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Abstract
A fistula is an abnormal vascular connection leading to 
diversion of blood from a high resistance arterial circuit 
to low resistance venous circuit. Coronary artery fistu-
las are abnormal communications of the coronary ar-
tery with a chamber of the heart, or with any segment 
of systemic or pulmonary circulation, bypassing the 
myocardial capillaries. Other unusual fistulas include 
connection between aorta and the right atrium/superior 
vena cava, aorta and the inferior vena cava or between 
a coronary artery bypass graft and a cardiac vein. Ab-
normal connections also include origin of the coronary 
artery from the pulmonary artery. In this article, we 
review the imaging, particularly computed tomography 
and magnetic resonance imaging of unusual fistulas 
and connections involving the cardiovascular system, 
particularly the coronary arteries and the aorta.
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Core tip: Computed tomography and magnetic reso-
nance imaging are very useful imaging modalities in 

determining the type and demonstrating the anatomy 
of these fistulas, which is essential for surgical/inter-
ventional planning. Careful analysis in multiple planes 
and three-dimensional reconstruction is required for 
comprehensive evaluation of fistulas. Treatment de-
pends on the symptoms and the anatomy.
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INTRODUCTION
An arteriovenous (AV) fistula is an abnormal communi-
cation between an artery and vein, which results in the 
shunting of  blood from the high-resistance arterial circuit 
to the low-resistance venous circuits. AV fistulas involving 
the coronary arteries and the aorta are rare. AV fistulas 
can be either congenital or acquired secondary to surger-
ies or interventions. In this article, we review the imaging, 
particularly computed tomography (CT) and magnetic 
resonance imaging (MRI) of  unusual fistulas and connec-
tions involving the cardiovascular system, particularly the 
coronary arteries and the aorta.

PATHOPHYSIOLOGY
AV fistula leads to decreased peripheral resistance and 
increased venous resistance, venous pressure and volume. 
This results in higher heart rate, stroke volume, cardiac 
output and cardiac work in order to compensate for the 
lack of  perfusion. If  left untreated, this may be followed 
by myocardial hypertrophy, dilation, and then hyper-
dynamic cardiac failure. Also, the decreased arterial perfu-
sion distal to fistula may raise the renal venous pressure 
and decrease the arterial perfusion pressure resulting in 
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activation of  the renin-angiotensin system, increasing al-
dosterone and causing plasma expansion. This creates an 
abnormal low-resistance circuit that steals from the high-
resistance normal capillary bed circuit which can cause 
tissue ischemia.

ROLE OF IMAGING
Imaging plays an important role in the diagnosis and 
management of  these fistulas. Coronary angiography is 
the traditional technique used in the evaluation of  coro-
nary fistulas, although identification of  the exact site of  
drainage is often difficult, since it is usually into a low 
pressure chambers, with significant dilution of  radio-
graphic contrast[1]. Coronary angiography is an invasive 
procedure and does not provide three-dimensional (3D) 
information, particularly the exact anatomy and relation-
ship to adjacent structures, which is vital in surgical plan-
ning. Echocardiography has a limited role in the evalua-
tion of  coronary fistulas, especially in demonstration of  
the anatomy and drainage. Transesophageal echocardiog-
raphy has higher accuracy than transthoracic echocar-
diography. Color-flow Doppler demonstrates flow abnor-
malities within the fistula.

Cross sectional modalities such as CT and MRI are 
the most useful imaging modalities in diagnosis and accu-
rate characterization of  cardiovascular fistulas. Both these 
modalities have high spatial and temporal resolutions, 
multi-planar imaging/reconstruction capabilities and 
wide field of  view. CT is more widely available in many 
centers and can be performed rapidly, often without the 
need for any sedation/anesthesia even in children. CT 
angiography has high spatial and temporal resolution and 
is performed with intravenous contrast and with ECG 
gating to avoid motion artifacts. Radiation dose can be 
minimized by using several techniques such as prospec-
tive ECG triggering, retrospective ECG gating with tube 
current modulation, automatic tube current modulation, 
low kilovoltage, and iterative reconstruction algorithms. 
Multi-planar reformats and 3D reconstruction techniques 
such as volume rendering and surface shading enable 
exquisite demonstration of  the anatomy of  the fistulas, 
which is essential for surgical/interventional planning. 
CT scan has been shown to have high sensitivity of  up to 
87% compared to coronary angiography in the detection 
of  coronary artery fistulas, with a lower sensitivity of  
58% for fistulas draining in cardiac chambers[2]. Disad-
vantages of  CT include the use of  ionizing radiation and 
use of  potentially nephrotoxic contrast media.

 MRI does not involve the use of  ionizing radiation 
or potentially nephrotoxic contrast medium. Anatomic 
information of  the vasculature is obtained with MR angi-
ography, which typically requires the use of  Gadolinium-
based contrast agent but equivalent information can be 
obtained without the use of  contrast medium through 
navigator gated 3D whole-heart steady state free preces-
sion (SSFP) sequences. Anatomical information can be 
obtained using black blood (double inversion recovery) or 

bright blood (cine SSFP) sequences. Flow can be quanti-
fied using phase contrast velocity encoded sequences, 
through the pulmonary artery and aorta, thus giving an 
estimate of  the Qp:Qs ratio (pulmonary to systemic 
flow). Presence of  myocardial ischemia can be identified 
using stress perfusion imaging and infarcts can be identi-
fied using delayed enhancement MRI sequences[3].

CORONARY ARTERY FISTULA
Coronary artery fistula is an abnormal communication 
between the coronary artery with a chamber of  the heart 
(coronary cameral) or with any segment of  systemic or 
pulmonary circulation (coronary AV fistula) close to the 
heart, bypassing the myocardial capillaries. Coronary 
artery fistulas are typically congenital but may also be 
acquired following trauma or invasive cardiac proce-
dures (pacemaker, endomyocardial biopsy, coronary 
angiography, septal myomectomy). Congenital coronary 
artery fistulas are very rare, accounting for 0.2%-0.4% of  
congenital cardiac abnormalities[4]. It has been reported 
in 0.05%-0.25% of  patients undergoing coronary angi-
ography, with an estimated prevalence of  0.002% in the 
general population[5]. Pathologically, it is characterized by 
dilation of  involved vessel, thinned fistulous wall, throm-
bosis, atherosclerotic changes, myocardial hypertrophy 
and fibrosis[6].

As discussed above, the communication of  the coro-
nary artery could be with the lumen of  a cardiac chamber 
(right ventricle -41%, right atrium -26%, left atrium -5%, 
left ventricle -3%), coronary sinus (7%), superior vena 
cava (SVC) (1%), pulmonary artery (17%) or the pulmo-
nary vein. 90% of  venous drainage is seen into the sys-
temic venous side[7]. The right coronary artery is the most 
common artery involved in fistulous formation (50% of  
cases) and is often symptomatic. Left coronary artery 
accounts for 42% of  fistulas and is often asymptomatic. 
Both right coronary artery (RCA) and left coronary ar-
tery (LCA) are involved in 5% of  cases[5]. Majority of  
fistulas are single, but multiple and complex fistulas have 
been reported. Cardiovascular anomalies are associated in 
5%-30% of  cases[6].

Left-to-right shunt is seen in 90% of  cases[7]; howev-
er, the shunt ratio is not large, as a result of  which most 
patients are asymptomatic, especially in the adult popula-
tion. Pediatric patients are usually symptomatic[7]. Clinical 
presentations include-continuous heart murmur, dyspnea, 
orthopnea, right ventricular dysfunction/failure, fatigue, 
chest pain, endocarditis, stroke, arrhythmias, myocardial 
ischemia/infarction due to coronary steal, pericardial ef-
fusion or sudden death. Larger shunts are complicated 
by cardiac failure, pulmonary hypertension, thrombosis, 
rupture, or aneurysm.

Coronary artery fistulas are conservatively treated with 
imaging follow up in asymptomatic patients. Spontaneous 
thrombosis has been reported in few patients (1%-2%)[5]. 
Medical treatment includes anti platelet therapy and 
antibiotic prophylaxis for infective endocarditis. Some 
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centers perform closure even in asymptomatic patients 
to avoid long term morbidity and mortality[2]. Definitive 
repair can be performed using surgical ligation or percu-
taneous techniques such as transcatheter embolization of  
the fistulous connection using detachable platinum coils 
or polytetrafluoroehylene-covered coronary artery stent 
grafts, both of  which have been shown to have similar 
outcomes[8]. Surgery is performed in larger fistulas, larger 
flow, multiple fistulas, complex fistulas, aneurysm, or 

large vascular branches. Embolization is performed in 
single drainage, proximal fistulous vessel, termination 
away from coronary arteries, absence of  associated disor-
ders requiring surgery, and older age. Imaging is used for 
follow up after surgery/intervention to ensure there is 
complete closure of  fistula and no recanalization[5].

Coronary artery-cameral fistula
This is the most common type of  coronary artery fistula, 
resulting in communication between a coronary artery 
and a cardiac chamber. This is mostly congenital and be-
lieved to be persistent embryonic intratrabecular spaces 
and sinusoids[8]. As discussed above, the most frequent 
chamber involved in this fistula is the right ventricle, fol-
lowed by right atrium, then left atrium and finally the left 
ventricle.

Coronary artery to pulmonary artery fistula
A fistulous communication between the coronary artery 
and the pulmonary artery is the second most common 
type of  coronary artery fistula, accounting for 17% 
of  these cases. Some studies have shown this to be as 
high as 30% of  all fistulas[9]. The RCA is more often 
involved than the LCA as a site of  origin. This fistula is 
often asymptomatic and is only incidentally discovered 
in imaging. CT and MRI show the coronary artery or its 
branches draining into the pulmonary artery (Figure 1). 
On CT, demonstration of  this fistula requires good con-
trast opacification of  the coronary arteries and non-con-
trast opacification of  the pulmonary artery. Evaluation 
might be challenging due to low pressure circulation of  
these fistula causing low blood flow and small caliber of  
fistula[10,11]. Asymptomatic fistulas are managed conserva-
tively by follow up whereas symptomatic fistulas require 
surgery or transcatheter closure.

Coronary artery-coronary sinus fistula
Fistulous communication between the coronary artery 
and the coronary sinus is the third commonest type of  
coronary artery fistula, accounting for 7% of  cases (Fig-
ures 2-4). On CT and MRI, the coronary artery or arter-
ies are dilated and tortuous and a communication with 
the coronary sinus which is dilated can be demonstrated 
(Figure 5). When there is a severely dilated coronary si-
nus, coronary artery fistula should be in the differential 
diagnosis. Other causes of  coronary sinus dilation include 
tricuspid regurgitation, tricuspid stenosis, pulmonary hy-
pertension and right heart dysfunction. Coronary sinus 
is also dilated in the presence of  a persistent left superior 
vena cava (LSVC) draining into the coronary sinus, inter-
rupted inferior vena cava (IVC) with hemiazygos con-
nection to LSVC or hepatic veins to coronary sinus (CS) 
connection, all of  which are not associated with a left-to-
right shunt or unroofed coronary sinus (partial or com-
plete) or total anomalous pulmonary venous connection, 
both of  which are associated with left-to-right shunt[12]. 
In symptomatic patients, fistulas are repaired by surgery 
or percutaneous technique, since spontaneous closure is 
rare[5].
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Figure 1  Coronary to pulmonary artery fistula. A: Axial contrast enhanced 
coronary computed tomography angiography shows left anterior descending 
(LAD) artery (long arrow) and right coronary artery (arrowhead) fistulas draining 
into the pulmonary artery. A jet of contrast (short arrow) is seen emptying into 
the pulmonary artery; B: Three-dimensional volume rendered computed tomog-
raphy image shows the LAD coronary artery crossing anterior to the pulmonary 
artery (PA) to drain into it. AO: Aorta.
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Figure 2  Left anterior descending to coronary sinus fistula. A: Axial coro-
nary computed tomography angiography (CTA) shows dilated, tortuous left 
anterior descending coronary artery (LAD); B: Sagittal reconstructed coronary 
CTA shows a LAD fistula draining into the coronary sinus. Fist: Fistula; CS: 
Coronary sinus; AO: Aorta.
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Occasionally, these fistulas drain into a persistent left 
SVC (Figure 7). Majority of  these fistulas originate from 
the left circumflex artery[14]. CT and MRI are ideal imag-
ing modalities in the demonstration of  these rare fistulas.

Complex coronary fistula
Occasionally coronary artery fistulas can be complex, 
with multiple sites of  origin and drainage, which may be 
challenging to diagnose. Multiple fistulas can be seen in 
11%-16% of  cases[9]. One such case is shown in Figure 
8, which is an arterial- arterial fistula originating from the 
proximal right coronary artery and 1st diagonal branch, 
which terminates in the pulmonary artery. CT and MRI 
with multi-planar and 3D reconstructions are vital in 
precise characterization of  the fistula anatomy, which is 
essential for surgical planning.

ANOMALOUS ORIGIN OF THE 
CORONARY ARTERY FROM PULMONARY 
ARTERY
Anomalous origin of  left coronary artery from pulmo-
nary artery (ALCAPA) is a rare (0.25%-0.5%) congenital 

Coronary artery-SVC fistula
Fistulous communication between coronary artery and 
the SVC is rare, accounting for 1% of  these fistulas[13]. 
Majority of  these fistulas drain into a normal right sided 
SVC (Figure 6), typically originating from the right coro-
nary artery and less commonly the left circumflex artery. 
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Figure 3  Left circumflex coronary artery to coronary sinus fistula. A: Axial coronary computed tomography angiography (CTA) shows dilated, tortuous left cir-
cumflex coronary artery (LCX) due to a LCX fistula (Fist); B: Axial coronary CTA shows the LCX Fist drains into the coronary sinus (CS). PA: Pulmonary artery; AO: 
Aorta; LA: Left atrium; RA: Right atrium; SVC: Superior vena cava.
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Figure 4  Right coronary artery to coronary sinus fistula. Three-dimensional 
volume rendered computed tomography angiography image shows a coronary 
artery fistula between the right coronary artery (RCA) and the coronary sinus 
(CS). 

RCA

CS

Figure 5  Magnetic resonance imaging appearances of coronary artery 
fistula. Short axis steady state free precession magnetic resonance imaging 
image shows dilated, tortuous left anterior descending artery draining into the 
coronary sinus. There is also a small circumferential pericardial effusion.

Figure 6  Right coronary artery to superior vena cava fistula. Axial maxi-
mum intensity projection reconstruction of coronary computed tomography 
angiography shows a fistula (arrow) between the right coronary artery and the 
superior vena cava (SVC).

SVC
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cardiac anomaly[15], with the most common form being 
Bland White Garland syndrome (LCA from pulmonary 
artery) (Figure 9). There are two types of  ALCAPA, the 
infant and adult types. Physiologically, ALCAPA is not a 
major problem during fetal and early neonatal life since 
during this period; the pulmonary artery pressure is simi-
lar to systemic arterial pressure, resulting in antegrade 
coronary flow. However, after birth, the pulmonary arte-
rial pressure decreases resulting in retrograde flow from 
the LCA to the pulmonary artery. Presentation and he-
modynamics depends on the artery involved, myocardial 
distribution, pulmonary resistance, and number and size 
of  collaterals. In the more common infant type, there is 
no development of  collaterals between the RCA and the 
LCA, as a result of  which these vessels are of  normal cal-
iber. Retrograde flow from the LCA to the low pressure 
pulmonary artery is maintained, producing a left-to-right 
shunt. The myocardial hypoperfusion results in myocar-
dial infarction and congestive cardiac failure, leading to 

death in 90% within one year. Adult type is less common 
and is characterized by extensive collateral vessel forma-
tion between RCA and the LCA, resulting in dilation and 
tortuosity of  these vessels. The anomalous vessel acts as 
a vein diverting flow from the normal coronary artery to 
the pulmonary artery, the so called “steal” phenomenon. 
This often results in chronic myocardial ischemia, LV 
dysfunction, mitral regurgitation and arrhythmias, which 
may cause sudden death, seen in 80%-90% of  these 
cases[16].

CT and MRI demonstrate the origin of  the left coro-
nary artery from the main pulmonary artery, usually from 
its left inferolateral aspect just beyond the valvular level. 
In addition, reverse flow from the left coronary artery to 
the pulmonary artery can be demonstrated using phase 
contrast velocity encoded MRI image or with SSFP se-
quence. In neonates, the coronary arteries are of  normal 
size, but in adults the coronary arteries are dilated and 
tortuous due to shunting of  blood from RCA to LCA 
and into pulmonary artery. Prominent intercoronary 
collateral vessels may also be seen. Myocardial damage 
can be evaluated using delayed enhancement sequences, 
which will estimate the extent of  viable myocardium, 
especially in adult patients. Presence of  scarring is also 
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Figure 7  Left circumflex coronary artery to persistent left superior vena cava fistula. A: Axial coronary computed tomography angiography (CTA) image shows 
a fistulous connection (F) between left circumflex artery and a persistent left left circumflex coronary artery (LS) which eventually drained into the coronary sinus; B: 
Sagittal coronary CTA reconstructed images shows fistula (arrow) between the left circumflex artery and persistent left superior vena cava (LS). AO: Aorta; LA: Left 
atrium.
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Figure 8 Complex coronary artery fistula. A and B: 3D volume rendered 
coronary computed tomography angiography shows an arterial-arterial fistula 
originating from the proximal right coronary artery and 1st diagonal branch, 
which terminates in the pulmonary artery. The plexus has an aneurysmal seg-
ment that wraps around the anterior aspect of the main pulmonary artery. There 
is direct communication between the aneurysmal segment and the leftward 
aspect of the proximal MPA. Also, there are multiple smaller branches around 
the aortic root, MPA, ascending aorta, and transverse arch. A branch originating 
from the aortic arch continuous with a small 1.8-cm contrast-filled cavity adja-
cent to the aortic arch, between the trachea and aortic arch.

Figure 9  Anomalous origin of the left coronary artery from the pulmonary 
artery. Axial MIP image shows origin of the left coronary artery (arrow) from the 
main pulmonary artery. PA: Pulmonary artery; AO: Aorta.
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a substrate for arrhythmias. Other MRI findings include 
LV hypertrophy/dilation, wall motion abnormalities and 
mitral regurgitation. Dilated bronchial arteries may also 
be seen. Ideal treatment is reestablishment of  a two coro-
nary artery system, either using coronary button transfer 
(preferred in infants), Takeuchi procedure, or placement 
of  coronary artery bypass graft (CABG) after ligation of  
LCA origin (preferred in adults). Single-coronary system 
repair such as ligation of  LCA is not preferred due to 
higher complications. Percutaneous closure and cardiac 
transplantation are other options[13].

In ARCAPA, there is anomalous origin of  the right 
coronary artery from the pulmonary artery (Figure 10). 
This has an incidence of  0.002% in general population 
compared to 0.008% for ALCAPA[17]. Occasionally, a left 
anterior descending or left circumflex coronary arterial 
branch may originate from the pulmonary artery. Very 
rarely, both coronary arteries may originate from the pul-
monary artery.

BYPASS GRAFT TO CARDIAC VEIN 
FISTULA
A fistulous communication between a CABG and cardiac 

vein is extremely rare, with less than 25 cases reported in 
the literature[18]. It happens more frequently with aorto-
coronary venous bypass grafts than with arterial grafts. 
The fistulous communication can occur either in the im-
mediate post-operative period or may manifest after sev-
eral months or even years[18,19]. This may be asymptomatic 
or present with heart failure, angina, or continuous pre-
cordial murmur. CT or MRI demonstrates the commu-
nication between a coronary artery bypass graft and the 
cardiac vein (Figure 11). Careful analysis is required since 
the communication may be subtle and may be confused 
for a normal anastomosis with a coronary artery. Treat-
ment for small shunts is medical management, whereas 
large shunts which are usually symptomatic require a re-
peat CABG or embolization of  the fistula.

AORTA TO RIGHT ATRIUM FISTULA
A fistulous communication between the aorta and the 
right atrium is rare. This often results from an intimal tear 
near the aortic root, especially in patients with prior car-
diac surgery (1/3 rd of  all cases). Dense pericardial adhe-
sions resulting from the previous surgery contain the free 
rupture and contribute to the formation of  the aorto-
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Figure 10  Anomalous origin of the right coronary artery from the pulmonary artery. A: reconstructed computed tomography angiography (CTA) image shows 
origin of the right coronary artery (RCA) from the main pulmonary artery (PA); B: Axial coronary CTA shows the origin of the RCA from the pulmonary artery. To com-
pensate for this there is dilated left coronary artery (LCA), which provides collateral supply to the RCA circulation. AO: Aorta.
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Figure 11  Coronary artery bypass graft to cardiac vein fistula. A: Coronal coronary computed tomography angiography image shows a fistulous communica-
tion (arrow) between the left internal mammary artery (LIMA) graft and the great cardiac vein (CV); B: 3D volume rendered computed tomography (CT) image shows 
fistulous communication (arrow) between the LIMA graft and the great CV; C: Axial oblique reconstructed 3D volume rendered CT image demonstrates the fistulous 
communication (arrow). 
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right atrial fistula. Also, this may be associated with right 
coronary artery disruption. Rarely, it occurs in patients 
with infective endocarditis (native or prosthetic valve), 
causing rapid bacterial invasion with tissue destruction. 
High intra-aortic pressure promotes progression of  the 
tear towards the outer side of  aortic wall draining into 
the right atrium. This type of  fistula may be seen in any 
of  the sinuses, but less common in the non-coronary 
sinus[20]. It has been reported after transcatheter closure 
of  septal defect[20] and aortic dissection repair[21]. Sixty 
percent of  patients develop heart failure and 40% even-
tually die. On CT, a defect can be demonstrated between 
the aorta and the right atrium. MRI is the ideal modality 
for demonstration of  this fistula, with a dark jet of  flow 
demonstrated on cine SSFP or GRE images (Figure 12). 
The fistula can be closed either by surgery or by trans-
catheter technique.

AORTA TO IVC FISTULA
A fistula between the aorta and the IVC is very rare. It 
can be due to trauma, post-surgery (laminectomy), rup-
tured abdominal aortic aneurysm, infection, connective 

tissue disorders (Marfans, Ehler Danlos), or neoplasms. 
80% of  these fistulas are secondary to ruptured abdomi-
nal aortic aneurysm. This fistula is seen in 3%-6% of  
ruptured abdominal aortic aneurysms[22] and may or may 
not be associated with retroperitoneal hemorrhage. Clini-
cal features include tachycardia, congestive cardiac failure, 
leg swelling, abdominal thrill, machinery type bruit, renal 
failure, or peripheral ischemia. CT and MRI demonstrate 
early contrast opacification of  a dilated IVC, at the same 
time and with similar attenuation to that of  abdominal 
aorta. Loss of  normal anatomic plane between the aorta 
and IVC is also shown (Figure 13). Occasionally, a direct 
communication can be demonstrated between the aorta 
and IVC[23]. The most common site is the distal postero-
lateral aorta and adjacent IVC. Other sites are the aorta 
and iliac veins and aorta and renal vein. Identification of  
the exact site of  the fistulous communication is essential 
for pre-surgical planning and to avoid massive blood loss. 
Surgery is performed immediately, with closure of  fistula 
done from the aneurismal sac or ligation of  infrarenal 
IVC/iliac veins. Complications include dislodgement of  
atheromatous debri or embolization across the fistula 
leading to pulmonary embolism[24]. Endovascular treat-
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Figure 12  Aorta to right atrium fistula. A: Coronal state free precession (SSFP) magnetic resonance imaging (MRI) image in a patient with bicuspid aortic valve and 
infective endocarditis shows a fistulous communication between the aorta (AO) and the right atrium (RA), with a jet of abnormal flow (arrow) demonstrated between 
the aorta and the right atrium; B: Sagittal short axis SSFP MRI image in the same patient shows the fistulous connection (arrow) between the aorta and the right 
atrium. LA: Left atrium.
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Figure 13  Aorta to inferior vena cava fistula. A: Axial contrast computed tomography (CT) of the abdomen in a patient with history of abdominal aortic aneurysm 
(AO) shows similar contrast opacification of the inferior vena cava (IVC). There is a communication demonstrated (arrow) between the aorta and IVC; B: Coronal 
contrast CT of the abdomen demonstrates the site of fistulous communication between the aorta and the distal IVC adjacent to the right common iliac vein; C: Volume 
rendered 3D computed tomography angiography shows fistulous communication (arrow) between the abdominal aorta and IVC.
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ment of  these fistulas has also been reported[25].

CONCLUSION
In this review, we have discussed several unusual types of  
cardiovascular fistulas and abnormal connections involv-
ing the coronary arteries and the aorta. CT and MRI are 
very useful imaging modalities in determining the type 
and demonstrating the anatomy of  these fistulas, which 
is essential for surgical/interventional planning. Care-
ful analysis in multiple planes and 3D reconstruction is 
required for comprehensive evaluation of  fistulas. Treat-
ment depends on the symptoms and the anatomy.
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