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Abstract
BACKGROUND 
Esophageal atresia (EA) is a life-threatening congenital malformation in 
newborns, and the traditional repair approaches pose technical challenges and are 
extremely invasive. Therefore, surgeons have been actively investigating new 
minimally invasive techniques to address this issue. Magnetic compression 
anastomosis has been reported in several studies for its potential in repairing EA. 
In this paper, the primary repair of EA with magnetic compression anastomosis 
under thoracoscopy was reported.

CASE SUMMARY 
A full-term male weighing 3500 g was diagnosed with EA Gross type C. The 
magnetic devices used in this procedure consisted of two magnetic rings and 
several catheters. Tracheoesophageal fistula ligation and two purse strings were 
performed. The magnetic compression anastomosis was then completed thoraco-
scopically. After the primary repair, no additional operation was conducted. A 
patent anastomosis was observed on the 15th day postoperatively, and the 
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magnets were removed on the 23rd day. No leakage existed when the transoral feeding started.

CONCLUSION 
Thoracoscopic magnetic compression anastomosis may be a promising minimally invasive approach for repairing 
EA.

Key Words: Congenital esophageal atresia; Minimal invasive surgery; Thoracoscopic repair; Magnetic compression 
anastomosis; Primary repair; Case report
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Core Tip: Esophageal atresia (EA) is a life-threatening congenital malformation in newborns, and the traditional surgeries 
pose technical challenges and are extremely invasive. Therefore, surgeons have been actively investigating new minimally 
invasive techniques to address this issue. In this report, we discussed the primary repair of EA with magnetic compression 
anastomosis under thoracoscopy. After the primary repair, no additional operation was conducted, and no leakage existed 
when the transoral feeding started. This case demonstrated that thoracoscopic magnetic compression anastomosis may be a 
promising minimally invasive approach for repairing EA.
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INTRODUCTION
Esophageal atresia (EA) is a life-threatening congenital malformation in newborns, and its repair is the greatest technical 
challenge in pediatric surgery. The classic approach is through a right laterodorsal extrapleural thoracotomy via the four-
interspace transverse incision. However, these open approaches are extremely invasive, and there are many postoperative 
complications[1]. Pioneering pediatric surgeons have developed some minimally invasive techniques to repair the atresia, 
such as the thoracoscopic repair[2] and the magnetic compression technique[3]. However, the requirement of high-level 
operative skills makes thoracoscopic repair difficult to be widely promoted and applied[4]. Therefore, it is necessary to 
find a minimally invasive procedure that can be easily conducted and does not require a very high level of operative 
skills. The convenience and efficacy of magnetic compression anastomosis (also known as magnamosis) for treating EA 
have been shown by several reports[3,5-7]. This report presented a novel minimally invasive approach, i.e., the thoraco-
scopic esophageal magnetic compression anastomosis.

CASE PRESENTATION
Chief complaints
The primary complaints were drooling of saliva, dyspnea, and vomiting immediately after feeding postnatally for 3 d.

History of present illness
The male in this study was born at gestational week 40 + 6 in a county hospital and weighed 3500 g. Polyhydramnios was 
found by ultrasonographic examination before birth. Postnatally, drooling of saliva, dyspnea, and vomiting immediately 
after feeding were observed. The feeding tube could not be passed into the stomach. The diagnosis of EA was confirmed 
by esophageal angiography. The baby was then transferred to our hospital for further treatment.

Personal and family history
No family history of this condition was confirmed.

Physical examination
A gastric tube was placed in the proximal esophageal pouch. Therefore, there were no other positive signs.

Laboratory examinations
The laboratory examinations were normal.
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Imaging examinations
The X-ray film showed that the proximal esophageal pouch was at the fourth thoracic vertebra, and the air in the stomach 
and intestine indicated a distal tracheoesophageal fistula (Figure 1). With echocardiography, foramen ovale and atrial 
septal defects were also found.

FINAL DIAGNOSIS
EA Gross type C.

TREATMENT
To avoid the complications associated with open surgery, the baby’s parents signed the written informed consent and 
authorized the surgeons to perform the thoracoscopic esophageal magnetic compression anastomosis. This study was 
approved by the Ethics Committee of The First Affiliated Hospital of Xi’an Jiaotong University. The operation was 
performed on the same day the baby arrived at our hospital.

Magnetic compression system
This system consisted of two magnetic rings (NdFeB), a feeding tube, and several catheters (Figure 2). The outer 
diameters of the magnets used in the proximal pouch and distal esophagus were 9 mm and 7 mm, respectively, having a 
thickness of 10 mm. The inner diameters of the magnets were 2 mm. The feeding tube (6F) was passed through the 
magnets to ensure the patency of the esophagus before the anastomosis was formed. The catheters of different outer 
diameters were utilized for measuring the distal esophageal inner diameter and pushing the magnets. The wall of the 
catheter was split to facilitate removal after pushing the magnets. The feeding tube was passed through the proximal 
magnet before insertion into the proximal esophagus.

Surgical procedure
The neonate was placed in the left lateral decubitus with the right arm fixed over the head under general anesthesia. A 
tracheabronchoscopic examination was conducted to localize the position of the fistula, which was about 1.5 cm above the 
carina. Therefore, the endotracheal tube was advanced near the carina, and the right bronchus was blocked via balloon 
inflating. One-lung ventilation was utilized during the operation. A 3 mm 30° laparoscope and 3 mm instruments were 
used in this operation.

Three trocars were separately placed at the posterior axillary line of the fifth interspace and at the anterior axillary line 
of the fourth and sixth interspace. The mediastinal pleura was opened at the right anterior to the vertebral column. The 
distal esophageal fistula was freed after the azygos vein was divided between ties (Figure 3A). The proximal pouch was 
then adhered to the fistula. The fistula was closed and transected near the trachea by suture ligation. Then the prepared 
6F feeding tube was introduced into the esophagus and pushed forward by the anesthetist. The feeding tube was passed 
out of the proximal pouch through the distal esophagus and eventually into the stomach. Two purse strings with 5-0 
Vicryl were separately performed and tied around the feeding tube at the proximal and distal esophageal ends 
(Figure 3B).

A median upper abdominal transverse incision of about 1.5 cm was made and the stomach was pulled out gently. The 
feeding tube was pulled out through an incision at the anterior wall of the greater curvature of the stomach. Catheters of 
different diameters were used to measure the distal esophageal inner diameter from small to the bigger size. Finally, the 
maximum suitable size was chosen as 7 mm. A magnet with an outer diameter of 7 mm was advanced towards the distal 
purse string along the feeding tube by pushing with a catheter (Figure 3C). At the same time, the proximal magnet with 
an outer diameter of 9 mm was advanced towards the proximal pouch along the feeding tube by the anesthetist with 
another catheter. When these two magnets got close, they assembled together spontaneously to achieve anastomosis 
(Figure 3D). The catheters were then removed, and a big silk knot was tied over the feeding tube 14 cm from the end. The 
outer diameter of this knot was larger than the inner diameter of the distal magnet, which prevented the magnets from 
falling off into the stomach after the esophageal anastomosis formed patently. The feeding tube was then placed back into 
the stomach. The incision of the stomach was closed with 5-0 Vicryl. A 10 F chest drain tube was placed, and the chest 
and abdominal incisions were then cosmetically closed with 4-0 Vicryl.

OUTCOME AND FOLLOW-UP
After the operation, the child was admitted to the neonatal intensive care unit. Parenteral nutrition was given until the 
magnets were removed. Intravenous piperacillin/sulbactam was used as the antibiotic therapy. Another feeding tube 
was introduced into the proximal esophagus to drain the excessive saliva. An X-ray with a contrast agent was taken to 
localize the magnets and confirm the anastomotic patency. The magnets assembled well and were located at the sixth 
thoracic vertebra (Figure 4A). A minor leakage was observed on the 15th postoperative day, and the anastomosis was 
found to be patent simultaneously (Figure 4B). The anastomotic leakage was conservatively managed to stop spontan-
eously. The magnets were removed on the 23rd day postoperatively. After that, the esophagographic examination 
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Figure 1  Preoperative X-ray film using iohexol as the contrast agent.

Figure 2  Magnetic compression system.
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Figure 3 Surgical procedure. A: Dissect the esophageal atresia (white arrow: Proximal pouch; yellow arrow: Distal esophagus; green arrow: Esophageal fistula; 
red arrow: Trachea); B: Perform purse strings (white arrow: Proximal esophagus; yellow arrow: Distal esophagus; blue arrow: Feeding tube); C: Advance the distal 
magnet (white arrow: Distal magnet); D: Achieve esophageal magnetic anastomosis (yellow arrow: Proximal pouch; red arrow: Distal esophagus).

Figure 4 Postoperative X-ray films. A: Plain film on the 1st postoperative day; B: Film on the 15th postoperative day (yellow arrow: The small leakage, contrast 
agent: iohexol); C: Film after the removal of the magnets (contrast agent: Iohexol).
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confirmed that no leakage existed (Figure 4C). Transoral feeding was then started on the 23rd day postoperatively.

DISCUSSION
The surgical repair of EA is not an emergency except the EA affects the neonate negatively, such as combined with 
respiratory distress requiring ventilatory support[8]. The classic standard approach is the right extrapleural thoracotomy, 
which is extremely invasive. Since Lobe et al[2] reported the first thoracoscopic repair of EA in 1999, this minimally 
invasive technique has been gradually accepted and promoted. The perioperative outcomes of thoracoscopic repair have 
been found to be similar to the open repair except for the longer operative time[1,4]. However, the open conversion rate is 
dramatically high. Etchill et al[1] reported that the initial thoracoscopic repair was conducted in 133 of 855 neonates, and 
70 (53%) cases were converted to thoracotomy. A major cause leading to open conversion was technical difficulties[4]. In 
addition, the long learning curve also prevents the promotion of thoracoscopic repair[9,10]. Hence, pediatric surgeons 
have been trying to explore new and simple approaches for EA management.

In 1975, Hendren et al[11] proposed the use of an electromagnetic device to elongate the pouches of the EA with a long 
gap. Magnetic compression anastomosis using permanent magnets was first reported by Obora et al[2] in 1978 for 
vascular anastomosis. This technique was earlier used to perform gastroenteric anastomosis or recanalize the biliary 
stenosis or stricture after a liver transplant[13-16]. In 2009, Zaritzky et al[3] reported their repair experience of esophageal 
magnetic compression anastomosis in 5 cases. Prototyped catheters and fluoroscopic guidance were used for the 
placement of the magnets. However, all neonates received a gastrostomy for feeding before the formation of patent 
anastomosis and the occurrence of anastomosis strictures. Since then, several case reports and case series have been 
published covering magnetic compression anastomosis combined with endoscopy or thoracotomy[5-7,17,18]. In these 
previous studies, the patients underwent gastrostomy, thoracotomy, or staged repair, and these extremely invasive 
procedures might cause more perioperative or postoperative complications such as gastroesophageal reflux, anastomosis 
stricture, or leakage[8,19].

In this study, the thoracoscopic technique was first combined with magnamosis to achieve primary repair of EA Gross 
type C. This novel method retained the minimally invasive features of thoracoscopy while avoiding the technical 
difficulties caused by suturing anastomosis. The feeding tube was passed through the coupled magnets to introduce it 
into the stomach and used for postoperative feeding and removal of the magnets. The problem of gastrostomy increasing 
the morbidity of gastroesophageal reflux was avoided in this procedure. At the same time, the distal esophageal inner 
diameter was measured by the catheters of different diameters. It was helpful to achieve a larger anastomosis with a 
bigger distal magnet. The magnets before being removed also supported the anastomosis to prevent stricture. The X-ray 
with the contrast agent demonstrated a wide patent anastomosis after the transoral feeding was given.

Although the postoperative X-ray also found a minor leakage, the contrast agent did not enter the pleural cavity. Most 
esophageal anastomosis leakages seal spontaneously by conservative methods[20]. Therefore, we did not address this 
situation. Fortunately, the esophagographic examination showed a patent anastomosis without leakage after the magnets 
were removed. Another interesting point is that the preoperative examination found that the proximal end was at the 
fourth thoracic vertebra, whereas the postoperative anastomosis was at the sixth thoracic vertebra. This phenomenon 
demonstrated that the proximal esophagus was very stretchable. Previous case reports have shown the feasibility of 
magnetic repair of long-gap EA. Therefore, we believe that our approach can also be extended to primarily repair other 
subtypes of EA. We look forward to other colleagues using this procedure and accumulating more experience to share.

CONCLUSION
This report presented the first successful operation of primary repair of EA via thoracoscopic esophageal magnetic 
compression anastomosis. The procedure is simple, feasible, and effective for treating EA. The favorable outcome 
demonstrates that it is worth promoting.
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