
REVIEWARTICLE

The red connection: a review of aortic and arterial fistulae
with an emphasis on CT findings

Adam Sipe1 & Sebastian R. McWilliams1 & Lauren Saling1 & Constantine Raptis1 &

Vincent Mellnick1
& Sanjeev Bhalla1

Received: 24 May 2016 /Accepted: 15 August 2016 /Published online: 24 August 2016
# American Society of Emergency Radiology 2016

Abstract Fistulae between the aorta and adjacent structures
are a rare, emergent, and potentially life-threatening process.
Most commonly, aortic fistulae arise secondarily as a compli-
cation of prior aortic surgery with fistulization to adjacent
structures. Rarely, a primary fistula may arise from the aorta
in the setting of a pre-existing aneurysm or from a mass, in-
flammation, or infection. Although the incidence of aortic
fistulae remains low, the frequency continues to increase as
aortic surgical interventions and post-surgical follow-up with
imaging become more common. Computed tomography (CT)
is the modality of choice in evaluating the patient with
suspected aortic fistula because of its accessibility and short
scan time. In addition, CT allows for more clear depiction of
para-aortic or intra-aortic gas than ultrasound or magnetic res-
onance (MR). This gas may be the first clue of a fistula. Given
the high mortality associated with aortic fistulae, familiarity
with the imaging findings of the spectrum of aortic fistulae is
essential knowledge in the emergency setting. This review
will discuss the imaging appearance of aortic and arterial fis-
tulae to the bronchi, esophagus, gastrointestinal tract, ureters,
and veins on CT.
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Introduction

The long course and high intraluminal pressure of the aorta
allow pathologic processes of the aorta and its major branches
to potentially fistulize to adjacent structures [1, 2]. Aortic fis-
tulae may be primary or secondary. Primary aortic fistulae
most often arise due to aneurysmal disease, although other
causes including inflammation, infection, foreign body, or tu-
mor involving neighboring structures may lead to fistula for-
mation. Secondary fistulae are those that arise as a complica-
tion of aortic surgery and are, overall, much more common
than primary aortic fistulae. Although aortic fistulae may be
clinically occult, patients can present with hematemesis,
melena, hemoptysis, hematuria, abdominal pain, or chest pain;
the specific presenting symptoms are dependent on the struc-
ture involved with the fistula (Table 1). These fistulae can be
life threatening given the potential for exsanguination.
Therefore, it is essential that the emergency radiologist be
familiar with these conditions as imaging plays a key role in
diagnosis and facilitates prompt treatment. Furthermore, im-
aging is frequently performed for a non-specific clinical pre-
sentation where there is little or no pre-test suspicion of an
aortic or arterial fistula and the radiologist may be the initial
physician to raise awareness of this diagnosis. As active con-
trast extravasation from the aorta to the fistulized structure is
an exceptional feature usually seen with ongoing exsanguina-
tion, this review will focus on the more common, but also
more subtle, secondary imaging features of aortic fistulae.

Imaging

Computed tomography (CT) is the preferred imaging modal-
ity for diagnosing aortic fistulae given its image acquisition
speed and availability in the emergency setting. In addition,
CT allows for detection of subtle foci of gas which can be a
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key finding in suggesting an aortic fistula. A CT protocol
specific for aortic fistulae is difficult to implement as clinical
suspicion may not be high prior to imaging. Nevertheless,
multiphase CT angiography is preferred when feasible. Oral
contrast should be avoided as it may obscure subtle contrast
extravasation into the bowel lumen. Obtaining a non-contrast
series can be helpful to differentiate contrast extravasation
from high-attenuation material in the bowel lumen, surgical
material, or vascular calcifications. Post-contrast images
should be obtained in the arterial phase for optimal
opacification of the aorta [3]. Delayed images can be helpful
for detecting flow in the fistulous tract or accumulation of
contrast within connecting structures [4]. At our institution,
CT evaluation of the aorta consists of unenhanced scanning
with 5-mm slice thickness followed by arterial-phase CT per-
formed with bolus tracking and 1-mm slice thickness. When
there is specific suspicion of an aortic fistula or the patient has
an aortic graft, 80-s delayed imaging is also obtained [5].

Magnetic resonance (MR) is an alternative modality, al-
though given the acuity of this indication, MR availability,
exam length, and the requirement for patient cooperation
and repeated breath-holds limit the use of MRI in evaluating
aortic fistulae. In a study from 1987whereMRwas performed
for follow-up of surgically treated aortic pathology, indirect
signs of an aortoenteric fistula were present in one of two
cases [6]. If modern MR equipment is used for evaluation of
a patient with a suspected aortic fistula, the diagnosis will
most likely be evident on pre- and post-contrast dynamic
T1-weighted imaging using principles similar to multiphase
CT imaging [7, 8]. If available, time-resolved magnetic reso-
nance angiography may also be helpful for showing flow be-
tween the aorta and adjacent structures [8].

Other imaging modalities that can be used to detect and
characterize aortic fistulae include catheter angiography and
fluoroscopic studies with water-soluble contrast [9]. However,
these modalities are not generally as sensitive, nor as practical
as CT when evaluating for aortic fistulae in the emergency
setting. Ultrasound is rarely indicated for the diagnosis of
aortoenteric fistulae given user variability. Additionally, visu-
alization of the aorta can be difficult due to bowel gas or in
patients with large body habitus. Although not indicated to
evaluate for fistulae, nuclear medicine scintigraphy using
Indium-111-labeled white blood cells can assist in the detec-
tion of perigraft infection.

Aortobronchial fistulae

An aortobronchial fistula represents a communication be-
tween the aorta and the airway, typically between the mem-
branous wall of the left mainstem bronchus and the descend-
ing aorta given the close proximity of these two structures.
The patient can present with hemoptysis with a range of se-
verity from low to high volume that may be life threatening.T
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Special attention to a history of thoracic aortic disease or prior
surgery may be a clue to an underlying aortobronchial fistula
and prompt a clinician to request a CT. Overall, CT has shown
to be efficacious in the detection of the cause of hemoptysis
[10]. Bypassing CT to go straight to bronchoscopy may local-
ize bleeding, but fail to diagnose the cause [11]. Risk factors
for the development of an aortobronchial fistula include tho-
racic aortic aneurysm, treated or untreated, and prior cardiac
or other thoracic surgery [12]. In addition, mediastinal inflam-
matory processes as well as primary pulmonary, bronchial, or
metastatic neoplasms may be causative [13, 14].

In the setting of an aortobronchial fistula, the chest radio-
graph can suggest aortic enlargement or can demonstrate air-
space disease adjacent to the aorta. On CT, findings of an
aortobronchial fistula include an irregular aortic outpouching
and loss of the normal fat plane between the aorta and airway
(Fig. 1). Debris, typically high in attenuation reflecting hem-
orrhage, or rarely active extravasation of contrast, may be seen
within the airway. Prior to the development of a frank com-
munication, fat stranding and inflammation in the intervening
space separating the aorta and bronchus may be an early find-
ing. Pulmonary findings of ground glass and tree-in-bud nod-
ules represent the downstream aspirated hemorrhage.
Pneumothorax may also be present if the fistula is more com-
plex and involves a communication with the pleural cavity.

It is important to recognize that patients with an
aortobronchial fistula often have intermittent bleeding, and
the frank communication between the aorta and bronchus is
often not identified at the time of imaging. Therefore, utiliza-
tion of signs such as direct abutment of the aorta and bron-
chus, surrounding inflammation, or evidence of associated
aspirated blood products can be used to suggest the diagnosis,
even if the communication is not directly seen. A high index
of suspicion is paramount, as even with optimal imaging,
aortobronchial fistulae are occasionally discovered only at
surgery or worse, at autopsy where it is discovered greater
than 30% of the time [15]. Treatment of aortobronchial fistula
is increasingly being performed with endovascular aortic stent
graft insertion [16].

Aortoenteric fistulae

Aortoenteric fistulae classically present with abdominal pain,
gastrointestinal bleeding, and a pulsatile abdominal mass, al-
though this is an uncommon presentation. Primary
aortoenteric fistulae arise most commonly from aortic aneu-
rysms but may be seen with infection, malignancy, foreign
bodies, radiation, or inflammatory processes [17]. Secondary
aortoenteric fistulae, arising after abdominal aortic aneurysm
(AAA) repair, are approximately ten times more common than
primary fistulae and are more commonly associated with open
repairs. The most common location of secondary fistula for-
mation is at the superior mesenteric artery angle with a

communication forming between the aorta and the transverse
duodenum. Secondary fistulae may be related to chronic low-
grade infection of the aortic graft and repetitive pressure on the
intestine from aortic pulsations [18, 19]. In patients undergo-
ing routine post-operative imaging for monitoring of AAA
repair, the diagnosis may be suggested prior to development
of clinical symptoms [20].

CT findings of aortoenteric fistulae include perigraft gas
persisting greater than 4 weeks post-operatively, aortic wall
disruption, gas within the aortic lumen, or contrast extravasa-
tion into the bowel lumen [3, 18, 21]. If the study is performed
with oral contrast, leak of contrast from the bowel into the
periaortic space would also suggest the presence of an
aortoenteric fistula [22]. Findings that may be seen in both
perigraft infection and aortoenteric fistulae include loss of
the fat plane between the aorta and bowel (Fig. 2), focal bowel
wall thickening, bowel tethering to the aorta, perigraft fluid or
soft tissue thickening greater than 3 months after repair, or
aortic pseudoaneurysm [23]. Downstream intraluminal clot
may be identified as a secondary sign.

Aortoenteric fistulae remain a lethal condition with mortal-
ity rates up to 44 % even with prompt open repair [24]. The
treatment is usually resection of the infected/fistulized graft
along with extra-anatomic bypass; without treatment, mortal-
ity is essentially 100 % [25]. Many patients with an
aortoenteric fistula present with an episode of self-limited
hemorrhage known as a Bsentinel^ or Bherald^ bleed. These
self-limited bleeds serve as a clinical warning sign of more
life-threatening hemorrhage and afford time for imaging, lo-
calization, and surgical planning.

Aortoesophageal fistulae

Aortoesophageal fistulae, a subset of aortoenteric fistulae,
have unique clinical and imaging features. Aortoesophageal
fistulae can present with upper gastrointestinal bleeding and

Fig. 1 Sagittal CT image demonstrating effacement of the plane between
the left mainstem bronchus and thoracic aorta (arrow) with a focal
contour deformity of the aortic wall. Of note, this is not a ductus
diverticulum as it arises distal to the left subclavian artery origin. This is
a case of aortobronchial fistula
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occasionally frank hematemesis. The presence of bright red
arterial blood may be helpful clinically to distinguish an
aortoesophageal fistula from esophageal variceal or gastric
bleeding, both of which tend to be darker. Although the classic
Chiari triad of a sentinel bleed, chest pain, and an asymptom-
atic interval followed by massive fatal hematemesis was ini-
tially described for aortoesophageal fistulae secondary to for-
eign body ingestions, other etiologies may display some of
these clinical features [2, 26]. Diagnosis before the final ex-
sanguinating event may be achieved with imaging. Unlike
most other aortic fistulae, aortoesophageal fistulae are more
commonly primary with thoracic aortic aneurysms being the
leading etiology followed by esophageal foreign bodies and
esophageal malignancy [2]. The descending aorta is the most
common location of fistulization with the esophagus given the
proximity of the two structures.

CT findings of an aortoesophageal fistula include an irregu-
lar outpouching of the aorta and effacement of the fat plane
between the aorta and esophagus particularly at a site of an
aortic aneurysm [27]. Other signs include gas in or around the
aorta and rarely extension of oral or arterial contrast between
the two structures (Fig. 3). Anterior displacement of the esoph-
agus by an aortic aneurysm on barium esophagram has been
described [2, 28] as well. Downstream high-attenuation mate-
rial or contrast in the distal esophagus or stomach representing
clot or rarely extravasated contrast may also be seen [29]. An
unenhanced scan not only allows detection of confounding cal-
cification but also allows for improved detection of foreign
bodies which may prove an invaluable clue to the diagnosis
[30]. Delayed enhanced CT will not only improve sensitivity
for extravasation but will also improve sensitivity for detection
of esophageal malignancy as a possible etiology [31].

The treatment of aortoesophageal fistulae involves a com-
bination of endovascular and surgical techniques, and mortal-
ity is high [32]. When pre-test suspicion is high, one should
consider CT tailored toward the diagnosis of an aortic fistula
to facilitate diagnosis and expedite the treatment of this deadly
condition.

Aortovenous fistulae

Aortovenous fistulae most commonly arise as a result of rup-
ture of an aortic aneurysm into an adjacent venous structure.
Other causes, including trauma, are also possible. The most
common location is the inferior vena cava followed by the
iliac veins and left renal vein. When the left renal vein is
involved, it is typically a retroaortic left renal vein [33].
Clinically, the patient may present with congestive heart fail-
ure due to high-output left to right shunting, a pulsatile ab-
dominal mass, abdominal or back pain, shock, pelvic and leg
venous congestion, or arterial insufficiency [34]. If the left
renal vein is the site of fistula, acute kidney injury may result.
A suggestive physical exam finding is the continuous abdom-
inal bruit.

CT imaging findings of aortovenous fistulae are loss of the
fat plane between the aorta and suspected vein, dilation of the
outflow vein, early venous filling with contrast, and
perivascular hematoma (Fig. 4). In patients with aneurysms,
close evaluation of the margins of the aneurysm where it is
adjacent to other vascular structures is warranted. In the pel-
vis, where there is a contralateral comparison, asymmetric
vascular contrast opacification may be a helpful finding.
Ultrasound is a useful diagnostic test in this context and may
show an arterialized venous waveform and low-resistance ar-
terial waveform just proximal to or at the site of the fistula. In
addition, tissue vibration and turbulent vascular flow may be
seen.

Treatments include open repair and endovascular methods
in patients with conducive iliac and femoral artery anatomy.
Aortovenous fistulae may be only detected at the time of

Fig. 3 Sagittal CT image demonstrating a direct communication between
the retrograde filling false lumen of a descending thoracic aortic
dissection and the esophagus with extravasated contrast entering the
esophageal lumen (arrow). An endovascular stent is seen in the true
lumen. This is a surgically proven case of aortoesophageal fistula

Fig. 2 Transverse CT image showing effacement of the fat plane
between the aorta and duodenum with air in the aortic wall (arrow), a
classic appearance of an aortoenteric fistula
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surgery and, if not recognized, often lead to worse outcomes
[34]. With the trend toward endovascular repair methods for
aneurysm treatment, endovascular repair with stent graft in-
sertion is becoming more common [35].

Arterioureteral fistulae

Arterioureteral fistulae are abnormal communications be-
tween arterial structures and a ureter and differ from the other
entities discussed as the process leading to fistulization more
commonly arises secondarily from the ureter rather than pri-
marily from aneurysmal vascular disease. Arterioureteral fis-
tulae arise most frequently at the common iliac arteries but
may arise anywhere along the course of the ureters [36].
Patients with a history of extensive pelvic surgery or radiation
presenting with flank pain, gross hematuria, and shock should
raise suspicion for an arterioureteral fistula. In patients with
ureteral stents, an arterioureteral fistula may be unmasked
during stent exchange [37]. As the diagnosis may be
intraprocedural, many patients are evaluated and treated in
the intervention suite or operating room before further diag-
nostic imaging is performed.

In an unsuspected arterioureteral fistula, CT may be
employed for evaluation of hematuria as the hematuria may
be intermittent. In a review of published cases, CTwas helpful
in less than half of cases although it was similar in utility to
ureteroscopy and ureterography. Angiography was the most
helpful pre-operative test [38]. When performed, routine por-
tal venous phase contrast-enhanced CT is most frequently
done; excretory phase CT may also be helpful. The CT find-
ings include loss of the fat plane between the ureter and an
adjacent artery and a focal contour abnormality of the artery at
the level of the ureter (Fig. 5) [39]. Hydronephrosis,
hydroureter, and clot in the renal pelvis are secondary signs
which should raise suspicion of an arterioureteral fistula, but
are not specific and seen far more commonly in alternate

diagnoses. Excretory phase CT may demonstrate ureteral ir-
regularity or ureteral filling defects. A direct communication
or extravasation on CT may conceivably be seen although to
our knowledge have not been reported.

Treatment for arterioureteral fistulae is challenging, and a
multidisciplinary approach involving interventional radiolo-
gy, vascular surgery, and urology is generally needed. A plan
for treatment of both the arterial and ureteral components of
the fistula is required. A covered arterial stent graft is frequent-
ly used to occlude the fistula without directly treating the
ureter [39]. Given the spectrum of native anatomy, prior sur-
gery, or radiation, one must consider a wide range of tech-
niques from embolization to ligation and extra-anatomic

Fig. 5 Apatient with an ileal conduit and bright red hematuria underwent
CT for further evaluation. a Transverse CT image showing a mildly
dilated left ureter crossing the left common iliac artery (arrow) with
effacement of the intervening fat plane. b Oblique coronal CT image
showing an outpouching of the left common iliac artery where it is
crossed by the ureter (arrow) which continues into the ileal conduit. c
Transverse CT image after intervention showing a covered stent in the left
common iliac artery and resolution of the arterial outpouching and
ureteral dilation

Fig. 4 Transverse CT image showing loss of intervening fat plane and a
direct communication (arrow) between the descending abdominal aorta
and a retroperitoneal vein due to an aortovenous fistula
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bypass of the involved artery [40]. An important consideration
for ureteral treatment is the need to permanently remove an
indwelling stent which may mandate other methods of urinary
diversion such as percutaneous nephrostomy tubes [38].

Potential mimics

Aortic and arterial fistulization are rare processes; potential
mimics will be frequently encountered. As the use of elective
surgical repair of abdominal and thoracic aortic aneurysms in-
creases, perigraft infection, a diagnosis with overlapping imag-
ing findings, is more common than a fistula [21]. It should also
be noted that in the immediate post-operative period, perigraft
soft tissue thickening and perigraft gas are expected findings
and can persist for 3 months and 4 weeks, respectively (Fig. 6)
[21]. Recognition of these normal post-operative findings is
important as it will prevent incorrectly suggesting that a fistula
or infection is present in the early post-operative phase. For the
radiologist, distinguishing between aortic fistulae and perigraft
infection is difficult. Rather than making a definitive distinction

between these two entities, including both of them in the dif-
ferential diagnosis should be the goal in imaging as treatments
for both are similar. Symptomatology and laboratory features
(i.e., anemia, leukocytosis, elevated inflammatory markers) are
also useful in distinguishing between these two diagnoses on a
clinical level.

Other clinical entities unrelated to recent aortic grafting may
mimic aortic fistulae. When the center of the disease process is
the aorta or its wall without ancillary findings in adjacent or-
gans, one should consider an infectious or inflammatory aortitis
as the most likely diagnosis (Fig. 7). The most common cause
of inflammatory aortitis are the large vessel vasculitides
Takayasu arteritis and giant cell arteritis; infectious aortitis
may occur in the setting of bacteremia from many causes.
Esophageal, mediastinal, and retroperitoneal inflammatory
conditionsmay also potentially overlap with aortic fistulae clin-
ically and radiographically [41]. For instance, retroperitoneal
fibrosis, which can affect the aorta, duodenum, and other ret-
roperitoneal structures, can obliterate the normal retroperitoneal
fat planes and lead to soft tissue thickening around the aorta
without aortic fistula formation (Fig. 8). Similarly, Erdheim-
Chester disease, an infiltrative histiocytic condition, or lympho-
ma may both cause a rind of periaortic soft tissue, and imaging
features of other organ involvement or lymphadenopathy may
alert the radiologist to the alternate diagnosis.

Conclusion

Aortic or arterial fistulization with surrounding thoracic and
abdominal structures is a rare but life-threatening condition

Fig. 6 Transverse CT image demonstrating air in the aneurysm sac
(arrow) greater than 3 months after a stent graft repair; this graft
infection was surgically proved and should not be mistaken for an
aortoenteric fistula given the lack of adjacent organ involvement

Fig. 7 Transverse CT image showing an outpouching of the right lateral
aspect of the abdominal aorta with inflammatory thickening of the aortic
wall (arrow); this is a surgically proven mycotic aneurysm and should not
be confused for a fistula as the inflammation is centered in the aortic wall

Fig. 8 Transverse CT image showing enhancing soft tissue surrounding
the right side of the aorta (arrow) with tethering of the duodenum and loss
of the intervening fat plane; this is biopsy-proven retroperitoneal fibrosis
which should be suggested given mesenteric root inflammation.
Aortoenteric fistula would be unlikely given this appearance especially
in the absence of prior surgery
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that warrants awareness of the CT findings and their signifi-
cance. Classic clinical presentations are uncommon, although
knowledge of symptom patterns may raise awareness before
emergent diagnostic imaging is performed. Familiarity with
secondary signs of aortic fistulae on CT imaging and potential
mimics allows the radiologist to act promptly and appropri-
ately in a condition where expedient intervention is critical to
patient survival.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. MacIntosh EL, Parrott JC, Unruh HW (1991) Fistulas between the
aorta and tracheobronchial tree. Ann Thorac Surg 51(3):515–519

2. Hollander JE,QuickG (1991)Aortoesophageal fistula: a comprehensive
review of the literature. Am J Med 91(3):279–287

3. Vu QD, Menias CO, Bhalla S, Peterson C, Wang LL, Balfe DM
(2009) Aortoenteric fistulas: CT features and potential mimics.
Radiographics 29(1):197–209

4. PuvaneswaryM,CuganesanR (2003)Detection of aortoenteric fistula
with helical CT. Australas Radiol 47(1):67–69

5. Iezzi R, Santoro M, Dattesi R, Pirro F, Nestola M, Spigonardo F,
Cotroneo AR, Bonomo L (2012) Multi-detector CT angiographic
imaging in the follow-up of patients after endovascular abdominal
aortic aneurysm repair (EVAR). Insights Imaging 3(4):313–321

6. AuffermannW, Olofsson P, Stoney R, Higgins CB (1987)MR imaging
of complications of aortic surgery. JComputAssist Tomo11(6):982–989

7. GarciaA, Ferreiros J, SantamariaM,BustosA,Abades JL, Santamaria
N (2006) MR angiographic evaluation of complications in surgically
treated type A aortic dissection. Radiographics 26(4):981–992

8. Stojanovska J, Rodriguez K, Mueller GC, Agarwal PP (2015) MR
imaging of the thoracic aorta. Magn Reson Imaging C 23(2):273–291

9. Pickhardt PJ, Bhalla S, Balfe DM (2002) Acquired gastrointestinal
fistulas: classification, etiologies, and imaging evaluation. Radiology
224(1):9–23

10. Set PA, Flower CD, Smith IE, Chan AP, Twentyman OP, Shneerson
JM (1993) Hemoptysis: comparative study of the role of CT and
fiberoptic bronchoscopy. Radiology 189(3):677–680

11. Revel MP, Fournier LS, Hennebicque AS, Cuenod CA, Meyer G,
Reynaud P, Frija G (2002) Can CT replace bronchoscopy in the de-
tection of the site and cause of bleeding in patients with large or
massive hemoptysis? Am J Roentgenol 179(5):1217–1224

12. Coblentz CL, Sallee DS, Chiles C (1988) Aortobronchopulmonary
fistula complicating aortic aneurysm: diagnosis in four cases. Am J
Roentgenol 150(3):535–538

13. Masjedi MR, Davoodian P, Forouzesh M, Abttahi SJ (1988) Broncho-
aortic fistula secondary to pulmonary tuberculosis. Chest 94(1):199–200

14. Mosquera VX, Marini M, Pombo-Felipe F, Gomez-Martinez P,
Velasco C, Herrera-Norena JM, Cuenca-Castillo JJ (2014) Predictors
of outcome and different management of aortobronchial and
aortoesophageal fistulas. J Thorac Cardiov Sur 148(6):3020–3026
e3021-3022

15. Kokotsakis J, Misthos P, Athanasiou T, Romana C, Skouteli E,
Lioulias A, Kaskarelis I (2007) Endovascular stenting for primary
aortobronchial fistula in association with massive hemoptysis. Tex
Heart I J 34(3):369–372

16. Thompson CS, Ramaiah VG, Rodriquez-Lopez JA, Vranic M, Ravi
R, DiMugno L, Shafique S, Olsen D, Diethrich EB (2002)
Endoluminal stent graft repair of aortobronchial fistulas. J Vasc Surg
35(2):387–391

17. Saers SJ, Scheltinga MR (2005) Primary aortoenteric fistula. Brit J
Surg 92(2):143–152

18. Hagspiel KD, Turba UC, Bozlar U, Harthun NL, Cherry KJ, Ahmed
H, Bickston SJ, Angle JF (2007) Diagnosis of aortoenteric fistulas
with CT angiography. J Vascular Interv Radiol 18(4):497–504

19. Mark AS, Moss AA, McCarthy S, McCowin M (1985) CT of
aortoenteric fistulas. Investig Radiol 20(3):272–275

20. Reilly LM, Altman H, Lusby RJ, Kersh RA, Ehrenfeld WK, Stoney
RJ (1984) Late results following surgicalmanagement of vascular graft
infection. J Vasc Surg 1(1):36–44

21. LowRN,Wall SD, Jeffrey RB Jr, Sollitto RA, Reilly LM, Tierney LM
Jr (1990) Aortoenteric fistula and perigraft infection: evaluation with
CT. Radiology 175(1):157–162

22. Peirce RM, Jenkins RH, Maceneaney P (2005) Paraprosthetic extrav-
asation of enteric contrast: a rare and direct sign of secondary
aortoenteric fistula. Am J Roentgenol 184(3 Suppl):S73–S74

23. Orton DF, LeVeen RF, Saigh JA, Culp WC, Fidler JL, Lynch TJ,
Goertzen TC, McCowan TC (2000) Aortic prosthetic graft infections:
radiologic manifestations and implications for management.
Radiographics 20(4):977–993

24. Deijen CL, Smulders YM, Coveliers HM, Wisselink W, Rauwerda
JA, Hoksbergen AW (2016) The importance of early diagnosis and
treatment of patients with aortoenteric fistulas presenting with herald
bleeds. Ann Vasc Surg Jul 13. doi:10.1016/j.avsg.2016.03.028

25. Pipinos II, Carr JA, Haithcock BE, Anagnostopoulos PV, Dossa CD,
Reddy DJ (2000) Secondary aortoenteric fistula. Ann Vascular Surg
14(6):688–696

26. Carter R, Mulder GA, Snyder EN Jr, Brewer LA III (1978)
Aortoesophageal fistula. Am J Surg 136(1):26–30

27. Young CA, Menias CO, Bhalla S, Prasad SR (2008) CT features of
esophageal emergencies. Radiographics 28(6):1541–1553

28. Baron RL, Koehler RE, Gutierrez FR, Forrest JV, Weyman PJ (1981)
Clinical and radiographic manifestations of aortoesophageal fistulas.
Radiology 141(3):599–605

29. Artigas JM, Marti M, Soto JA, Esteban H, Pinilla I, Guillen E (2013)
Multidetector CTangiography for acute gastrointestinal bleeding: tech-
nique and findings. Radiographics 33(5):1453–1470

30. Kim EY, Min YG, Bista AB, Park KJ, Kang DK, Sun JS (2015)
Usefulness of ultralow-dose (Submillisievert) chest CT using iterative
reconstruction for initial evaluation of sharp fish bone esophageal foreign
body. Am J Roentgenol 205(5):985–990

31. Halvorsen RA Jr, Thompson WM (1987) Computed tomographic
staging of gastrointestinal tract malignancies. Part I. Esophagus and
stomach. Investig Radiol 22(1):2–16

32. Kieffer E, Chiche L, Gomes D (2003) Aortoesophageal fistula: value
of in situ aortic allograft replacement. Ann Surg 238(2):283–290

33. Mansour MA, Rutherford RB, Metcalf RK, Pearce WH (1991)
Spontaneous aorto-left renal vein fistula: the Babdominal pain, hema-
turia, silent left kidney^ syndrome. Surgery 109(1):101–106

34. Davidovic L, Dragas M, Cvetkovic S, Kostic D, Cinara I, Banzic I
(2011) Twenty years of experience in the treatment of spontaneous
aorto-venous fistulas in a developing country. World J Surg 35(8):
1829–1834

35. Janczak D, Chabowski M, Szydelko T, Garcarek J (2014)
Endovascular exclusion of a large spontaneous aortocaval fistula in
a patient with a ruptured aortic aneurysm. Vascular 22(3):202–205

36. Das A, Lewandoski P, Laganosky D, Walton J, Shenot P (2016)
Ureteroarterial fistula: a review of the literature. Vascular 24(2):203–207

37. Madoff DC, Gupta S, Toombs BD, Skolkin MD, Charnsangavej C,
Morello FA Jr, Ahrar K, Hicks ME (2004) Arterioureteral fistulas: a
clinical, diagnostic, and therapeutic dilemma. Am J Roentgenol
182(5):1241–1250

Emerg Radiol (2017) 24:73–80 79

http://dx.doi.org/10.1016/j.avsg.2016.03.028


38. van den Bergh RC, Moll FL, de Vries JP, Lock TM (2009)
Arterioureteral fistulas: unusual suspects—systematic review of 139
cases. Urology 74(2):251–255

39. Okada T, YamaguchiM,Muradi A, NomuraY, Uotani K, Idoguchi K,
Miyamoto N, Kawasaki R, Taniguchi T, Okita Y, Sugimoto K (2013)
Long-term results of endovascular stent graft placement of
ureteroarterial fistula. Cardiovasc Inter Rad 36(4):950–956

40. Quillin SP, Darcy MD, Picus D (1994) Angiographic evaluation and
therapy of ureteroarterial fistulas. Am J Roentgenol 162(4):873–878

41. Katabathina VS, Restrepo CS, Martinez-Jimenez S, Riascos RF
(2011) Nonvascular, nontraumatic mediastinal emergencies in adults:
a comprehensive review of imaging findings. Radiographics 31(4):
1141–1160

80 Emerg Radiol (2017) 24:73–80


	The red connection: a review of aortic and arterial fistulae with an emphasis on CT findings
	Abstract
	Introduction
	Imaging
	Aortobronchial fistulae
	Aortoenteric fistulae
	Aortoesophageal fistulae
	Aortovenous fistulae
	Arterioureteral fistulae
	Potential mimics

	Conclusion
	References


