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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activiry, participants will be able to:

m Identify direct and indirect signs of var-
ious AoFs at CT and consider potential
mimics in the differential diagnosis.

B Describe the pathophysiologic mecha-
nisms, natural history, and current ap-
proach to management of AoFs.

m Discuss the limitations of imaging in
the diagnosis of early aortic fistulization
and perigraft infection and the current
algorithms for management.

B See www.rsna.orgleducation/search/RG.

Fistulas between the aorta and surrounding organs are extremely
rare but can be fatal if they are not identified and treated promptly.
Most of these fistulas are associated with a history of trauma or vas-
cular intervention. However, spontaneous aortic fistulas (AoFs) can
develop in patients with weakened vasculature, which can be due to
advanced atherosclerotic disease, collagen-vascular disease, vasculi-
tides, and/or hematogenous infections. The clinical features of AoFs
are often nonspecific, with patients presenting with bleeding mani-
festations, back or abdominal pain, fever, and shock. Confirmation
with invasive endoscopy is often impractical in the acute setting.
Imaging plays an important role in the management of AoFs, and
multiphasic multidetector CT angiography is the initial imaging ex-
amination of choice. Obvious signs of AoF include intravenous con-
trast material extravasation into the fistulizing hollow organ, tract
visualization, and aortic graft migration into the adjacent structure.
However, nonspecific indirect signs such as loss of fat planes and
ectopic foci of gas are seen more commonly. These indirect signs
can be confused with other entities such as infection and postop-
erative changes. Management may involve complex and staged
surgical procedures, depending on the patient’s clinical status, site
of the fistula, presence of infection, and anticipated tissue friability.
As endovascular interventions become more common, radiologists
will need to have a high index of suspicion for this entity in patients
who have a history of aneurysms, vascular repair, or trauma and
present with bleeding.

Online supplemental material and the shde presentation from the RSNA
Annual Meeting are available for this article.

©RSNA, 2021 - radiographics.rsna.org

Introduction
Pathologic communications between the vascular high-flow aortic
lumen and the surrounding organs are extremely rare and require
expeditious diagnosis and management in the face of imminent
catastrophic bleeds (1,2). These aortic fistulas (AoFs) are typically
a result of trauma or prior vascular interventions, but they may
also occur de novo in weakened vessels, as in cases of accelerated
atherosclerotic disease or blood-borne infection (1). Rare causes
include vasculitides, collagen-vascular disorders, malignancy, and
radiation-induced changes (2). In the absence of trauma or history
of surgery, the diagnosis is often harder to make and can be inadver-
tently missed. There has been an increase in the incidence of AoFs
in recent years, paralleling the increased burden of atherosclerotic
disease and consequent increased use of endovascular graft aortic
repairs (1). Affected patients typically present with intermittent her-
ald bleeds before exsanguination, with or without other nonspecific
or even misleading local symptoms (3). Given the rarity of AoFs,
nonspecific clinical manifestations, and risks associated with invasive
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TEACHING POINTS

B Multidetector CT angiography with multiplanar reconstruc-
tion is the initial examination of choice for diagnosing AoFs.

B When CT angiographic findings are equivocal in the differen-
tiation of postoperative changes and infections, scintigraphy
with technetium 99m (*"Tc) hexamethylpropyleneamine
oxime-labeled white blood cells (\WBCs) or indium 111 (''"In)
oxime-labeled WBCs can be used. Fluorine 18-fluorodeoxy-
glucose (FDG) PET/CT also can be considered for use in cer-
tain patients and provides superior resolution.

B Direct signs of AoFs are rarely visualized and include visualiza-
tion of the fistula tract, extravasation of intravenous contrast
medium into the fistulizing organ or oral contrast medium
coursing into the paraprosthetic space, and aortic graft migra-
tion into the adjacent fistulizing structure.

B |ndirect signs are often the only available evidence to suggest
a diagnosis of AoF. These ancillary imaging features include
abnormalities of the aortic wall such as aortitis, aneurysm or
pseudoaneurysm formation, aortic mural thrombus, a mal-
positioned graft, or discontinuous plaque. Irregularities of the
interface between the aorta and the fistulizing entity, such as
loss of fat planes and periaortic foci of gas, also can be seen.
The fistulizing organ itself may have abnormally thickened or
tethered walls. Last, the presence of air in the aortic lumen,
any surrounding fluid collection, or free hemorrhage also war-
rants closer inspection.

B Various normal anatomic variants, postoperative appearances
or complications, and pathologic processes can have imaging
features that are similar to those of AoFs.

confirmatory procedures, imaging plays a pivotal
role in establishing a diagnosis.

CT angiography is the mainstay for diagnosis
owing to the quick acquisition, widespread avail-
ability, and superior spatiotemporal resolution
(1,4).When a direct imaging sign such as con-
trast material extravasation from the aorta into
the bowel, or, conversely, extravasation of orally
administered gastrointestinal contrast material
into the periaortic space; visualization of the
tract; or graft migration into a communicating
organ is present, a diagnosis can be established
with high certainty (5). However, in practice, the
diagnosis of AoF often requires piecing together
sometimes subtle imaging findings such as in-
creased perigraft soft tissue, fat stranding, bowel
wall thickening, aortic mural hematoma, and

ectopic air in the aorta or suspected tract (1,5,6).

Adjunctive use of scintigraphic techniques
to identify infection or slow intermittent bleeds
can be very helpful. An unsuspecting radiologist
can easily miss or misdiagnose a potential fistula
amid postoperative changes or in the presence
of perigraft infection. In this pictorial review, we
describe the clinical and radiologic features of
the spectrum of AoFs, highlighting the distin-
guishing characteristics that differentiate these
topographically distributed entities from con-
founding anatomic, postoperative, and patho-

radiographics.rsna.org

logic mimics and focusing on imaging findings at
CT angiography.

Pathogenesis of AoFs
Atherosclerotic disease leading to intimomedial
fat deposition is the most common cause of loss
of integrity of an otherwise intact vessel wall.

With the high pulsatile intravascular pressures,
this phenomenon gradually leads to aneurysmal
growth. The weakened aortic wall allows abnormal
radial transmission of pulsatile pressure to the sur-
rounding soft tissues. This abnormal force causes
pressure necrosis and adhesive granulation tissue
between the aorta and a periaortic hollow or solid
organ, resulting in a fistula (7,8). A true aneurysm
occurs owing to the weakening of an otherwise
intact vessel wall. This aneurysm contains all of the
layers of the arterial wall, whereas a false aneu-
rysm, or pseudoaneurysm, does not contain any
wall layers and is more prone to sudden rupture
instead of controlled fistula development.

Infection, postoperative inflammation, and
foreign bodies (ie, sutures, particularly if they are
too tight, or stents) act as catalysts for subsequent
fistulization. Other less common risk factors such
as penetrating atherosclerotic ulcers, vasculitides,
collagen-vascular disorders, mycotic aneurysms,
and radiation have a common substrate—that is,
inflamed and weakened perivascular soft tissue
that allows adhesion and fistulization. Rarely,
AoFs can be congenital (9,10). An AoF is typi-
cally referred to as a primary fistula if it occurs
in a vessel that has had no prior intervention and
is typically associated with an atherosclerotic
aneurysm.

If an AoF occurs in the setting of a prior aortic
intervention and/or aortic graft placement, it is
referred to as a secondary fistula. The patho-
physiology of secondary fistulas is multifactorial
and related to foreign body reaction to the graft,
graft kinking, superimposed infection, endoleak
coil placement, and endotension (11,12). Sec-
ondary fistulas, aortoenteric fistulas (AEFs) in
particular, are more commonly seen in clinical
practice, given the higher incidence of abdominal
aortic aneurysms and their repair (1). Literature
comparing the incidences of fistulas related to
open repair versus endovascularly placed grafts
is scant. One of the larger studies by Chopra et
al (13) involving 50 patients suggests a higher in-
cidence of fistulas involving open aortobifemoral
bypass compared with the incidences of fistulas
related to endovascular repairs and tube grafts.

Three morphologic subtypes of secondary
AEF have been described in the surgical litera-
ture: (a) fistula between the bowel and the anas-
tomotic suture line (ie, between the native aorta
and the graft), (b) fistula between the bowel and



RadioGraphics

RG ¢ Volume 41 Number 5

* Aortic dissection/
aneurysm )

« Interventions (eg, ﬂ Inc: 4% of thoracic
balloon dilatation, aneurysms on autopsy

Imaging incidence

surgery)
unknown
* Trauma
* Infective endocarditis (IE) Aorto-atrial

+ Aortic aneurysm

+ Interventions (eg, atrial
appendage closure
device, pulmonary vein
ablation)

Inc: 1.6% of IE cases
(up to 5.8% in
prosthetic aortic IE)

MC: Right atrium

* Aortic aneurysm

* Trauma

* Lumbar surgery

* Inferior vena cava (IVC)
filter placement

Aorto-Caval
Inc: 2-6% of
ruptured AAAs
MC: Infrarenal

Aorto-pulmonary 4

Gulati etal 1337

* Post thoracic
endovascular aortic
Aorto-bronchial repair (TEVAR) or

Inc: 0.5% of TEVAR endobronchial stent
MC: Left placement
tracheobronchial tree « Radiation

* Trauma

Aortic aneurysm repair
Esophageal malignancy,
esophageal stent

Aorto-esophageal
Inc: 1.7-2% of TEVAR
MC: Mid-third of 4l

esophagus placement
* Foreign body ingestion
* Atherosclerotic abdominal
Aorto-enteric

aortic aneurysm (AAA),

Inc: 0.5 to 2.3% of AAA repair or graft

ruptured AAAs (higher

if post-EVAR included) | |, II\TECttI-ions
MC: 3rd part of . ycotic aneurysm
duodenum Collagen vascular disease
* Malignancy

Figure 1. Diagram illustrates the incidence (Inc) of and risk factors for the most commonly seen aortic fistulas (AoFs). EVAR = endo-

vascular aortic repair, MC = most common.

a suture-line pseudoaneurysm, and (¢) fistula be-
tween the bowel and the graft body lining itself,
which is also called a paraprosthetic fistula or
graft erosion (14,15). No significant difference in
clinical outcome has been reported among these
subtypes (13).

Trauma is another rare etiologic factor for
AoFs. Usually, penetrating trauma due to a gun-
shot or stab wound is the main perpetrator (see
slides 29 and 30 in the online slide presentation.)
Less commonly, iatrogenic injury during a vascu-
lar procedure or lumbar disk surgery also has been
implicated (16). Blunt trauma is another event
that can lead to vascular injury, owing to a whip-
lash mechanism or the vessel being compressed
between osseous structures. The latter mechanism,
related to vessel compression, is seen particu-
larly in the aortic isthmus, which can get trapped
between the manubrium, first rib, and clavicular
heads (17).

Spectrum of AoFs
Broadly, there are six entities that comprise the
majority of clinically relevant AoFs in relation
to the aorta: aortoatrial fistula (AAF), aorto-
pulmonary fistula (APF), aortobronchial fistula
(ABF), aortoesophageal fistula (AEsoF), AEF, and
aortocaval fistula (ACF). Among these, abdominal
AEFs and ACFs are the most common. In addi-
tion to the great vessel itself, its larger branches
can be involved in fistula formation. However, this
is beyond the scope of this article. The major risk
factors and incidences associated with individual
AoFs, derived from the contemporary literature,
are illustrated in Figure 1 (7,16-24).

Radiologic Imaging
Various radiologic modalities are available to
evaluate AoFs. Each of these modalities has ad-
vantages and disadvantages.

CT Angiography

Multidetector CT angiography with multiplanar
reconstruction is the initial examination of choice
for diagnosing AoFs. CT angiography enables
quick acquisition of images with high spatial reso-
lution. Volume-rendered three-dimensional images
provide surgeons and interventional radiologists
with an anatomic overview for surgical and endo-
vascular planning. The routine CT angiography
protocol for aortic evaluation at our institution
involves a noncontrast phase to assess for hemor-
rhage or intramural hematoma. The noncontrast
phase is followed by image acquisition in the arte-
rial phase and an optional delayed phase.

Image acquisition is performed by using auto-
mated bolus tracking with the region of interest
placed in the descending aorta. Ninety to 150 mL
of nonionic intravenous iodinated contrast me-
dium (350 mg/mL) is injected at a rate of 3-5
ml/sec and followed by a 30-50-mL saline chaser
to clear the venous system of contrast material.

CT angiography is performed on a 64-section
multidetector CT system, with a collimation of
0.625 mm. Images are reconstructed in all three
planes by using a 0.6—3.0-mm section thickness.
In patients with a history of stent placement, a
delayed phase image is obtained 120 seconds
after contrast medium administration to assess
for endoleaks. This protocol is summarized in
Table 1.
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A virtual noncontrast sequence can be recon-
structed from the arterial phase of dual-energy
CT. This examination can be particularly useful
in cases in which the need is realized retrospec-
tively. However, virtual noncontrast images are
noisier than true noncontrast images, they can
have significantly higher attenuation, and cal-
cium can be partially removed from these images.
However, most of these images are found to be of
diagnostic quality (25,26).

At nongated imaging, cardiac motion can
mimic intimal flaps or wall irregularity at the
aortic root and ascending aorta and be misin-
terpreted as true aortic wall disease. The clinical
background, presence of streaks extending out-
side of the lumen, absence of secondary ancillary
findings that suggest acute aortic syndrome, and
blurred margins at other sites provide clues to
the true nature of the observation (27). Subop-
timal acquisition in the setting of high clinical
suspicion may require adjunctive use of advanced
cardiac gating techniques. This is often the case
when the indication requires interrogation of the
aortic root and ascending aorta.

Oral contrast material is rarely used in emer-
gent settings at most centers today, and, if used, it
may obscure abnormal contrast material extrava-
sation into the bowel. When an AoF is suspected,
the use of conventional oral contrast material
(containing barium) is not recommended, as it
can obscure the extravasation of vascular con-
trast material into the bowel, which is an impor-
tant sign of AoF (5). However, if the patient is
stable, neutral oral contrast agents can be used in
combination with intravascular contrast medium
to enhance the ability to detect such vascular-to-
bowel contrast medium extravasation.

Conventional Angiography

Although conventional angiography is rarely the
initial imaging modality used in cases of AoF, it
facilitates better spatial resolution than does CT
angiography. Conventional angiography may be
performed to delineate the arterial anatomy bet-
ter, to detect bleeding rates as slow as 0.5 mL/
min, and for dynamic assessment of vascular
pressure gradients (28). It is particularly useful
in patients who have previously undergone graft
repair but is less reliable for diagnosing primary
AEFs (9). Conventional angiography has the
added advantage of enabling simultaneous treat-
ment with stent placement and embolization (5).

MR Angiography

MR angiography has limited use in emergent
settings but can be a viable imaging option for pa-
tients with renal insufficiency who cannot tolerate
iodinated contrast medium. Use of phase-contrast

radiographics.rsna.org

MR angiography to quantify flow through a fistula
has been reported (29). The superior soft-tissue
contrast has been shown to be helpful (68%-85%
sensitivity, 97%—-100% specificity) in detecting
graft infections in cases that are equivocal with CT
angiography (30). The nonionizing nature of MRI,
with superior contrast resolution, is also optimal
for volumetric assessment of the graft lumen at
aneurysm follow-up, especially in young patients
(31). However, if there are concerns regarding

the imaging of areas with vascular or graft-related
calcifications, metallic fixation sites, or the outer
metal skeleton of the graft, adjunctive CT is
essential.

Aortic endografts are modular stent grafts
made of polyester (Dacron; DuPont) or expanded
polytetrafluorethylene (Teflon; Chemours) fabric
supported by a metallic mesh skeleton that is
usually composed of a nickel titanium alloy called
nitinol. Knowledge of the endograft type used is
important when considering post—endovascular
repair MRI assessment. While nitinol grafts do not
cause significant susceptibility artifacts that com-
promise MRI assessment of the perigraft soft tis-
sues or graft lumen, ferromagnetic materials such
as stainless steel and cobalt-chromium preclude
MRI assessment. Of the eight endografts that are
currently available, the following six have nitinol-
based skeletons: Endurant (Medtronic), Excluder
(Gore), Incraft (Cordis), Aorfix (Lombard Medi-
cal), and Alto and Ovation (Endologix). The AFX2
endograft (Endologix) has a cobalt-chromium
skeleton, and the Zenith device (Cook Medical)
has a stainless steel skeleton.

While the presence of susceptibility artifacts
depends heavily on the material of the metallic
construct, all endografts cause some degree of ra-
diofrequency shielding or caging that can impair
visualization of the graft lumen, regardless of the
material. If needed, these radiofrequency caging
artifacts can be reduced by increasing the radio-
frequency power of the excitation pulse. Radio-
frequency-related heating or dislodging torque
forces are not of clinical concern with regard to
any of the described graft materials (32—-34).

Nuclear Imaging

Superimposed vascular graft infections are a major
source of morbidity and mortality from septicemia
and, more relevant to the subject of this review,
their presence significantly increases the likelihood
of AoF. When CT angiographic findings are equiv-
ocal in the differentiation of postoperative changes
and infections, scintigraphy with technetium 99m
(**Tc) hexamethylpropyleneamine oxime-labeled
white blood cells (WBCs) or indium 111 (*!'In)
oxime-labeled WBCs can be used. Fluorine 18—
fluorodeoxyglucose (FDG) PET/CT also can be
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Table 1: CT Angiographic Protocol for Evaluation of Aorta at Authors’ Institution

Parameter

Description or Value

Acquisition phases

Noncontrast, arterial, and (optionally) delayed at 120 sec
Region of interest for automated bolus tracking  Descending aorta

Contrast medium volume 90-150 mLL
Collimation 0.625 mm
Reconstructed section thickness 0.6-3.0 mm

considered for use in certain patients and pro-
vides superior resolution (30). Radiolabeled WBC
studies are used because of their added specificity
for infection (53%—-100% sensitivity, 60%—100%
specificity) (30,35). '!In-labeled WBC radiotracer
is preferred when evaluating fistulas of the abdom-
inal aorta owing to the physiologic gastrointestinal
or urinary excretion of *»T'c. FDG PET/CT is a
higher-resolution study and is gaining significant
recognition, with a sensitivity and specificity of
95% and 80%, respectively, reported in patients
with vascular graft infections in a relatively recent
meta-analysis (36). FDG PET/CT is best suited
for patients at least 3—4 months after surgery be-
fore antibiotics have been initiated, as postopera-
tive inflammatory changes can cause false-positive
results and use of antibiotics can cause false-nega-
tive results (5,37).

mTc-tagged red blood cell (RBC) scanning
is best suited for identifying slow, intermittent,
and occult-to-moderate bleeding owing to its
excellent sensitivity, with bleeding as slow as

0.05-0.10 mL/min reportedly detected (5,28,38).

However, this examination is not the optimal
choice for patients who present with massive
bleeding that is suspicious for AoF owing to the
prolonged imaging time needed for this study.
Rather, RBC scintigraphy studies are more suited
for detecting the intermittent bleeds seen in cases
involving a tenuous fistula tract or flow limitation
due to interposed laminated plaque. The added
sensitivity of tagged RBC scanning, as compared
with CT angiography, cannot be therapeutically
leveraged since patients who have positive RBC
study results may not have a detectable correlate
at angiography (28). In the majority of cases, the
diagnosis can be made by using properly per-
formed multiphase CT angiography with meticu-
lous interpretation of findings.

Ultrasonography

US may have a role in the evaluation of medically
unstable patients and patients with allergies to
contrast medium, but visualization of the deep-
seated aorta is usually poor and obscured by
overlying gas and tissue (1,30). However, there
have been reports of AEFs being diagnosed with

use of point-of-care US. Reported cases de-
scribe heteroechoic masslike collections abutting
both the aorta and the bowel, with pouching of
flow from the aorta toward the collection and/

or internal air foci (39,40). Turbulent aortocaval
communication and arterialized venous flow may
be visualized directly (41). Contrast-enhanced
US can also depict a tract when contrast medium
is seen flowing from the aorta into the fistulizing
structure (42). Transesophageal echocardiogra-
phy has utility in the evaluation of flow through
the aortic arch, aortic root, and proximal de-
scending fistulas and can be performed intraoper-
atively or at the bedside of unstable patients (43).
Approaches to imaging AoFs in various clinical
settings are summarized in Table 2.

Principal Imaging Features
The imaging signs of AoFs can be divided into
direct and indirect signs, irrespective of the fistula
site. Direct signs of AoFs are rarely visualized
(6,8,44) and include visualization of the fistula
tract, extravasation of intravenous contrast me-
dium into the fistulizing organ or oral contrast me-
dium coursing into the paraprosthetic space, and
aortic graft migration into the adjacent fistulizing
structure. Indirect signs are often the only avail-
able evidence to suggest a diagnosis of AoF. These
ancillary imaging features include abnormalities of
the aortic wall such as aortitis, aneurysm or pseu-
doaneurysm formation, aortic mural thrombus, a
malpositioned graft, or discontinuous plaque. Ir-
regularities of the interface between the aorta and
the fistulizing entity, such as loss of fat planes and
periaortic foci of gas, also can be seen. The fistuliz-
ing organ itself may have abnormally thickened
or tethered walls. Last, the presence of air in the
aortic lumen, any surrounding fluid collection, or
free hemorrhage also warrants closer inspection.
Specific features of each of the different types of
AoFs are discussed in the following sections.

Aortoatrial Fistula
Epidemiologic and Clinical Features

AAFs are usually the result of endocarditis, which
is often associated with paravalvular abscesses,
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Table 2: Imaging Approaches Used in Various AoF-related Clinical Scenarios

Clinical Scenario

Imaging Approach

Large-volume bleeding with high clinical
suspicion for AoF (primary or secondary)

repair (secondary)

Intermittent bleeding with suspected
spontaneous AoF (primary) or remote
aneurysm repair (secondary)

CTA usually suffices; US and bedside TEE may be useful; CTA
may be beneficial in unstable patients—especially in the setting
of intrathoracic fistulas

Intermittent bleeding with recent aneurysm CTA (first line), tagged RBC scanning (second line), tagged WBC
scanning for infection evaluation

PET/CT at 3—4 months or longer after surgery and if antibiotics
have not been started

CTA (first line), tagged RBC scanning (second line), infection
evaluation with PET/CT and MRI to provide better resolution
of infection

diography, WBC = white blood cell.

Note.—AoF = aortic fistula, CTA = CT angiography, RBC = red blood cell, TEE = transesophageal echocar-

and are more to likely develop in patients with

a prosthetic valve. They have been reported in
1.6% of patients with infectious endocarditis,
with the prevalence increasing to 5.8% in cases of
prosthetic aortic valve infection (19). AAFs can
result from complications of aortic aneurysms
and dissection, ruptured sinus of Valsalva aneu-
rysms, and trauma. Interventions such as aortic
root or valve surgery, atrial septal defect closure,
coronary artery bypass graft placement, angiog-
raphy, pulmonary vein ablation, and insertion of
Watchman (Boston Scientific) devices are also
risk factors. Congenital forms of AAFs are less
common, manifesting as aortoatrial tunnels or
coronary-cameral fistulas, and can be associated
with other anomalies, most commonly ostium
secundum atrial septal defect (22).

Symptoms occur owing to volume overload
secondary to shunting of the blood from the
aorta to the atria. Manifesting symptoms include
dyspnea on exertion, dry cough, palpitations,
fatigue, chest pain, and even cardiogenic shock. A
new continuous murmur in patients with known
aortic disease should prompt workup for an AAF
(10,18). Symptoms may worsen gradually over
time as the volume overload and cardiac remod-
eling progress; however, patients can also remain
asymptomatic (45,46). Complications of AAFs
include heart failure, pulmonary edema, conges-
tive hepatopathy, atrial fibrillation, and secondary
atrioventricular valvular insufficiency (10,18).

Imaging Features

In cases of acquired AAFs, the right atrium is
more commonly affected than the left owing to
the anatomic locations (10,18). A fistula may

be visualized directly owing to contrast material
leakage into the low-pressure right or left atrium
from the aorta (Fig 2). Alternatively, another
direct finding would be a tract arising from the
true or false lumen of a dissected aorta (Fig 3,

Movie 1). Indirect features that are suggestive

of an underlying AAF include adhesions and
fibrosis within the soft tissues interposed between
the aorta and the atrium, changes related to
underlying endocarditis, and aortic root dilata-
tion. In stable patients who can tolerate a longer
examination, advanced techniques such as four-
dimensional flow MRI can also be utilized for
confirming and characterizing aorto-atrial fistu-
las, mirroring its use for other aortic fistulas (29).
Transesophageal echocardiography can be used
for confirmation of AAF and flow quantification,
especially in the setting of unstable patients who
require bedside or intraoperative assessment (43).

Aortopulmonary Fistula

Epidemiologic and Clinical Features

APFs are an uncommon intrathoracic diagnosis.
They can be congenital or acquired. Their as-
sociation with congenital heart disease, including
repair of coarctation of the aorta, is well known.
Causes of acquired APFs include rupture of a
thoracic aortic aneurysm into the pulmonary
artery (PA) as a complication of aortic dissection
and procedures of the aortic or pulmonic valve
such as the Bentall procedure, trauma, and sepsis
(47). An autopsy study in 1924 (48) revealed a
prevalence of 4% in cases of thoracic aneurysms,
but a subsequent study in 1958 (49) found not
even a single fistula among 505 cases of aortic
dissection. Data on the imaging incidence of
APFs are limited, and available literature sug-
gests that they are more commonly associated
with acute dissections (50). Balloon dilation of
pulmonary arteries also has been reported to
cause APFs in patients with a history of PA stent
placement or suture lines from previous Ross or
arterial switch procedures (51). APFs lead to the
development of left-to-right shunt, acute pulmo-
nary edema, and right heart failure.
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Figure 2. Aortoatrial fistula
(AAF) in a 68-year-old woman
with a history of aortic and mi-
tral valve replacements who pre-
sented with recent-onset chest
pain. Oblique (a) and axial (b) CT
angiograms show contrast mate-
rial (arrow) opacifying a commu-
nication between the aortic root
and left atrium. The patient was
subsequently scheduled for elec-
tive repair.

Figure 3. AAF in a 55-year-old man with previous coronary artery bypass graft placement who presented with chest pain
(Movie 1). Axial (a) and coronal (b) CT angiograms show a type A aortic dissection involving the thoracic aorta (arrows) and
aortic root (arrowhead in b), resulting in a fistula between the coronary sinus and right atrium seen on the sagittal image (arrow
in ). During surgery, the right atrium was found to have a thrill on palpation, which was suggestive of a fistula. After dissection
and identification of the extent of the tear to just above the annulus in the noncoronary sinus, the aorta was further resected
down to the sinotubular junction, where a 1-cm communication between the rupture in the noncoronary sinus and the right

atrium was confirmed.

Imaging Features

Continuous (systolic and diastolic) turbulent
high-velocity flow between the right ventricular
outflow tract—PA and aorta can be detected with
transthoracic echocardiography (52) (Fig 4).
High oxygen saturation in the PA and oxygen
step-up between the right atrium and the PA,

as demonstrated during cardiac catheterization,
are confirmatory (Fig 4b, Movie 2). Cardiac CT
helps in the detection of pseudoaneurysm for-
mation and evaluation of coronary atherosclero-
sis in adults preparing for cardiac intervention.

Aortobronchial Fistula

Epidemiologic and Clinical Features
ABFs are rare entities. They are usually the
consequence of surgical intervention involving
the descending thoracic aorta or aerodigestive

tract, as a complication of radiation therapy for
lung or head and neck malignancies. In adults,
this usually means the repair of aneurysms or
pseudoaneurysms, dissections, or traumatic
rupture, and interventions such as endobronchial
stent placement to relieve bronchial obstruction,
endobronchial blocker placement for preferential
bronchial aeration, and esophagectomy. Child-
hood surgeries such as repair of tetralogy of
Fallot, patent ductus arteriosus, and coarctation
of the aorta also can lead to the development of
ABFs well into adulthood. Rarely, ABFs are due
to vasculitides such as Takayasu arteritis (53).
Development of ABF has been shown to occur
as early as 2 weeks and as late as 25 years after
the interventions just mentioned (7,44).In a
2010 study of 1113 patients who underwent tho-
racic endovascular aneurysm repair (20), six of
these patients later developed ABFs, with five of
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Figure 4. Aortopulmonary fistula (APF) in a 7-year-old girl with a history of double-outlet right ventricle and
subpulmonary ventricular septal defect, after an arterial switch procedure involving the LeCompte maneuver
and ventricular septal defect closure. The patient underwent balloon dilation of the left pulmonary artery (PA)
for neopulmonary stenosis. At follow-up, a new continuous murmur was noted. (a) Doppler US echocardiogram
shows continuous antegrade flow with systolic accentuation in the APF. (b) Image from cardiac catheterization
shows a fistula (black arrow) between the ascending aorta (arrowhead) and left PA (white arrow) (Movie 2).
(Case courtesy of Christian Pizarro, MD, Nemours Cardiac Center, Division of Pediatric Cardiothoracic Surgery,

Wilmington, Del.)

C.

Figure 5. Aortobronchial fistula (ABF) in a 61-year-old man with hemoptysis, a history of heart transplant, and left ventricular
assist device placement. (a) Axial CT image shows a pseudoaneurysm of the descending thoracic aorta at the anastomosis site (ar-
row) adjacent to the thrombosed outflow remnant graft (arrowhead). (b) Delayed image of the catheter angiogram demonstrates
extravasation of contrast material at the time of aortic stent graft placement, representing an underlying communication (arrow).
() Axial noncontrast CT image shows an endoblocker (arrow) placed in the left mainstem bronchus for treatment.

them having concomitant AEsoFs. The actual in-
cidence of ABF is likely underestimated, as more
than 30% are diagnosed only at autopsy (54).
Hemoptysis of varying degrees is the typical
manifestation. Recurrent and massive bleeds
should increase suspicion. Other symptoms in-
clude chest or back pain or dyspnea (7,44).

Imaging Features

ABFs with communications involving the left
tracheobronchial tree are more common owing to
the relative anatomic proximity (6,7,44). As with
all AoFs, with ABFs, ancillary imaging features
are more frequent. A common example is a focal
area of ground-glass opacity (indicating pulmo-
nary hemorrhage) in close vicinity or contiguity

with a potentially fistulizing acute aortic syn-
drome (eg, aneurysm, penetrating ulcer, or dis-
section) (10). The site of the ulcer or aneurysmal
bulge should be carefully interrogated to localize
the fistula (Fig 5). In a patient who has a history
of surgical repair with graft placement, signs of
graft infection—like thickening of the surrounding
wall, perigraft fluid collection, air within the wall,
loss of normal fat planes, and/or stent migration
also should raise suspicion for a fistula (10).

Aortoesophageal Fistula
Epidemiologic and Clinical Features

AEsoFs most commonly occur as a result of
aortic aneurysm rupture or repair, dissection,
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Figure 6. Aortoesophageal fis-
tula (AEsoF) in a 70-year-old man
with a prolonged tracheostomy
for laryngeal cancer who pre-
sented with acute bright red he-
matemesis. Axial CT angiograms
show loss of the outline of the me-
dial wall of the aneurysmal aortic
arch, with a nipple-like outpouch-
ing tethered to the esophagus
(black arrow in a) and an adjacent
focus of air (white arrow). The fis-
tula was confirmed at surgery.

Figure 7. AEsoF in a patient with an aortic dissection (not shown) complicated by rupture with extravasation of oral contrast mate-
rial. (a, b) Axial contrast-enhanced (a) and noncontrast (b) CT images show the extravasation anteriorly (black arrow in a) and a
mediastinal hematoma indenting the left atrium (white arrow). (c) Axial postoperative CT image after aortic stent-graft repair and
esophageal stent placement shows an esophageal leak and probable AEsoF outlined by extravasated oral contrast material extend-

ing to the aortic stent (arrow).

invasive esophageal malignancies, or foreign body
ingestion. They have been reported to occur at
frequencies ranging from 0.5% to 1.7% (21).
Given increasing interventions and use of grafts,
the incidence of AEsoFs also is rising (21). The
Chiari triad, consisting of midthoracic pain or
dysphagia and sentinel hemorrhage, followed by
potentially fatal arterial hematemesis leading to
exsanguination after a symptom-free period, is
the classically described manifestation of AEsoFs
(55,56). Affected patients can also have other
forms of gastrointestinal bleeding, back pain,
fever, and sepsis.

Imaging Features

AEsoFs are seen most commonly in the middle-
third portion of the esophagus, closer to the
region of the change in aortic curvature. Signs of
an AEsoF include extravasation of intravenous
contrast material into the gastrointestinal tract
and stent migration (1,57,58). These may include
a teatlike outpouching from the aorta toward

the esophagus, as seen in Figure 6, or vice versa.

More commonly, extraluminal air and medias-
tinal collections, esophageal wall thickening, or
aortic wall discontinuity or dilatation is seen with
loss of normal fat planes (Fig 7).

Aortoenteric Fistula

Epidemiologic and Clinical Features

An AFEF is an abnormal communication between
the intestinal tract and the aorta. Primary AEFs
occur de novo, usually in a diseased atherosclerotic
vessel, and are significantly rarer, with a reported
prevalence of 0.04%-0.07% (23). Secondary
AEFs have a reported prevalence of 0.5%—2.3%,
making them the most common type of aortic fis-
tula, and they are usually associated with repaired
atherosclerotic aneurysms (23). Foreign material—
like grafts or sutures and superimposed gut flora
infections act as catalysts. Fistulas at sites other
than the duodenum are often related to more
unusual causes such as retroperitoneal radiation,
ballistic injuries, endoleak coils, ingested foreign
bodies, pancreatic necrosis, or uncommon variants
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Figure 8. Aortoduodenal fistula in a 72-year-old man with a history of abdominal aortic aneurysm repair
who presented with acute-onset severe midabdominal pain, gastrointestinal bleeding, and syncope. Axial
CT angiograms of the abdomen and pelvis show extravasation of arterial contrast material into the duo-
denum and proximal jejunum (black arrow), confirming the clinical suspicion for an aortoenteric fistula
(AEF) to the third portion of the duodenum (white arrow in a). The patient underwent urgent repair with
explantation of an aortobiiliac graft, cadaveric aortic homograft placement, and aortoduodenal fistula
repair.

of diverticular disease (59,60). The classic triad for
primary AEFs first described by Sir Astley Cooper
has been described as an upper gastrointestinal
bleed, abdominal pain, and a pulsatile abdomi-
nal mass. However, this triad is only reported in
10%—-25% of patients (4,23,61). Other manifesta-
tions of AEFs include varying forms of gastroin-
testinal bleeding, sepsis, back or abdominal pain,
fever, and shock (23,62). A “herald bleed,” which
is smaller and more intermittent, often precedes
exsanguination by as little as a few hours to as
much as a few months (4). It is believed to oc-

cur as a result of mucosal ulceration followed by
temporary tamponade by clotting and bowel loops
(23). Hematemesis and melena, followed by a
herald bleed and shock, have been found to occur
more commonly. Hematochezia and bright red
blood from the rectum have been reported to be
the least common (15).

Imaging Features
AFEFs most commonly involve the third part of
the duodenum, followed by the fourth part, jeju-
num, ileum, and large bowel (63,64). The prox-
imity of the juxtarenal and infrarenal portions
of the aorta to the retroperitoneally anchored
duodenum makes this site the most vulnerable.
The sensitivity and specificity of CT for AEFs
(40%-90% and 33%-100%, respectively) vary
widely and are consistently higher for secondary
AEFs (90%) (1). Direct signs of AEF are ex-
travasation of intravenous contrast material into
the gastrointestinal tract or stent migration into
the gastrointestinal tract (1,57,58) (Fig 8). These
signs are extremely rare, but they are specific for
a fistula (1). More common signs include air in
the aneurysm sac or periaortic area and focal

bowel wall thickening (1) (Fig 9). Indirect signs
include previously described aortic and periaortic
abnormalities such as pseudoaneurysm, abnor-
mal soft tissue, and loss of planes between the
aorta and bowel (Fig 10).

Aortocaval Fistula

Epidemiologic and Clinical Features

ACFs are known to occur at a rate of 2%—-7%,
but prevalences as high as 10% also have been re-
ported (24,65,66). They can result from ruptured
aortic aneurysms, aortitis, or the use of inferior
vena cava (IVC) filters. High-velocity penetrating
trauma or significant spinal trauma with thoraco-
lumbar translation also can lead to ACF forma-
tion. Less common causes include spinal surgery
and IVC dissection (67,68).

ACFs have varied signs and symptoms and
may manifest as acute abdominal pain or low
back pain with shortness of breath and a pulsatile
abdominal mass with a bruit (69). If the fistula
has been gradually expanding over time, the pa-
tient may have adapted to the new hemodynam-
ics and eventually present with signs and symp-
toms of high-output cardiac failure. Shock is a
less frequent manifestation, as the blood remains
intravascular (24,70).

Imaging Features

ACFs occur most commonly in association with
the infrarenal aorta. The most obvious imaging
finding of an ACF is early contrast enhancement
of the IVC, with simultaneous enhancement of
the aorta and IVC during the arterial phase (Fig
11). The fat planes between the two vascular
structures are lost, and the IVC may show inden-
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Figure 9. Aortoenteric (aortoileal) fistula (AEF) in a
77-year-old man with a history of right-sided aortobi-
femoral bypass graft placement who presented with
abdominal pain. (a, b) Axial CT images show a large hy-
perattenuating perigraft collection (black arrows in a),
with internal foci of gas (white arrow) extending down
to the right groin. (c) Axial CT image shows that there is
also loss of the normal fat plane between the collection
and the adjacent ileal loop (arrows), raising suspicion
for a fistula. During surgery for removal of the infected
aortic graft and placement of an axillofemoral bypass
graft, the AEF was confirmed.

Figure 10. AEF in a 30-year-old man with metastatic nonseminomatous germ
cell cancer who was found to have hematemesis, melena, and hematochezia
with a palpable abdominal mass at clinical examination. He was also found to
have a large aortocaval lymph node infiltrating into the duodenum and sup-
plied by the superior and inferior mesenteric arteries that required coil place-
ment in the inferior mesenteric artery. He returned 1 month later with massive
hematemesis and melena. (a, b) Coronal maximum intensity projection (a) and
axial (b) images from a CT angiogram show an aortic pseudoaneurysm just
above the bifurcation, communicating with the small bowel (black arrow in a),
with periaortic soft tissue and fluid (white arrows). The fistula was confirmed at
digital subtraction angiography, when contrast material extravasation into the
bowel loops was seen.

tation at the site of the fistula. A retroperitoneal
hematoma may or may not be present (70). A fis-
tula leading to the IVC from the false lumen of a
ruptured dissecting aortic aneurysm may be seen
(Fig 12). Owing to the vascular overload, the IVC
and pelvic veins are often dilated; this should
prompt thorough investigation for an ACF.

Pitfalls
Various normal anatomic variants, postoperative
appearances or complications, and pathologic
processes can have imaging features that are simi-
lar to those of AoFs. These mimics of AoFs are
described in the following sections.

Anatomic Mimics

Normal variants of the aortic contour can simulate
an aneurysm or pseudoaneurysm. In the scenario
of high clinical suspicion for a fistula, these entities
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a.

Figure 11.

b.

Aortocaval fistula (ACF) in a 60-year-old man who underwent im-

aging for bacteremic sepsis. Axial CT images show phlegmonous extension of
infection into the aorta (black arrows in a) and early dense enhancement of
the inferior vena cava (IVC) matching the enhancement of the aorta (arrow in
b). These findings suggest aortocaval fistulization secondary to adjacent L3-L4
discitis-osteomyelitis (open arrow in a).

can mislead the interpreting radiologist. Such ana-
tomic variants include ductus diverticulum, aortic
spindle and nipple, and Kommerell diverticulum
at the origin of an aberrant right subclavian artery.
Thus, familiarity with the normal appearance of
these benign variants is important.

A ductus diverticulum can have an appearance
similar to that of a pseudoaneurysm, given that
it is a focal bulge. However, its typical location at
the anterior undersurface of the isthmic region
and obtuse angle with the aorta are assuring that
it is a benign variant. An aortic spindle is a simi-
lar bulge in the first part of the descending aorta
(27,71). Aortic nipple refers to the prominence of
the third intercostal artery origin from the aorta;
it is seen as an abnormal beaking of the lateral
aortic contour just distal to the isthmus. Rarely, a
Kommerell diverticulum may be a confounding
finding (72). Repair of a Kommerell diverticulum
is associated with AEsoF formation (73).

Postoperative Mimics

Accurate diagnosis of fistulas and correct differ-
entiation of them from perigraft infection in the
immediate postoperative setting can be challeng-
ing. In addition, expected postoperative changes
can have imaging features that overlap with those
of fistulas, adding to the diagnostic dilemma.
The time that has elapsed since surgery can be
helpful. Perigraft air is rare after a week following
surgery but may persist until 4-7 weeks after sur-
gery. Similarly, perigraft soft tissue, fluid, or he-
matoma can be seen in the immediate postopera-
tive period. However, after 3 months, one should

consider the possibility of infection (5,74,75).
Although blood cultures can provide conclusive
evidence, they are often negative, and clinical
signs and laboratory biomarkers for infection are
less reliable owing to the generalized inflamma-
tory response in the postoperative setting (5).

If any direct imaging features of the fistula are
seen, establishing a diagnosis is more straight-
forward; however, this is a rare scenario. Focal
bowel wall thickening and irregularity, ectopic air
foci, and pseudoaneurysm are more likely to be
related to a fistula than an infection (76,77). In
addition to CT, tagged RBC scanning or con-
ventional angiography may be required to detect
subtle bleeds. Tagged WBC scans can be obtained
when infection cannot be conclusively differen-
tiated from a fistula (Fig 13) (5). A simplified
approach to imaging in the postoperative period
is illustrated in Figure 14 (1,5,78).

Surgical material and hemostatic packing
agents such as bioabsorbable sponge or gauze can
have foci of air within them, simulating perigraft
air. However, in these cases, these materials tend
to be uniform, do not demonstrate enhancement,
do not change position across studies, and are
higher in attenuation (-104 to -458 HU) than is
pure air. These processes typically resolve in 7-14
days (78). Felt pledgets can mimic hyperattenuat-
ing intravenous contrast material or simulate a
pseudoaneurysm. However, their typical location
along the aortic wall, abutting the PA, and ap-
pearance during the noncontrast phase facilitate
correct identification (78). The surgical notes also
can be a valuable aid.
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a. b.

Figure 12. ACF in a 58-year-old man who became hypotensive during workup for suspected
renal colic. Coronal (a) and axial (b) CT angiograms show a saccular infrarenal aortic aneurysm
(black arrows in a) with a chronic dissection flap (open arrow in b) and fistulization with the
IVC (white arrow). The patient underwent aortobiiliac bypass surgery involving polyester graft
placement and fistula repair.

a. b. c.

Figure 13. Infection mimicking a fistula in a 67-year-old man who presented with acute abdominal pain 4 years after endovascular
aortic repair. (a, b) Coronal (a) and sagittal (b) CT images show an expanding infrarenal aortic aneurysm (black arrows) with tiny foci
of air (white arrows). It was unclear whether this was an infection or an underlying fistula. (c) Tagged '"'In-white blood cell (WBC)
scan shows increased uptake in the perigraft region (arrows), consistent with infection. The patient underwent excisional débride-
ment of the aorta, with implantation of antibiotic beads and staged graft explantation.
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contrast leak into periaortic ->

space/ adjacent organ or graft

" migration

Blood cultures & inflammatory lab
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specific:
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* WBC, CRP can be elevated in all 3 adjacent organ i disrupted aortic
cases. plague
i, Y Consider
potE s> » Equivocal P> Scintigraphy

Figure 14. Diagram of a simplified approach to imaging in the postoperative period to differentiate expected changes,
infection, and fistula formation. CRP = C-reactive protein, /V = intravenous.
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Figure 15. Axial contrast-enhanced CT images in a 56-year-old woman (a) and a 58-year-old man (b)
show a soft-tissue periaortic density (arrow in a) and rind (arrows in b), which increase the distance
between the aorta and spine owing to bulky retroperitoneal lymphadenopathy (a) and retroperitoneal

fibrosis (b).

Pathologic Mimics

Other pathologic processes such as retroperito-
neal fibrosis, lymphadenopathy, and inflammatory
conditions encasing the aorta can have imaging
findings similar to those of AoFs. Retroperitoneal
fibrosis appears as variably enhancing soft-tissue
plaques encasing the aorta and other retroperi-
toneal organs. It can sometimes be asymmetric,
focal, and infiltrating, mimicking an inflammatory
process. These plaques can demonstrate variable
degrees of enhancement as well. Adenopathy can
be a similar confounding entity and widen the gap
between the aorta and spine (Fig 15) (1). Patho-
logic entities such as Erdheim-Chester disease are
also known to manifest with a thick inflammatory
periaortic rind (79). However, in these cases, sites
of involvement other than the periaortic region
and the lack of ancillary imaging features such as
wall tethering and focal ectopic gas can help to dif-
ferentiate these diseases from a fistula (1).

Infected (mycotic) aneurysms can contribute
to the formation of fistulas. Hence, the features
of these two entities often overlap. Features of an
infected aneurysm include vessel-wall irregularity,
fat stranding, and enhancement. The presence of
air foci can be a feature of an anaerobic infection
as well as a fistula. However, contiguity with an
adjacent vessel, presence of a tract, or extravasa-
tion of contrast material should raise suspicion
for an underlying fistula. In addition, subtle
differences in features such as the shape of the
mycotic aneurysm, being typically saccular, and
the site, more commonly involving the suprarenal
and thoracic aorta, can be helpful hints. Rarely,
the adjacent vertebral bodies can also show
osteomyelitis-discitis. Infected aneurysms have
a higher risk of rupture and should be closely
monitored (1,80).

Treatment
AoFs can have extremely grim outcomes. Ac-
curate and prompt diagnosis and treatment are
key to patient survival. AEFs are conventionally
treated with open repair. It is imperative to limit
aortic inflow into the operative field by clamp-
ing the supraceliac or suprarenal aorta with use
of direct exposure or an endovascular balloon,
which is not without associated cold ischemia
time and associated morbidity (30). The tra-
ditional reference standard for open repair is
staged extra-anatomic bypass surgery; excision
of the infected aortic graft, leaving an oversewn
aortic stump; or repair of the fistulizing organ.
The bypass may be temporary or definitive—in
other words, reconstruction of the native aorta
may or may not be performed later, depending
on the tissue friability and associated infection
(21,30,81,82). Open repairs are associated with
a higher rate of complications such as recur-
rent fistula formation, reinfection of the aortic
stump, and stump blowout (30). The aortic
stump or primary anastomosis usually can be
protected from refistulization by interposing a
generous flap of soft tissue or omentum (30).
Thus, this area requires particular attention at
follow-up imaging.

Given that staged repairs have only a marginal
benefit, with high complication rates, there has
been a gradual shift toward primary in situ recon-
struction whereby the native infected or fistuliz-
ing aorta or graft is resected to healthy margins,
and vascular allografts (cryopreserved or fresh) or
rifampin-embedded synthetic grafts are refash-
ioned to reconstruct the resected segment at the
outset. However, this may not be feasible in cases
of severe or resistant infections (eg, Pseudomonas
or drug-resistant bacteria).
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Early endovascular repair as part of defini-
tive endovascular or staged open repair of AoFs
has been shown to facilitate improved short-
term morbidity and reduced mortality (14,30).
However, a higher reintervention rate has been
observed for patients who are treated primarily
with endovascular repair. Thus, these patients
require close follow-up (83). The American Heart
Association (AHA) currently recommends the
use of endovascular treatment as only a bridging
therapy before definitive open repair for AEsoFs
(30,56). Similarly, the AHA recommends endo-
vascular repair for AEsoFs and ABFs in patients
who cannot tolerate open repair or as a temporiz-
ing measure until definitive open surgery (30).
Small AAFs and ABFs can be managed conserva-
tively, and there are case reports of these fistulas
being primarily treated by using endovascular
approaches such as device closure, embolization
coil placement, stent or balloon placement, and
even cyanoacrylate procedures (7,44,46,84—-87).

Conclusion
The early diagnosis of AoFs is paramount to
patient survival and avoiding a grim outcome.
As endovascular procedures gain more popular-
ity, fistulas should be included in the differential
diagnosis for patients with bleeding, especially
those who have undergone a prior aortic inter-
vention. Radiologists must be familiar with the
various imaging features of AoFs and the associ-
ated confounding entities.
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