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Mechanism and Management of
Aorto-Esophageal Fistulation after Thoracic
Endovascular Aortic Repair
Hazem El Beyrouti,1,2 Hendrik Treede,2 and Nancy Halloum,2 Oldenburg and Mainz,

Germany
An aorto-esophageal fistula (AOF) is a pathological communication between the thoracic aorta
and the esophagus. It can induce life-threatening hematemesis, which is unique among the
other types of gastrointestinal hemorrhage in that the vomiting is bright red and represents an
arterial bleed. Nevertheless, it is notable that over 70% of cases are associated with thoracic
aortic aneurysms, particularly as a postoperative complication following open surgery, and argu-
ably more so following endovascular repair. As thoracic endovascular aortic repair becomes a
more common practice, it is important to remain vigilant for an increase in the incidence of
AOF. A thorough consideration of potential AOF etiologies is essential, as these must be sub-
stantiated by clinical, laboratory, and imaging tests. The available management options and
the likelihood of success depend largely on the diagnosis made. The stability of the fistula
wall is fundamental to determine treatment options and is particularly important in case of a
potentially fatal AOF. The stability of the organ wall determines the complication risk, and there-
fore which treatment the patient is most likely to tolerate. A new AOF classification system will
allow for better diagnosis and clearer assessment of treatment options.
INTRODUCTION

Since the successful initial implantation using

thoracic endovascular aortic repair (TEVAR) by

Dake in Stanford in 1992, it has been proven to be

a safe and effective treatment for many aortic dis-

eases according to the guidelines, especially thanks

to continuing innovation and technological devel-

opment.1,2 As TEVAR has shown lower periopera-

tive morbidity and mortality, it has become first-

line therapy for many acute and chronic aortic dis-

eases and is also used in some off-label conditions.

However, long-term TEVAR durability still needs
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to be established and the increasing number of situ-

ations inwhich TEVAR is used logically increases the

number and type of associated complications. The

incidence of these reported complications also seems

to be underestimated due to a paucity of long-term

follow-up data, but secondary intervention rates

are reported to range between 16 and 32% (or reo-

perationdin the sense of open conversiondwith a

range between 0.4 and 7.9%).3 Many complications

(like endoleak and migration) are well-known, but

aorto-esophageal fistula (AOF) is perhaps less so

and yet is both frequent and involves highmorbidity

and mortality, even when detected and treated.
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CHARACTERIZATION OF AORTIC
FISTULA

An aortic fistula is of a pathological communication

between the aortic lumen and an adjacent organ (or

organs) and results in immediate catastrophic

bleeding. The aorta can fistulize into the pulmonary

artery with a frequency on autopsy reported at 4%

of thoracic aneurysms and into the atrium of the

heart (with an incidence of 1.6% of infective endo-

carditis). Aorto-caval fistulization has been reported

with an incidence of 2e6% in ruptured aortic

abdominal aneurysm, and aorto-enteric fistuliza-

tion with an incidence of 0.5e2.3%.4 However,

the most common fistulizations after TEVAR are

aorto-bronchial, aorto-pulmonary and aorto-

esophageal (or a combination of these).3

An AOF is an abnormal connection between the

thoracic aorta and the esophagus and can cause se-

vere hemorrhage, which is different from other

gastrointestinal bleeding because it is bright in color,

indicating arterial bleeding.5 The AOF most

commonly occurs in the middle third of the esoph-

agus, closer to the area of the change in aortic curva-

ture.4 It is a serious complication with the literature

suggesting that 60% of patients with AOF may die

within 6 months of symptom onset.6 Over 70% of

cases are associated with thoracic aortic aneurysms

(TAAs), particularly as a postoperative complication

following open surgery, and arguably more so

following endovascular repair.
Classification of AOF
AOF is classified as primary or secondary. While the

main factors of AOF include aneurysm (54.2%),

foreign body (19.2%) and esophageal cancer (17%),

other etiological factors could also be radiotherapy,

infection, esophageal reflux, tuberculosis, congenital

abnormalities, and traumatic injuries.6e11 The etio-

logical factorsofsecondaryAOFincludethefollowing:

complications after esophageal surgery (open with

anastomotic complications and after stenting), open

with anastomotic pseudoaneurysm and TEVAR.
Symptoms of AOF
In 1914, Chiari described the classic clinical presen-

tation of AOF, which was midthoracic chest pain or

dysphagia followed by relatively symptomless ‘‘le-

thal periods’’, sentinel arterial hemorrhage, and ul-

timately fatal exsanguination. Although this

sequence was described after the intake of foreign

bodies, the clinical presentation is relatively un-

changed regardless of origin.12,13 Hematemesis,
chest pain, or dysphagia were observed in 63, 58,

and 42% of subjects, respectively.6

In addition to the above symptoms, hypovolemic

shock or systemic infection was observed in 60.9%

and 21.7% of 72 patients with AOF post-TEVAR,

respectively.14 New-onset fever, dizziness, and syn-

cope are also possible symptoms.

Bleeding may be from the vasa vasorum of the

aorta or from the erosive arteries of the esophagus

or directly from the aorta or perhaps a combination

of all three.6 The symptom-free interval between

sentinel bleeding and large-scale exsanguination is

unpredictable.9 One report indicated that up to

80% of AOF cases resulted in severe bleeding within

1 week of the onset of sentinel bleeding.15 However,

other reports of major bleeding from AOFs post-

TEVAR suggest a period between one and 16months

and one report even described an AOF case 6 years

after TEVAR.9,16
Mechanism of Secondary AOF Post-

TEVAR
The development of a secondary AOF after TEVAR

may be due to one or a combination of the following

etiological factors:

1. Direct erosion of the esophagus due to

increased radial force of the rigid stents on the

esophagus, resulting in a local inflammatory

response and leading to formation of stable ad-

hesions and tissue necrosis.17

2. Mechanical compression from hematomas or

large aneurysms (or the force of stent expan-

sion) can cause increased pressure in the medi-

astinum, leading to further expansion of the

pressure necrosis due to occlusion of the side

branches of the aorta feeding the esophagus.18

3. Esophageal ischemia due to inflammation in

response to hematoma resorption (as suggested

by Czerny).19

4. Inadequate perfusion of an esophageal segment

as a result of stenting the arteries directly sup-

plying the esophagus, which may lead to the

formation of ischemic necrosis.20,21

5. TEVAR infection: graft infections involving the

esophagus have been reported in 0.5e5% of

cases and may be central to the development

of AOF post-TEVAR.22 The overall rates of

infection post-TEVAR were reported by Smeds

to be as high as 34% (urinary tract infection

in 8%, groin infection in 7% and other unspec-

ified infection in 19%).23

6. Endoleak: continuing perfusion of the aneu-

rysm can lead to increased pressure on the
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aortic wall, which leads to increased pressure

on the esophagus, especially when there is no

outlet for this endoleak flow (as in type Ia

endoleaks).

7. Underlying aortic disease such as a penetrating

atherosclerotic ulcer (PAU) or vasculitis.5

8. Emergent TEVAR: Chiesa et al. suggest that

aortic injury often includes blood extravasation

and periaortic hematoma, which increases the

local inflammation response and compression

of surrounding organs.17

9. Excessive stent-graft oversizing (>20%) can

lead to long-term arterial wall deterioration

and aortic aneurysm enlargement.

10. Proximal bare metal stents may increase the

risk of penetrating aortic wall and adjacent or-

gan injury.24

11. Reaction to the foreign body of the graft.4
Incidence of Secondary AOF
Fig. 1. Postop 3D rendering of a patient who underwent

an extra-anatomical ascending to descending aortic

bypass with a Dacron graft. ‘‘View: LAO: 64; Cranial

7.’’ Postop, postoperative; 3D, three-dimensional.
Whereas the incidence of aorto-bronchial and

aorto-pulmonary fistula is 0.5e0.6%, AOF inci-

dence after TEVAR is more common and between

1.5 and 2.1%.3,19,24,25 However, this incidence is

likely to be underestimated due to patients being

lost to follow-up. In addition, it is important to

consider that overall TEVAR numbers are

increasing, as endovascular procedures replace

open surgical operations. Indications for index

TEVAR are predominantly TAA (33e77%), type B

aortic dissection (10e50% in the acute phase; 11e
20% in the chronic phase), and PAU (10%).22,24

A systematic review revealed that the mean age

of patients affected with AF is 70 years, with a

male-to-female ratio of 3:1.26 However, in another

paper the male/female ratio was 50%.22

A fistula is present in 91% of patients diagnosed

with fever.26 The mean interval from index TEVAR

to diagnosis of fever is 195 days (approximately

10 months), varying between 3 and

18.1 months.19,22,24
Microorganism
Blood tests and cultures are the primary diagnostic

steps and fundamental for accurate diagnosis. Posi-

tive blood cultures vary between 63 and 80% of pa-

tients with AF with pathogens including

Staphylococcus aureus, Streptococcus anginosus, Lactoba-

cillus species, Citrobacter freundii, and Escherichia

coli.23,24 Intraoperative findings revealed the pres-

ence of Gram-positive organisms in 22% of cases,

Gram-negative organisms in 13%, fungi in 5%,
and polymicrobial infections in 35% of cases: no

growth was observed in 30% of cases.23

Microorganisms were identified in 43.2% of

TEVAR patients with AOF and in 31.2% of patients

with associated inflammation: the isolated patho-

gens were highly virulent, including methicillin-

resistant Staphylococcus aureus, Streptococcus spp.,

Gram-negative species such as Pseudomonas and

Klebsiella and Coxiella burnetti in some cases.14,27
Experience
Since 2014, 5 cases of AOF post-TEVAR have been

observed at this center (2 sites): the initial disease

was PAU in 2 patients (50%) and thoracoabdominal

aneurysm in the other 2 (50%). One patient under-

went an extra-anatomic ascending to descending

aortic bypass with a Dacron graft (Fig. 1), while

the second patient underwent in situ reconstruction



Fig. 2. (A) Endoscopy showing the aorto-esophageal fis-

tula (AOF). (B) A vacuum sponge is placed in the esoph-

agus in front of the fistula.
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with a pericardial tube, accompanied by subtotal

esophagostomy and gastrostomy. One patient

rejected open surgery and was treated conserva-

tively, including endoscopic vacuum therapy

(Fig. 2), application of fibrin glue, and antibiotics.

In the context of multimorbid diseases, the other 2

patients were treated with antibiotics in a palliative

approach. All patients died within 1 year (80% 1-

year mortality), and one patient who underwent

conservative endoscopic closure with fibrin glue

died after 31 months.
Diagnosis
Computed tomography (CT) allows for rapid acqui-

sition of images with high spatial resolution and

should be the basis for diagnosis, allowing identifi-

cation, for example, of air bubbles, periaortic fluid

accumulation, esophageal wall thickening or exsan-

guination of intravenous contrast into the gastroin-

testinal tract, accompanied by a nipple-like

outpouching from the aorta into the esophagus (or

vice versa).4
Volume-rendered three-dimensional images can

be used to plan surgical and endovascular repair.

Conventional angiography can offer a superior rep-

resentation of arterial anatomy. Magnetic reso-

nance angiography is useful especially in patients

with a renal insufficiency.28

In cases where CT angiographic findings are incon-

clusive in differentiating between postoperative

changes and infection, scintigraphy with technetium

99m hexamethylpropyleneamine oxime-labelled

white blood cells (WBCs) or indium 111 (111In)

oxime-labelled WBCs is recommended and, in select

cases, fluorine-18-fluorodeoxyglucose (FDG).4,29

FDG positron emission tomography (PET) or CT is

a higher resolution imaging model that has gained

considerable recognition in recent years: in the

event of acute fever and any other type of infection,

the sensitivity and specificity are 95e80%.30 It is the

optimal imaging modality for patients who under-

went surgery at least 3 months prior to antibiotic

administration because postoperative inflammatory

changes can result in false positives, while antibiotic

use causes false negatives.4,31

Endoscopy is the most sensitive and specific diag-

nostic tool for AOF, although it is associated with a

high incidence of complications, particularly in

cases of clot dislocation, which can result in fatal

bleeding. Conversely, endoscopy can also be

employed as a means of targeted therapy.5
Therapeutical State-of-the-Art
Open surgical repair of AOF post-TEVAR involves

three fundamental steps: stopping massive exsan-

guination, radical debridement, and esophageal

reconstruction. This procedure may be performed

as an in situ or extra-anatomic reconstruction. The

aorta can be reconstructed with a wide variety of

grafts, including cryopreserved homografts, biolog-

ical (such as pericardial patches) or biosynthetic ma-

terials, silver prosthesis, and antibiotic-impregnated

grafts: the choice should be determined after an

assessment of the associated risks (rupture, reinfec-

tion, long-term durability, aneurysmal formation,

availability, diameter mismatches).32

The aortic reconstruction may be covered with

omental flaps to enhance resistance against reinfec-

tion (given the high vascularization observed by the

omentum). A left-side posterolateral thoracotomy is

typically performed in cases where the proximal

landing zone of TEVAR is in the aortic arch. In

such instances, a median sternotomy combined

with an extended left anterolateral incision is neces-

sary. It is advisable to use a heart-lung machine to

ensure adequate perfusion of the supra-aortic and
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visceral arteries via an antegrade and retrograde

perfusion with a left heart bypass or complete car-

diopulmonary bypass with deep or better moderate

hypothermia. (Some surgeons prefer the clamshell

incision.)

Proximity of the graft to the infected area is asso-

ciated with an elevated risk of infection, which is

why many surgeons opt to perform an extra-

anatomic bypass: ascending to descending aortic

bypass was initially described by Yonago et al. in

1969 and has since been shown to be a valuable

technique in certain cases.33

Surgical reconstruction may be classified into 2

categories: partial, which encompasses techniques

such as direct closure of aortic defects via suture or

patch reconstruction, and complete reconstruction,

which involves total TEVAR removal and replace-

ment of the infected aorta. The infected area and

all surrounding tissue should be subjected to aggres-

sive debridement to reduce the risk of reinfection.

Finally, esophageal reconstruction is divided into

partial and total procedures. In partial procedures, the

esophagus is repairedwith adirect stitchor patch. In to-

tal procedures, the esophagus is removed and a gastro-

stomy or jejunostomy is performed. Some surgeons

suggest a cervical esophagostomy with gastrostomy.

Endovascular repair may be preferred for patients

with multiple comorbidities and at a high risk for

open surgical repair, especially those who are unsta-

ble; a re-TEVAR is a procedure that is performed by a

significant number of surgeons worldwide. It should

be noted that in this case, the infected endograft,

aorta and esophagus will remain in situ and so life-

long course of antibiotics is recommended.

In some cases, a bridging re-TEVARmay be a good

way to achieve stabilization prior to the next radical

procedure. Some proponents of this approach recom-

mend that the interval between procedures should

not exceed 7 days. In certain instances, an esophageal

stent may be placed as a standalone intervention or

in conjunction with TEVAR.

Conservative management may also be an option

and can entail endoscopic therapy using vacuum

therapy and the application of fibrin glue 5 or endo-

scopic clips.34 The administration of antibiotics rep-

resents a cornerstone of modern medicine and a

broad-spectrum antibiotic should be administered,

based on the results of the blood culture, with or

without drainage.
DISCUSSION

In 1818, French surgeon Dubrueil reported a case of

AOF in a soldier aged 28 years who had swallowed
part of a bone, suffered chest pain and diarrhea

several hours after intake and an exacerbating hem-

orrhage 5 days later: the autopsy revealed a fistula

between the esophagus and the thoracic aorta.35

Funk was the first to report a TAA rupture in

1918 and, since then, between 9.4% and 20% of

TAA ruptures are in the context of AOF.36 Although

there was a significant incidence of AOF associated

with TAA, the diagnosis was made for the first

time before death in 1948 where conservative ther-

apy was attempted.37 In 1975 and 1981, surgical re-

pairs were attempted, but both patients died.38,39

The first successful repair was reported in 1983 at

theMethodist Hospital (Houston, Texas, US) in 2 pa-

tients.40 There are now some large series and sys-

tematic reviews (and several case reports) that

describe AOF post-TEVAR.17,19,24,26,41,42

Despite some controversy, conservative treat-

ment of AOF post-TEVAR is associated with high

mortality: Smeds et al., for example, treated conser-

vatively in 5/12 patients and survival rate was only

20% after 1 year.43,44 In large series, the conserva-

tive approach had closer to 100% mortality after

1 year.17,23e25,45

Likewise, re-TEVAR is associated with poor sur-

vival. Okita et al. performed 2/11 patients and

Chiesa et al. 2/19 patients with a short-termmortal-

ity of 100%.17,46 Czerny et al. performed esophagec-

tomy in 7/36, Luehr 1/8, Chiesa 4/19 (one patient

had concomitant bronchial repair for concomitant

ABF) with a survival of 43%, 0% and 25% respec-

tively at 12 months.17,19,24

Esophageal stenting was performed in 6/36 pa-

tients by Czerny et al. with a survival rate of 17%

and 2/19 patients by Chiesa et al. with a survival

rate of 50% at 5 months.17,19 A combination of

aortic (in situ or extra-anatomic) and esophagec-

tomy was performed in 13/36 patients by Czerny

et al., Luehr et al. 6/8 patients, Okita 9/11 patients,

Kawamoto 10/10 patients, Chiesa 3/19 patients and

Kotelis et al. 4/4 patients with survival rates of 46%,

44%, 68.5%, 33% and 50% in 12 months follow-

up.17,19,24,42,46,47 In our series, mortality was

100% in both the conservative and surgical groups

(esophagectomy with in situ or extra-anatomic

aortic bypass).

However, it is also very important to mention

that secondary AOF has a higher mortality rate

than primary (78% vs. 61%).17

Lack of standardization in the description of the

invasiveness of the AOF and the corresponding

treatment strategies across the majority of small

and large series, including case reports, complicates

interpretation of the published results and impedes

a full understanding of the pathology, evaluation



Table I. A proposed classification of aorto-esophageal fistula with management strategies

Classification Key issue Fistula
Wall
stability

Organ
involvement Tissue involvement

Surrounding
tissue

Diagnostic
modality Findings Management

Type I Erosion

I (superficial)

No Stable A: aorta

B: esophagus

C: both

Light inflammation. The

walls appear smooth

and intact.

Limited: minor

inflammation or

edema

PET-CT (positive for

signs of

inflammation)

Increased metabolic

activity in the aortic or

esophageal walls

without structural

damage on CT.

� Conservative therapy

and close monitoring

Type II Erosion

II (deep)

No Stable A: aort

B: esophagus

C: both

Deep erosion involving

>2 layers of one or

both organs. No

connection

Mild edema or

inflammation, no

significant

structural damage

CTA ± PET-CT Wall thickening on CT,

with mild surrounding

tissue edema or PET-CT

positivity for localized

infection/

inflammation.

� Conservative therapy

� Minimally Invasive

Intervention: including

minimal esophageal

repair (esophageal

stenting) and/or endo-

vascular surgery

(TEVAR)

Type III Penetration

I (superficial)

Yes Stable A: aorta

B: esophagus

C: both

Complete fistula with

superficial penetration.

Intact esophageal

mucosa and aortic

intima.

Local inflammation.

There may be early

signs of infection,

including

mediastinitis. No

necrosis

CTA + Endoscopy Contrast extravasation

visible in CTA.

Endoscopy confirms

mucosal disruption or

fistula. Surrounding

tissue shows mild

changes.

� Urgent minimally inva-

sive intervention

� Interdisciplinary Surgery

Plan

Type IV Penetration

II (deep)

Yes Unstable A: aorta

B: esophagu

C: both

Complete fistula and deep

penetration that affects

all the layers of at least

organ. Collapse or

rupture of one and/or

both organs with

jagged or discoloured

areas indicating tissue

breakdown.

Variable: acute cases

minimal damage;

chronic cases may

have necrosis,

abscess,

mediastinitis

CTA + endoscopy Visible fistula with

structural collapse or

extensive necrosis.

Mediastinal abscess,

necrosis, or infection.

� Hemodynamic

stabilization

� Intensive care support

� Emergent minimally

invasive intervention

following Interdisci-

plinary Surgery Plan

Interdisciplinary Surgery Plan: A comprehensive interdisciplinary plan (conservative therapy with follow-up monitoring or surgical reconstruction) should be developed in collaboration

with specialists from gastroenterology, thoracic or general surgery (esophageal surgery specialists), and cardiac and vascular surgery (aortic specialists) in order to facilitate a surgical

approach that is effective and safe.

CTA, computed tomography angiography; PET, positron emission tomography; TEVAR, thoracic endovascular aortic repair.
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of treatment options, and conveying risks and ben-

efits adequately to patients.

The stability of the fistula wall is fundamental to

determine treatment options and is particularly

important in case of a potentially fatal AOF. The sta-

bility of the organ wall determines the complication

risk, and therefore which treatment the patient is

most likely to tolerate. A stable wall means thatd
even in the presence of fistulizationdthe tissues of

the diseased organs are normal with no (or minor)

necrosis or defects in circularity and supports a

more conservative approach.

An unstable wall points to significant deficiency

in the tissue structural integrity which characteristi-

cally arise from inflammatory processes, inflamma-

tory diseases, death of tissue or other degenerative

changes. Sudden wall ruptures with serious hemor-

rhage or sudden wall deterioration are more com-

mon and usually calls for urgent intervention such

as radical surgical intervention.

With complete wall penetration, a bridging

TEVAR as a step to a lifesaving operation to avoid

massive blood loss will allow for the patient to be

stabilized until a radical intervention can be planned

with the aortic team.

Of course, earlier EAF diagnosis can lead to more

favourable results and in effect prevent death and

greater awareness and knowledge of the condition

can contribute to reducing risk. Complications in

the perioperative period after TEVAR, especially all

postsurgical endoleak or respiratory failure, guide-

lines restricting these patients’ activities suggest

that careful monitoring may improve AOF.17

Discussing AOF management is challenging

because of the lack of standardization when

describing the degree of damage. The majority of re-

ports in the literature do not describe the correspon-

dence between surgical approaches and the varying

degrees of erosion or penetration.

For this reason, I propose a classification (Table I)

to address this significant issue which incorporates

patient conditions, the type and invasiveness or

penetration of the AOF, and management options.

What is clear is that surgical excision is the gold stan-

dard to address foreign body infection. However, an

interdisciplinary group will be able to weigh this op-

tion against patient condition and ability to tolerate

invasive surgery. What options are bestdTEVAR,

surgical replacement of the infected segment or

esophageal stentingdmaywell emergemore clearly

in future reports if this novel classification proves

useful. Optimal management will involve a combi-

nation of histopathological and imaging assessments

as well as a multidisciplinary team. PET-CT and CT,

for example, will allow an assessment of tissue
surrounding the AOF and indirectly identify

different stages of infection, erosion, and fistuliza-

tion. The proposed classification goes from Type I

to Type IV depending on key factors such as

erosion/penetration and wall instability. Types are

further broken down according to organ involve-

ment (A, aorta; B, esophagus; C, both). Finally,

management options are described according to

the classification staging.

Aorto-esophageal fistulization is a not uncom-

mon complication after TEVAR but with often cata-

strophic consequences. The stability of the fistula

wall is fundamental to determine treatment options

and is particularly important in case of a potentially

fatal aorto-esophageal fistulization. The stability of

the organ wall determines the complication risk,

and therefore which treatment the patient is most

likely to tolerate. A new classification system for

aorto-esophageal fistulization will allow for better

diagnosis and clearer assessment of treatment

options.
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