea and esophagus, which allows the parent and daughter
magnets to couple together.

Using the MCT to establish a canine model of TEF has several strengths: (1) The
procedure is very simple and non-invasive; after the magnets are placed in the target
location and coupled, no further intervention is needed, and the animals can eat and
drink normally; (2) The position and size of the fistula can be precisely controlled by
the anchor magnet and the diameter of the daughter magnet, respectively; therefore,
the fistula can be accurately replicated in multiple animals; (3) The absence of the
magnets at the target location is indicative of the presence of a fistula; this is easily
determined using X-ray examination of the neck; (4) A TEF was created in 100% of the
animals used in this study, indicating a high success rate; and (5) There was no tissue
adhesion or scar formation between the trachea and esophagus, except around the
fistula, which facilitates investigating the efficacy and safety of a corrective surgical
procedure.

This method has the advantages of less additional trauma and closer to clinical
reality. It can be used to study the pathophysiological changes of tracheoesophageal
fistula and to provide a good and stable model for exploring the advantages and
disadvantages of various surgical methods.

This study also had some limitations: (1) The corrective surgical procedure must be
performed as soon as the TEF has formed, otherwise severe lung infections and even
death  may occur;  and (2)  The  number  of  animals  used  in  this  study was  small;
complications and defects may be found after increasing the number of experimental
animals.

In conclusion, it is simple, feasible, and minimally invasive to use the magnetic
compression technique for the establishment of the TEF model in dogs.
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Figure 3

Figure 3  The study procedures were performed successfully in all six beagles. A: The parent and daughter magnets; B and C: Fluoroscopy showing that the
parent and daughter magnets were coupled and retained in the target location; D and E: Endoscopy showing the magnets in the trachea and the esophagus.

Figure 4

Figure 4  Results after implantation. A: 6 d after magnet implantation: X-ray showing that the magnets were located in the digestive tract; B: 8 d after magnet
implantation: the magnets were expelled from the animal through the digestive tract; C: 8 d after magnet implantation: esophageal angiography showing the contrast
media flowing from the esophagus into the trachea; D: Bronchoscopy showing a fistula located in the posterior wall of the trachea; E: Gastroscopy showing a fistula
located in the anterior wall of the esophagus; F: Gastroscopy/bronchoscopy showing methylene blue flowing from the esophagus into the trachea.
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Figure 5

Figure 5  Gross and histological observations. A: Gross specimens of the trachea and esophagus; B: There was no tissue adhesion between the trachea and the
esophagus, except around the fistula; C: Gross specimen showing the fistula in the esophagus; D: Gross specimen showing the fistula in the trachea; E and F:
Histological analysis demonstrated that the esophageal mucosa (blue arrow) and pseudostratified ciliated columnar epithelium (black arrow) were absent at the site of
the fistula.

ARTICLE HIGHLIGHTS
Research background
Tracheoesophageal fistula in children is a rare human disease worldwide. To date, there is no
ideal surgical strategy for the disease. The main reason is due to the lack of ideal animal models
to mimic this disease.

Research motivation
The magnetic compression technique has been used to prepare the animal model of digestive
tract anastomosis or vascular anastomosis. Therefore, we tried to use this new technique to
establish a novel model mimicking tracheoesophageal fistula in children, hoping to provide a
new surgical strategy for this disease.

Research objectives
To establish  a  canine  model  of  tracheoesophageal  fistula  using the  magnetic  compression
technique.

Research methods
Using a magnetic device consisting of daughter and parent Nd-Fe-B permanent magnets, a
tracheoesophageal fistula model was established in male beagles through placing the device in
the cervical esophagus. After 4~6 days of operation, gastroscopy/bronchoscopy, esophageal
angiography, and histological analysis were carried out to identify the model.

Research results
After the operation, the esophageal mucosa and pseudostratified ciliated columnar epithelium
were absent at the site of the fistula in the beagle model of tracheoesophageal fistula. Mean
operating  time  was  4.33  ±  1.11  min,  and  mean  time  for  successful  establishment  of  the
tracheoesophageal fistula model was 4.67 ± 0.75 d.

Research conclusions
A simple, minimally invasive, and feasible model of tracheoesophageal fistula in canine was first
established by using the novel magnetic compression technique.

Research perspectives
Although providing a  suitable  model  similar  to  tracheoesophageal  fistula  in  children,  the
feasibility, applicability, safety, and efficacy of new surgical treatment for tracheoesophageal
fistula using the specific model need to be explored in future studies.
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