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Abstract
BACKGROUND
Aortoesophageal fistula (AEF) induced by esophageal fishbones is a rare complication of esophageal foreign bodies and is very difficult to treat. Although the current view suggests that endovascular stent-graft treatment is useful for AEF, whether a subsequent thoracic operation is necessary remains controversial. The purpose of this report is to describe our experience using endovascular stent-graft treatment without combined thoracic operations for the treatment of AEF in two specific cases.

CASE SUMMARY
We presented two cases of patients complaining of retrosternal discomfort treated in our department for an aortoesophageal fistula caused by the accidental ingestion of a fishbone. The two patients were effectively managed with combined means of endoscopic, medical (broad-spectrum antibiotic therapy, fasting, gastrointestinal decompression, etc.) and endovascular stent-graft treatment. The main difference in treatment was that the first patient presented with hematemesis after endoscopic removal of the fishbone. Subsequently, the patient underwent endovascular stent-graft treatment. The second case was managed with endoscopic removal of the fishbone with simultaneous endovascular stent-graft treatment, without any signs of hematemesis or melena. Both patients had successful postoperative management and were discharged home. Long-term follow-up is ongoing.

CONCLUSION
The treatment decision-making process should depend on the patients’ specific situations. Our practice indicates that endovascular stent-graft treatment without combined thoracic operations could be a valuable alternative in selected patients.
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Core Tip: Esophageal foreign body is the most common cause of aortoesophageal fistula. Aortoesophageal fistula is easily confused with other upper gastrointestinal bleeding, and it is very dangerous and has serious consequences. In this work, we presented two cases of perforation of esophagus due to foreign body and analyzed the 8 similar cases recorded in PubMed, MEDLINE from January 2000 to October 2021. This pooled analysis of involving endovascular stent-graft treatment of aortoesophageal fistula or other aortic injury secondary to foreign body, in view of clinical course, imaging, treatment and prognosis may provide a better understanding of aortoesophageal fistula.

INTRODUCTION
Esophageal foreign bodies are one of the most common reasons for emergency treatment, and fishbones are one of the most common esophageal foreign bodies. Regions of esophageal stenosis are the most common sites of esophageal obstruction and perforation[1]. The main causes of aortoesophageal fistula (AEF) are aneurysms, ingestion of foreign bodies, and advanced esophageal cancer. AEF is a rare disease with high mortality, with an annual incidence of 0.007 per million[2]. AEF is easily confused with other causes of upper gastrointestinal bleeding, is very dangerous and has serious consequences[3]. Currently, considerable controversy remains regarding the appropriate management strategies for this disease. Here, we present our successful experience in managing two consecutive patients with AEF using endovascular stent-graft treatment with multidisciplinary integrated management without combined thoracic operations.

CASE PRESENTATION
Chief complaints
Case 1: A 71-year-old Chinese woman presented to our department complaining of ingestion of a fish bone foreign body, with worsening retrosternal chest pain for 4 d.
Case 2: A 48-year-old man presented to the emergency room with a history of intense retrosternal discomfort lasting for 2 d after swallowing a fish bone.

History of present illness
Case 1: There were no complaints of fever, haematemesis, or any other symptoms.
Case 2: There were no other symptoms.

History of past illness
No special circumstances.

Personal and family history
No special circumstances.

Physical examination
No obvious abnormal physical examinations.

Laboratory examinations
Case 1: No obvious abnormal laboratory markers were observed.
Case 2: A routine blood analysis showed a white blood cell (WBC) counting of 11.34×109/L.

Imaging examinations
Case 1: Esophagogastroduodenoscopy (EGD) (Figure 1A) and chest computed tomography angiography (CTA) (Figure 1B-D) showed that a fish bone (length 2.0 cm) penetrated the wall of the esophagus and entered the thoracic aorta.
Case 2: Chest CTA (Figure 2) confirmed that the fishbone puncturing through the esophageal wall was tightly appressed to the descending aortic wall, with mediastinal hematoma.

FINAL DIAGNOSIS
Case 1
Perforation of the esophagus due to a foreign body with AEF.
Case 2
Perforation of the esophagus due to a foreign body without exclusion of perforating wounds to the descending aorta.

TREATMENT
Case 1
According to the wishes of the patient and her family, the patient was transferred to an affiliated hospital of a provincial medical college for further treatment. The foreign body was removed from the mouth using biopsy forceps by a local endoscopist on the first day after transfer to the hospital. However, the patient coughed up blood several times the next morning. The management of the patient is unclear due to a lack of medical records. She requested discharge from the affiliated hospital after fluid resuscitation, with relatively steady vital signs. Eventually, the patient was referred to the intensive care unit (ICU) of our hospital for evaluation and remediation. A reexamination with chest CTA (Figure 3) demonstrated thoracic aorta extravasation of contrast medium and swollen and thickened walls of the middle esophagus. We collaborated closely with a multidisciplinary team comprising gastroenterology, cardiovascular medicine, vascular surgery, and cardiothoracic surgery specialists. The patient underwent closure of the perforated aortic cavity via a minimally invasive interventional technique performed by vascular surgeons, with cardiothoracic teams on standby in case conversion to open surgery was necessary. An endovascular stent graft (30 mm × 200 mm, Ankura™, Shenzhen, China) was placed inside the descending aorta, and intraoperative high-pressure angiography confirmed successful results, with no extravasation of contrast medium. The patient underwent continuous broad-spectrum antibiotic therapy (intravenous vancomycin for 1 wk, piperacillin-tazobactam and metronidazole for 4 wk), nasogastric tube decompression and total parenteral nutrition for 3 wk after the intervention, during which she was constantly observed for indications of secondary or delayed bleeding or fever. The final chest CTA (Figure 4) demonstrated that the thoracic aortic stent graft was in the thoracic aorta and unobstructed without contrast agent extravasation. In addition, the swollen and thickened wall of the middle esophagus was significantly improved.
Case 2
After a multidisciplinary consultation, including gastroenterology, cardiovascular medicine, vascular surgery, and cardiothoracic surgery specialists, an aorta impaled by a foreign body was suspected. The angiographic catheter was first guided into the thoracic aorta, and arteriography revealed a 1 cm vascular niche in the descending aorta. Then, an endovascular stent graft that had not yet been released was delivered to the selected location by a vascular surgeon. EGD showed that both ends of the fish bones inserted into the esophageal wall 28 cm from the incisors (Figure 5A); The fish bone was gently removed endoscopically (Figure 5B), with subsequent active blood spurting noted in the esophageal defect (Figure 5C). At the critical moment, the aortal stent graft (28 mm × 200 mm, Ankura™, Shenzhen, China) was immediately released by a vascular surgeon, and angiography showed that the aortal defect was closed well. After endoscopic irrigation with normal saline, two longitudinal ulcers were observed (Figure 5D). A nasogastric tube was inserted to drain the digestive juice. After intervention, the patient fasted and received broad-spectrum antibiotic therapy (intravenous vancomycin for 1 wk, cefoperazone-sulbactam and metronidazole for 3 wk). After spending one day in the ICU because of a fever, the patient was transferred back to our department. No active bleeding was observed. He had no fever and no hematemesis or melena. CTA showed a well-positioned aortic stent graft and no contrast extravasation from the aorta (Figure 6). On the 7th day after the operation, esophageal imaging with meglumine diatrizoate demonstrated no leakage (Figure 7), and the gastrointestinal decompression tube was removed.

OUTCOME AND FOLLOW-UP
Case 1
The patient started oral intake on the 21st postoperative day and was discharged on day 28; later, her treatment was changed to oral antibiotics for 4 wk. The patient’s symptoms improved without fever and hematemesis. The patient was alive at the 19-mo follow-up.
Case 2
The patient started liquid intake on the 7th postoperative day and was discharged on day 21, with a home therapy antibiotic course for 4 wk. The patient was symptom-free and alive at the 5-mo follow-up.

DISCUSSION
The treatments of AEF mainly include the following: (1) Enteral feeding with broad-spectrum antibiotics and proton pump inhibitors, as well as percutaneous endoscopic gastrostomy or esophageal fistula bypass, but these approaches are often ineffective due to recurrent bleeding and severe infection[4]; (2) Endovascular stent-graft treatment is a rapid, minimally invasive and effective alternative to emergent surgical treatment of AEF and can quickly identify the bleeding site and achieve hemostasis through stent implantation[5]; and (3) Surgical repair is the typical treatment approach and was considered the only definitive treatment for foreign body-related AEF before the emergence of endovascular treatment, with in-hospital mortality and reintervention rate of nearly 40% and 50%, respectively[6,7]. A left thoracotomy followed by aortic replacement with a prosthetic/cryopreserved homograft is the typical approach for open AEF repair[7]. The popularization of endovascular therapy has provided more treatment options for AEF. A study[8] have attempted to close aortic ruptures during the acute phase using endovascular therapy, especially for patients with significant upper gastrointestinal bleeding in poor general condition who are not suitable for open surgery. In a systematic review, endovascular treatment for AEF offered encouraging perioperative outcomes, with an acceptable 30-d mortality rate (19.4%)[9]. However, when fistulas are present in the aorta and esophagus and are markedly contaminated, the use of endovascular stent grafts to close the contaminated fistula can lead to long-term artificial stent infection and a remarkable increase in the area of the aorta that needs to be resected. Currently, there are two main areas of controversy. First, it is questionable whether thoracic operations can be completely replaced by endovascular therapy. Second, if endovascular therapy cannot be fully substituted for thoracic surgery, it is unclear when further thoracic surgery should be performed.
In this paper, we compiled the reports of esophageal foreign bodies complicated with AEF or other aortic injuries in recent years, all of which involve endovascular stent treatment[10-17] (Table 1). These experiences indicate that endovascular stent treatment seems to be gaining popularity as a preferred method for AEF, and the severity of infection throughout the course of the disease is directly related to the prognosis of the patient. With regard to the management of esophageal fistula, we consider that the healing of the esophageal fistula could be assessed through esophageal imaging with meglumine diatrizoate and EGD a few days after removal of the foreign body and that the esophagus could be repaired by a viable pedicle flap of the omentum or a pedicled intercostal muscle flap or even through reconstitution of the gastrointestinal tract if a fistula exists[11,12,15]. More notably, Mezzetto et al[14] reported that the presence of a low-flow esophageal fistula could be endoscopically closed by long clips after removal of the foreign body. With regard to surgical management, thoracic surgery may not be necessary if the mediastinal infection gradually improves or if no obvious signs of infection are observed for several days after the operation, as reported by Mezzetto et al[14] and Zeng et al[17]. In the presence of obvious signs of infection and chest imaging suggestive of aortic pseudoaneurysm, most experts decided to perform immediate thoracic surgery after endovascular treatment for adequate mediastinal debridement, irrigation and drainage[10,11,13,15]. However, Kelly et al[12] reported successful treatment of a patient who had evidence of sepsis, high fever and hypotension with a stent that became infected 51 d after a single insertion of an endovascular stent graft; the patient later underwent definitive open surgical repair in which the stent was removed, the aorta was replaced with a homograft and covered with a left trapezius flap under deep hypothermic arrest, and the gastrointestinal tract was reconstituted. Conversely, in the case of an infected endovascular aorta stent for which no further surgery was performed due to the presence of comorbid conditions, the patient ultimately died, as reported by Rawala et al[16].
Our two cases were unique in that they involved the process of improving clinical competence. AEF is a life-threatening complication, and discharge to a peripheral hospital should be avoided. Based on the presence of such clinical complications, angio-computed tomography should be performed in all cases of foreign body removal, even if the patient is clinically asymptomatic. In the first case, 1 d after removal of the esophageal foreign body, the patient suddenly suffered from hematemesis and other conditions, which were suggested to be caused by aortoclasia. The patient was in critical condition and could have died at any time. We performed timely and effective thoracic aorta stent-graft placement and closed the aortic fistula to achieve hemostasis. Based on our experience with the first case, a combined plan was drafted for endoscopic removal of the fishbone with simultaneous closure of the aortic defect using minimally invasive endovascular treatment in the second case. The patient’s hemoglobin was within normal limits, without hematemesis or melena. The order of events involving endoscopic fishbone removal and endovascular stent placement is another concern; a prematurely placed stent could be damaged by the foreign body impaling the aortic wall from the esophagus. We ensured persistent jejunal nutrient and an anti-infectious state (especially against gram-positive bacteria) after conducting sufficient multidisciplinary discussions. Because there were no clinical signs of infection in either patient, we did not perform thoracic surgery at a later stage. It is unprecedented that 2 continuous patients did not develop mediastinal infection and gradually resumed a normal diet. Because the esophageal fistulas were small, the esophagus was allowed to heal naturally. Thus, we did not place sutures through thoracic surgery. Conversely, patients with AEF and clinical signs of infection who are in good physical condition and considered low risk for open surgery should be considered for thoracic surgery.

CONCLUSION
Based on our limited experience with these two cases, we suggest that the management options for AEF patients should depend on the severity of the mediastinal infection, recovery from the esophageal fistula, extent of aortic injury, and the patients’ general condition. Our cases indicate that endovascular stent-graft treatment without combined thoracic operations could be a valuable alternative in selected patients.
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Figure Legends
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Figure 1 Esophagogastroduodenoscopy and chest computed tomography angiography. A: Esophagogastroduodenoscopy shows a straight fishbone penetrating the wall of the esophagus, with overflowing purulent secretion, 25 cm from the incisors. The other three pictures reveal preoperative chest computed tomography angiography of the fishbone (length 2.0 cm) penetrating the wall of the esophagus and into the thoracic aorta; B: Sagittal view; C: Axial view; D: Three-dimensional reconstruction.
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Figure 2 Preoperative chest computed tomography angiography shows a fishbone puncturing through the esophageal wall, tightly appressed to the descending aortic wall, accompanied by mediastinal hematoma. A: Sagittal view; B: Axial view; C: Three-dimensional reconstruction.

[image: ] Figure 3 Chest computed tomography angiography images after removal of the fishbone in case 1. Extravasation of contrast agent presented a small nodular shadow in the thoracic aorta, and the wall of the middle esophagus was swollen and thickened. A: Sagittal view; B: Axial view; C: Three-dimensional reconstruction.
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Figure 4 Chest computed tomography angiography images after endovascular stent-graft treatment in case 1. The stent-graft was seen in the thoracic aorta without obstruction or contrast agent extravasation, and the swollen and thickened wall of the middle esophagus was significantly improved. A: Sagittal view; B: Three-dimensional reconstruction.

[image: ] Figure 5 Esophageal view during Esophagogastroduodenoscopy. A: Both ends of the fishbone inserted into the esophageal wall, 28 cm from the incisors; B: The endoscopically removed fishbone; C: Active blood spurting was noted in the esophageal defect after removal of the fishbone; D: Two longitudinal ulcers were present.
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Figure 6 Postoperative computed tomography angiography of case 2 shows a well-positioned aortic stent graft and no contrast extravasation from the aorta.
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Figure 7 Esophageal imaging with meglumine diatrizoate demonstrates no leakage.

Table 1 Cases involving endovascular treatment of aortoesophageal fistula or other aortic injury secondary to foreign body
	No.
	Sex
	Age
	Foreign body
	Signs of infection
	Aortal injury
	Esophagoscopy
	Surgical Management
	The time interval between endovascular treatment and thoracic operations
	Prognosis

	Case 1
	Male
	22 yr
	Chicken bone
	WBC count of 19.96×109/L
	CTA demonstrated a mediastinal esophageal fistula with an aortic pseudoaneurysm at the descending aorta
	Esophageal stent-graft was implanted to isolate the esophageal perforation followed by the placement of a three-lumen gastrojejunal tube
	Two F16 silicone tubes were placed in the pleural cavity and the mediastinum to facilitate postoperative drainage after mediastinal debridement and irrigation using the thoracoscope. 
	Immediately
	Succeseeful salvage

	Case 2
	Male
	32 yr
	Fishbone
	No abnormalities
	CTA demonstrated an AEF
	 Emergency gastroscopy could not identify a bleeding focus due to massive amounts of clot and fresh blood
	The esophagus was primarily repaired and reinforced by a pedicled intercostal muscle flap to cover the exposed stent-graft through a right thoracotomy
	Immediately
	Succeseeful salvage

	Case 3
	Male
	59 yr
	Fishbone
	Evidence of sepsis with a high fever and hypotension
	CTA demonstrated an AEF
	There was some active bleeding after the fishbone was removed by gastroscopy
	The stent became infected and definitive open surgical repair involved removing the stent, replacing the aorta with a homograft and coverage with a left trapezius flap while under deep hypothermic arrest, and reconstitution of the gastrointestinal tract
	53 d
	Succeseeful salvage

	Case 4
	Male
	25 yr
	Fishbone
	WBC count of 15.7×109/L
	CTA demonstrated a large aortic pseudoaneurysm was seen on the descending aorta but not a punctured aorta
	Not done
	Two drainage tubes were placed in the left thoracic cavity and the mediastinum after the pseudoaneurysm was opened and mediastinal debridement and irrigation were performed by exploratory thoracotomy
	Immediately
	Succeseeful salvage

	Case 5
	Male
	79 yr
	Goat bone
	WBC count of 12.4×109/L with a high fever
	CTA demonstrated the presence of a focal irregularity of the aortic medial profile at the level of the thoracic aorta, suspected for an adventitial tear
	The bone fragment was endoscopically removed and an endoscopic closure of the esophageal laceration by means of 2 long clips was performed.
	Not done
	Not done
	Succeseeful salvage

	Case 6
	Male
	40 yr
	Chicken bone
	WBC count of 10.9×109/L
	CTA demonstrated an AEF and a large saccular pseudoaneurysm at the aortic isthmus, accompanied by mediastinal hematoma and bilateral pleural effusion
	Esophagoscopy showed fresh and clotted blood coming from two irregular mural ulcers in the upper and middle thirds of the esophagus
	After careful debridement, the dead space between the aorta and esophagus was filled with a viable pedicle flap of the omentum by an exploratory left thoracotomy. Two chest tubes were placed for mediastinal irrigation and drainage
	Immediately
	Succeseeful salvage

	Case 7
	Female
	80 yr
	Not mentioned
	Elevated WBC count and MRSA-positive blood cultures
	CT demonstrated a thoracic aorta aneurysm and an AEF
	 A mass was compressing the distal third of the esophagus, and an ulcer was present. An esophageal stent was placed to cover the whole esophagus
	Not done
	Not done
	Died 3 months after the thoracic aorta stent was placed

	Case 8
	Male
	58 yr
	Duck bone
	Not mentioned
	CTA confirmed a descending intramural hematoma
	The duck bone was removed gently using an endoscope 
	Not done
	Not done
	Succeseeful salvage


WBC: White blood cell; AEF: Aortoesophageal fistula; CTA: Computed tomography angiography; CT: Computed tomography; MRSA: Methicillin-resistant staphylococcus aureus.
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