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Abstract: Objective: Aortoesophageal fistula (AEF) is a life-threatening complication of foreign body ingestion. The
primary objective of this study was to describe a new management protocol for infected AEFs, which combines
endovascular stent grafting and mediastinal drainage using video-assisted thoracoscopic surgery (VATS). Methods:
The authors analyzed the clinical data of 22 patients with ingested foreign bodies retrospectively, developed a clas-
sification system based on multidetector computed tomography (MDCT) findings for esophageal injuries induced by
foreign body ingestion, and used this system and the clinical presentation to guide treatment. Results: Depending
on the MDCT findings, the esophageal injuries were divided into four grades: Grade |, non-penetrating injury (six
patients); Grade Il, penetrating injury with minimal infection (five patients); Grade lll, potential AEF (five patients);
and Grade 1V, definite AEF (six patients). When a foreign body was visible on MDCT, a distance of <2 mm between
the foreign body and aortic wall indicated potential or definite AEF. When no foreign body was visible, a typical clini-
cal presentation, especially sentinel hemorrhage, and MDCT findings were used to establish the diagnosis. Only
three Grade IV patients who underwent open surgery died of severe hemorrhage within 24 h postoperatively. The
others patients had a good outcome with different treatment. Conclusions: The authors’ experience indicates that
MDCT was useful to classify esophageal injuries caused by foreign body ingestion which predicted the risk of AEF;
endovascular stent grafting and VATS-guided mediastinal drainage would be a safe and minimally invasive method
for treating patients with AEF and has the potential for improved treatment options for AEFs.

Keywords: Aortoesophageal fistula, esophageal foreign body, endovascular stenting, video-assisted thoracoscopic
surgery

Introduction

Aortoesophageal fistula (AEF) is a life-threaten-
ing condition, with a fatality rate of 40%-60%
[4]. In 1914, Chiari first described the AEF
symptom triad of retrosternal pain, sentinel
arterial hemorrhage and a symptomless period
followed by exsanguination [2]. The main cau-
ses of AEF are thoracic aneurysms (51%),
esophageal foreign bodies (19%), esophageal
ulcers and iatrogenic factors such as arterial
stent placement [3]. AEFs caused by esopha-
geal foreign bodies are typically not diagnosed
and treated at an early stage, due to the negli-
gence of the patient and medical staff, leading
to fatal consequences [4]. The first case of a
patient surviving an AEF was reported by
Ctercteko and Mok in 1980 [5]. Since then,

only a few cases of successful treatment of AEF
have been reported [4, 6-8]. There is no con-
sensus about the standard treatment for AEFs
resulting from a foreign body. Some authors
recommend aortic replacement and primary
esophageal repair [6]. Others recommend tho-
racic endovascular aortic repair and delayed
esophageal repair [9], which has become a
widely accepted treatment for AEF today. Still
other authors emphasize the importance of
early diagnosis and prevention of infections
such as mediastinitis for the successful treat-
ment of AEF [10].

In this retrospective study, we describe the
early clinical and imaging findings in patients
with esophageal foreign bodies; propose a sys-
tem to classify the resulting foreign body-relat-
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Table 1. Clinical information

rior edge of the second

Age/

lumbar vertebra was sca-

Grade Sex Foreign body Hematemesis Interval (mm)  (d) PT nned using the following
| 46/F Fish bone <50 ml 30d 625 6 - parameters: scan volt-
| 67/M bone - 10h 58 7 - ;g:_' piﬁ? Okg;841r5n?rf(s)l(i)
| 60/W Fish bone - 12 h 6.58 8 - ce thickness, 0.625 mm:
' 52/M Fish bone - 6d 521 3 - and layer interval, 0.625
' 17/M Key <50m 1d 836 7 - mm. If a diagnosis could
| 48/F Fish bone <50 ml 3d 7.63 4 - not be reached with th-
Il 73/F Teeth prosthesis - 2d 232 12 - ese parameters, scan-
I 65/M duck bone 50 ml 11d 4.2 9 - ning was repeated with
Il 56/M bone 150 ml 5d 211 7 - thinner slices. lopromide,
I 14/F Eraser _ 9d 336 13 - a non-ionic contrast age-
I 62/M  Chicken bone 200 ml 2d 387 9 - \r/];'nip\)ltjansctl:rrueeg;etae ‘;‘t”eg
11 71/M Fish bone - 2d 0 18 - cubital vein with high-
1] 52/M Fish bone 500 ml 9h 1.36 16 - pressure syringe. Each
Il 67/M  Fish bone 400 m| 8d 159 15 - patient received 70-90
1 70/F Fish bone 300 ml 3d 0 18 - ml of 300 mg/ml iopro-
1] 56/M Fish bone 200 ml 4d 0 28 - mide at a rate of 3.5-4.5
\Y 31/M  Chicken bone 1000 ml 8d - 24 FP ml/s. The delayed arterial
\Y 66/M Teeth prosthesis 700 ml 5d ~ 23 PA phase occurred after 30-
v 74/M Fish bone 200 m 7h - pied FP 40 s, and the delayed
WY 70/M  Chicken bone 600 ml 4d ~  Died Ma  Venous phase, after 50-
\Y; 75/M Fish bone 450 ml 8h ~ 30 PA 60 s. These specificati-

ons were selected on the
I\ 78/F Fish bone 500 ml 13d - Died MA

basis of previous reports

Note: M, male; F, female; Interval, interval between ingestion of foreign body and hospital-
ization; d, days; h, hours; Space, distance between the foreign body and aortic wall; HD,
duration of hospitalization; PT, pathological type; FP, fibrous encapsulation; PA, pseudoa-
neurysm; MA, mediastinal abscess; --, minimal hemorrhage or local infection.

ed damage by using the initial multidetector
computed tomography (MDCT) findings in order
to predict risk of AEF. Last, we report the out-
comes of AEF management with video-assisted
thoracic surgery (VATS)-guided mediastinal
drainage combined with endovascular stent
grafting.

Patients and methods

Between May 2004 and May 2013, 22 patients
with ingested foreign bodies in the thoracic
esophagus were admitted to the Thoracic
Surgery Department. We retrospectively col-
lected their clinical data, including demograph-
ics, clinical presentation, interval between
ingestion of foreign body and treatment, type of
treatment and outcome (Table 1).

All patients underwent 64-slice MDCT (General
Electric Company, USA) soon after hospitaliza-
tion. The region from the oropharynx to the infe-
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[11]. Image post-process-
ing was performed with
an AW4.4 workstation an-
d digital angiography equ-
ipment (INNOVA 2000,
General Electric Company, USA) and included
volume reconstruction, maximum intensity pro-
jection and multiplanar reformation.

To enable the prevention and early treatment of
potential AEFs, damage caused by ingested for-
eign bodies in the esophagus was divided into
the following four Grades based on the MDCT
findings.

Grade |: Non-penetrating esophageal injury,
damage to the esophageal mucosa and submu-
cosal muscles with minimal hemorrhage or
local infection.

Grade Il: Esophageal perforation with mild
mediastinitis, penetrating esophageal injury
with limited esophageal and mediastinal inflam-
mation, > 2 mm distance between the foreign
body and aortic wall.

Grade lll: Esophageal perforation with severe
intrathoracic infections, such as mediastinitis,
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Figure 1. MDCT showing space between the foreign body and aortic wall. A and B: in patients with Grade |, non-
penetrating esophageal injury. C, D: Grade Il injuries, penetrating esophageal injury, > 2 mm distance between the
foreign body and aortic wall.

chest empyema, abscess involving the nearby
organs and sepsis, < 2 mm distance between
the foreign body and aortic wall.

Grade IV: AEF caused by esophageal perfora-
tion and infection, with fibrous encapsulation,
pseudoaneurysm or mediastinal abscess.

All patients received treatments based on the
grade of esophageal injury, as determined
using the above MDCT-based classification.
Management strategies included esophago-
scopic removal of the foreign body, esophageal
repair, thoracotomy and mediastinal drainage,
VATS-guided mediastinal drainage, endovascu-
lar stenting, aortic fistula repair and aortic
reconstruction. The institutional review board
of our hospital approved this study, and grant-
ed an exemption from informed consent on
May 10%, 2013.

609

Results

Patients with severe symptoms such as
hematemesis, dysphagia and retrosternal pain
were treated in the Department of Thoracic
Surgery. Asymptomatic patients were managed
in the Ear Nose and Throat Department or
Gastroenterology Department. Of the 22
patients with ingested foreign bodies in the tho-
racic esophagus in our study, six (27.3%) devel-
oped AEFs. Only three of these patients sur-
vived. The clinical information of the 22 patients
is summarized in Table 1.

Grade |

Six of our patients had Grade | injuries. MDCT
revealed details of the foreign body such as
size, location and distance from the aorta, and
showed that all six patients had non-penetrat-
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Figure 2. Foreign bodies stuck to the aortic wall (A, B) and severe mediastinitis (C, D; white arrows) in patients with

Grade Il injuries.

ing esophageal injury. The average distance
between the foreign body and aorta was 6.64
mm (Figure 1A, 1B). The hematemesis volume
was < 50 ml or could not be precisely deter-
mined. Endoscopy was used to both retrieve
the foreign body and control hematemesis.
Enteral nutrition via a nasal tube was adminis-
tered for 3-7 days after the procedure.
Esophageal drainage and fasting were adminis-
tered postoperatively. Antibiotic treatment was
prescribed for 1 day after endoscopic manage-
ment. All six patients recovered smoothly and
were discharged within 1 week after admission,
when repeat MDCT and blood tests showed no
abnormality. These patients were doing well in
3-months follow-up.

Grade Il
Five patients had esophageal perforation with-

out obvious inflammation and a visible hema-
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toma on MDCT, indicating a Grade Il injury. The
average distance between the foreign body and
aorta was 3.17 mm (Figure 1C, 1D). The
hematemesis volume was < 200 ml or could
not be determined precisely. These patients did
not have any signs of infection, such as fever
and abnormal blood cytology, and were there-
fore confirmed to have Grade |l damage.
Endoscopic foreign body removal was attempt-
ed under general anesthesia. Control of the
bleeding and endoscopic esophageal repair
were undertaken at the same time. Antibiotic
treatment, enteral nutrition via a nasal tube,
esophageal drainage and fasting were adminis-
tered for 7 days postoperatively. When repeat
MDCT and blood tests showed no abnormality,
these patients were discharged from the hospi-
tal. The average duration of hospitalization was
10 days (range, 7-13 days). All patients were
doing well at the 3-month follow-up exami-
nation.
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Figure 3. MDCT subtypes of AEFs Grade IV injuries. A, B: Pseudoaneurysm and AEF, with a diverticulum (white ar-
row) on the medial wall of the aortic arch, surrounded with inflammatory tissue. C: Fibrous encapsulation and AEF,
with a swollen soft-tissue mass (white arrow) between the esophagus and descending aortic wall, whose boundary
on the right side is unclear. D: Mediastinal abscess and AEF in the plane of the inferior pulmonary vein. A contrast-
enhanced scan shows the fistula on the descending aortic (DA) wall, and the contrast agent flows into the false
aneurysm (FA). Inflammatory and necrotic tissue is seen around the esophagus and the descending aorta, with gas

formation and left pleural effusion.

Grade lll

Five patients had Grade Ill lesions. Most of
these patients had a persistent fever, retroster-
nal pain, hematemesis, dysphagia, low blood
pressure or sepsis. The foreign body was stuck
tothe aortic wall (Figure 2A, 2B) in two patients,
which indicated a possible AEF and necessi-
tated emergency treatment. In three patients,
the foreign bodies were < 2 mm away from the
aorta. In all five patients, the MDCT findings
were suggestive of esophageal perforation and
severe intrathoracic infections such as medias-
tinitis, chest empyema and abscess (Figure 2C,
2D). The average hematemesis volume was
280 ml, but this information was not acquirable
in all patients. The management of these
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patients was much more complicated than that
of patients with Grade | or Il injuries. Two
patients underwent left thoracotomy, esopha-
geal repair, mediastinal drainage and esopha-
geal reconstruction with an omental flap.
Another two patients underwent thoracoscopic
removal of the foreign body, mediastinal and
esophageal drainage. The fifth patient under-
went esophageal diversion surgery, mediasti-
nal and esophageal drainage and jejunostomy
Antibiotic treatment, enteral nutrition via a
nasal tube; esophageal drainage and fasting
were prescribed for all five patients until blood
tests and MDCT examination showed no abnor-
malities. The average duration of hospitaliza-
tion was 19 (15~28) days. The 3-month follow-
up examination showed that the treatments
had been successful in all five patients.
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Figure 4. A: CT angiography images. AEF with inflammatory exudate surrounding the descending aorta (diameter
5.4 mm). B: An aortic pseudoaneurysm at the anterior wall of the descending aorta at the lower edge of thoracic
vertebrae 10 (arrow). C, D: Aortic endovascular stent graft implantation to close the AEF (arrow).

Grade IV

Six patients were diagnosed with Grade IV inju-
ries, namely, AEFs, on the basis of their MDCT
findings and clinical characteristics. All of them
presented with the Chiari triad, and aortic wall
perforation, pseudoaneurysm and mediastinal
abscess were found on MDCT (Figure 3).
Evidence of hemorrhage could be seen around
the perforations in both the esophagus and
aorta on MDCT. The hematemesis volume var-
ied among these patients, and ranged from
200 ml to > 1000 ml (average, 575 ml). These
patients must be managed carefully because
AEF can be fatal. All six patients were trans-
ferred to the operation room within 2 h after
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hospitalization. Three of them underwent left
thoracotomy, esophageal repair and recon-
struction with an omental flap, along with aortic
repair (two patients) or replacement (one
patient). The other three patients underwent
initial endovascular stenting (Figure 4). Then,
they underwent second-stage left VATS explo-
ration for foreign body removal, esophageal
repair, and mediastinal and thoracic drainage
immediately. Antibiotic treatment, enteral nutri-
tion via a nasal tube, esophageal drainage and
fasting were administered postoperatively until
blood tests showed no abnormalities. The three
patients who did not undergo endovascular
stenting died of hemorrhage within 24 h after
the operation. The duration of hospitalization in
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the three surviving patients was 23-30 days,
and all three were doing well at the 3-month
follow-up examination. We noted that the lon-
ger the interval between foreign body ingestion
and hospitalization, the worse the prognosis.

Discussion

Because of a lack of awareness among doctors
that ingested foreign bodies in the thoracic
esophagus can cause AEFs, most patients with
this condition are not successfully rescued. The
main reasons for the poor prognosis of infected
AEFs caused by the ingestion of a foreign body
are as follows: First, the history of foreign body
ingestion may not always be available, as the
interval between ingestion and the appearance
of clinical symptoms can vary from several days
to > 1 week; in addition, some patients may
completely forget about the ingested foreign
body. Second, the clinical symptoms may not
be proportional to the aortic damage. Some
patients with severe mediastinal infection have
no obvious systemic manifestations, and the
typical AEF triad of retrosternal pain, dysphagia
and sentinel hemorrhage is not present in every
patient. In fact, fatal hematemesis is occasion-
ally the only clinical manifestation. Third, there
is a lack of effective auxiliary examinations and
a staging system for AEF. Accurate examination
is essential to guide treatment. The most com-
mon methods used to diagnose foreign body-
related damage to the thoracic esophagus are
X-ray and CT examinations, which are useful to
determine the position of the foreign body, but
cannot accurately demonstrate the severity
and extent of mediastinal infection and aortic
damage. Gastrointestinal endoscopy can be
used to accurately localize and remove foreign
bodies and perform esophageal repair, but car-
ries the risk of further aortic damage and even
fatal bleeding in the absence of accurate stag-
ing assessment. Fourth, the conventional surgi-
cal treatment of AEF, aortic repair and aortic
replacement are often associated with uncon-
trollable bleeding and high mortality rates in
patients with infected AEFs. Fifth, it is difficult
to provide adequate drainage of the surgical
site, and mediastinal infection is very difficult to
control without effective drainage. Due to this,
the fistula can recur and result in fatal bleeding
[12].

To overcome the above problems, we devel-
oped a new management protocol for AEF,
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which included (1) pre- and post-treatment
MSCT to accurately classify the esophageal
injury and detect potential AEFs, (2) endovascu-
lar stenting instead of conventional thoracoto-
my and aortic repair, (3) because infection is
invariably present after foreign body erosion of
the esophageal, we suggest endovascular tho-
racic aorta stenting should be used as a stop-
gap before definitive surgery to ultimately
reduce the risk of aortic rupture, followed by
treatment of mediastinal infections and esoph-
ageal defect in patients with AEFs. VATS explo-
ration sufficient to remove the foreign body,
repair the perforated esophagus and provide
complete mediastinal and pleural drainage,
thereby decreasing operative injury and compli-
cations and (4) rational use of effective antibi-
otics and adequate nutrition support therapy.

Because of the rarity of AEFs, standardized
diagnosis and treatment protocols have not
been established. Although several classifica-
tion methods have been proposed for the early
diagnosis of AEF [13, 14], these methods are
not practicable or widely accepted. In this
study, we evaluated patients using MDCT and
established an MDCT-based system to classify
injuries resulting from ingested foreign bodies
in the esophagus, in order to facilitate the early
detection and treatment of AEFs. As demon-
strated in this study, our classification system
could detect AEFs and was used to treat five
patients with Grade Il injuries, i.e., potential
AEFs, and six patients with Grade IV injuries,
i.e., definite AEFs.

The diagnosis of esophageal foreign body
greatly depends on the clinical manifestations
and endoscopic or radiographic findings [6, 10,
15, 16]. However, the pathological type cannot
be determined using chest roentgenography
[17], owing to its low resolution and inability to
distinguish between adjacent structures. When
the foreign body is at the aortic arch Grade,
endoscopic examination may lead to iatrogenic
injury, as the foreign body may shift and pene-
trate the adjacent aortic wall [6]. Endoscopy
can reveal damage inside the esophagus, but
cannot detect foreign bodies that have pierced
through the esophagus and into the surround-
ing tissue. Magnetic resonance imaging cannot
detect bones and is less effective than CT [17].
MDCT has a short scanning time, reduced con-
trast agent usage and importantly, a high reso-
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lution when combined with 3D reconstruction.
Enhanced MDCT can detect whether the flow
within the lesions is blood, and diagnose aortic
and esophageal injuries [17-19]. Moreover,
when plain MDCT images are suggestive of
esophageal foreign body and AEF, enhanced
MDCT scanning with 3D reconstruction or
MDCT angiography can be undertaken [11, 18].

Foreign bodies in the thoracic esophagus tend
to be lodged at the Grade of the left primary
bronchus, where the aortic arch presses
against the esophagus and creates a relatively
narrow lumen. Esophageal foreign bodies can
cause severe complications such as esopha-
geal perforation, mediastinal abscess, tracheo-
esophageal fistula and AEF [20, 21]. The mech-
anism of AEF formation after foreign body
ingestion involves the gradual corrosion and
subsequent piercing of the aortic wall by the
foreign body. This is followed by pseudoaneu-
rysm formation, extensive necrosis and sec-
ondary infection [14].

To select the most appropriate treatment, we
used the following protocol. We divided the
MDCT findings into two groups, namely, injuries
with a visible foreign body and those without a
foreign body; these were further subdivided
into injuries with or without aortic damage.

When a foreign body was visible on MDCT, the
duration of symptoms was usually short, and
the pathological changes were relatively limit-
ed. In the case of injuries with no aortic dam-
age and a visible foreign body, if the distance
between the foreign body and aortic wall was >
5 mm, direct endoscopic removal of the foreign
body was performed. If the distance between
the foreign body and aortic wall was < 5 mm,
endoscopic removal was performed under gen-
eral anesthesia, with immediate conversion to
thoracotomy or VATS, if required.

In the case of injuries with aortic damage and a
visible foreign body, which was adjacent or
stuck to the aorta, AEF was definitively diag-
nosed if the patient had a history of a single
episode of hematemesis of volume > 500 ml or
presented with the Chiari triad. If the hemateme-
sis volume was > 300 ml but less than 500 ml,
this episode was regarded as sentinel hemor-
rhage. These patients require emergency endo-
vascular aortic stent grafting. Extracorporeal
circulation should be prepared, and second-
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stage VATS-guided mediastinal drainage should
be performed if mediastinal infection is
present.

When a foreign body is not found on MDCT, the
patient might generally have endured a long
medical course, and the pathological changes
are much more complex. If there is no aortic
damage, simple drainage or conservative treat-
ment should be given. However, these patients
can develop hematemesis because of local
inflammation. Enhanced MDCT might reveal
local inflammatory reaction without aortic fis-
tula. Close attention should be paid during the
course of treatment for perforation resulting
from necrosis.

If aortic injury is present, the situation becomes
rather complicated. Enhanced MDCT should be
used to determine the pathological type of this
injury, and the following treatments can be
undertaken.

AEF with pseudoaneurysm (Figure 3A, 3B):
Enhanced MDCT with 3D reconstruction can
detect this type of injury. The optimal treatment
is initial endovascular stent graft placement to
control bleeding, followed by thoracic explora-
tion, aortic repair, partial esophageal resection
and esophageal reconstruction with stomach
and omental flaps, along with other symptom-
atic treatments [22].

AEF with fibrous encapsulation (Figure 3C):
MDCT alone is sufficient to diagnose AEF in this
scenario, if a history of sentinel hemorrhage is
present. Treatment options include endovascu-
lar stent graft placement, left thoracotomy with
aortic fistula repair, esophageal repair, medias-
tinal drainage and esophageal reconstruction
with an omental flap.

AEF with mediastinal abscess (Figure 3D):
Enhanced MDCT can detect this condition,
which carries a high risk of mortality. Two of our
patients with this type of injury died. Both of
them had undergone aortic repair/replacement
and esophageal resection and reconstruction,
accompanied with mediastinal drainage and
omental flap reconstruction.

In conclusion, our MDCT-based classification
system combined with endovascular stent graft
placement and VATS drainage for infected AEFs
caused by the ingestion of a foreign body
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enabled the early management of AEFs and
yielded relatively good outcomes.
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