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while of no hemodynamic significance (1), knowledge
of anatomic variants of the cardiac venous system, and
namely the coronary sinus (CS), is of great clinical impor-
tance given cardiac interventions that cannulate the CS for
access, such as left ventricular pacing and arrhythmia map-
ping or ablation. In 1966, Mantini et al (2) established a
classification schema for CS abnormalities that included
the following: (2) enlargement of the CS (with and with-
out left-to-right shunts), (4) absence of the CS, (¢) atresia
of the right atrial CS ostium, and () hypoplasia of the CS.
While each of these cardiac anomalies is rare (1,2) and has
been reported individually (1,3), a grouping of any num-
ber of these entities has not yet, to our knowledge, been
described in the literature. Herein, we report a rare case
of a left circumflex coronary artery (LCX)—to-CS fistula,
together with CS ostial atresia (CSOA), CS enlargement,
and a persistent left superior vena cava (PLSVC).

Case Report
A 72-year-old man with a past medical history of congeni-
tal LCX fistula to the CS complicated by atrial fibrillation
visited our institution’s outpatient cardiology clinic after
being lost to follow-up for about 8 years. During previous
visits, he had been evaluated for possible surgical treat-
ment of his fistula, but the cardiologists decided to pro-
ceed with yearly imaging to monitor for interval changes.
He presented with New York Heart Association func-
tional capacity class I and denied any chest pain, short-
ness of breath, or palpitations for the past 10 years. He
underwent 12-lead electrocardiography, which showed a
normal sinus rhythm at 70 beats per minute with a first-
degree atrioventricular and left posterior fascicular block.
The transthoracic echocardiogram revealed a small but
unobstructed left atrium compressed by an aneurysmal

and partially thrombosed CS, measuring 9.0 X 10.4 cm,
and duplicated superior vena cava (SVC). Atresia of the
CS ostium was suspected given the large aneurysm. Thus,
further characterization of the cardiac anatomy and func-
tion was planned with cardiac CT angiography (CTA)
and cardiac four-dimensional (4D) flow MRI.

Cardiac-gated CTA of the chest (Movie 1 for axial, sag-
ittal, and coronal cuts, and Movie 2 for three-dimensional
[3D] reconstruction) showed an aneurysmal and tortuous
LCX with drainage into a partially calcified and partially
thrombosed aneurysm measuring 13.7 X 10.0 X 11.6
cm adjacent to the region of the CS (Fig 1A-1C). The an-
eurysm communicated superiorly with a PLSVC, which
drained via a bridging vein into the right SVC, resulting in
a left-to-right shunt (Fig 2). Atresia of the central portion
of the CS was suspected.

This was also investigated with cardiac 4D flow MRI.
CSOA was verified given that no flow between the CS and
right atrium was identified (Fig 3, Movie 3). Furthermore,
duplicated SVCs were verified with the aneurysmal struc-
ture draining retrograde (cephalad) into a left SVC that
drained via a bridging vein into the right SVC (Fig 4, Mov-
ies 4 and 5). Because the patient had been asymptomatic
for 8 years and the thrombus was partially calcified, the
decision was made not to pursue surgical management and
to continue with serial imaging.

Discussion
We report here a rare case of LCX-to-CS fistula with
CSOA leading to a CS aneurysm with retrograde flow
through a PLSVC. Both coronary artery—to-CS fistulas
and CSOA with PLSVC are individually rare cardiac
anomalies (4,5). To our knowledge, only one such case
of CSOA together with coronary artery fistula to the CS
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Summary

This case report presents a rare grouping of cardiac anomalies includ-
ing a left circumflex coronary artery—to—coronary sinus (CS) fistula,
together with a CS ostial atresia with a resultant aneurysm, and
illustrates the advantage of complementary noninvasive modalities
such as cardiac CT angiography and MRI to assist in diagnosing rare
congenital cardiac defects.

Key Points

m Coronary sinus (CS) abnormalities are rare entities of critical im-
portance due to their use in interventional procedures.

= Complementary noninvasive modalities such as CT angiography
and four-dimensional flow MRI allow for anatomic and functional
assessment of cardiac anomalies for conclusive diagnosis of CS
abnormalities.
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has been described, although this was without aneurysm or a
PLSVC (6). To date, the case presented here is, to our knowl-
edge, the first known multimodality description of a coronary
artery—to-CS fistula, CSOA, and PLSVC co-occurring.
Coronary artery fistulas (CAFs) are rare anomalies, with a
prevalence of about 0.9% in patients who undergo CTA (7);
however, they have important clinical implications. The right
coronary artery is the most common origin site for a CAE oc-
curring approximately 50% of the time, while the LCX, demon-
strated in the present report, is the origin in only approximately
5% of cases (4). Conversely, the site of drainage for a CAF is
typically either the right side of the heart (approximately 60%)
or pulmonary arteries (approximately 27%) but is only rarely
the CS (approximately 3%) (4). Although these are rare origin
and drainage points for a CAF, LCX-to-CS fistulas have been
described in the literature previously (8-11). Independent of
origin and drainage points, CAF commonly become dilated and
aneurysmal due to the creation of a left-to-right shunt, which
may lead to thrombosis, embolism (8,9,11), or rupture (12). In

cases where the CAF drains into the CS, the aneurysm usually
occurs proximal to the CS (8,9,13). In the present case, not only
do we demonstrate a rare LCX-to-CS fistula, but also a large,
thrombosed aneurysm distal, as opposed to proximal, to the CS.
‘The unexpected location of the aneurysm is likely a consequence
of the jointly occurring CSOA and presence of a PLSVC.

Cases of CSOA are rare (6), usually noted as an incidental
finding at autopsy (14). With atresia of the CS ostium, cardiac
venous drainage cannot return to the right side of the heart; con-
sequently, vessel anomalies must be present to allow for venous
drainage. Half of the time, CSOA is associated with a PLSVC
(6,15), which allows coronary venous blood to flow in a retro-
grade (cephalad) direction up the PLSVC into the left brachio-
cephalic vein and then into the right SVC and right atrium. The
identification of a PLSVC in patients with CSOA is of clinical
significance, as ligation could interrupt cardiac venous drainage,
causing congestion and/or ischemia (15,16). Hence, it is of criti-
cal importance to appropriately diagnosis CSOA in the setting
of PLSVC prior to manipulation.

Both cardiac CT and cardiac MRI are valuable imaging mo-
dalities for the evaluation of congenital cardiac defects, includ-
ing CS abnormalities. While CT offers superior spatial resolu-
tion, full 3D manipulation with high anatomic fidelity, and is
more widely accessible, MRI allows for physiologic assessment,
such as shunt physiology and ventricular function. Thus, CT
and MRI are complementary imaging modalities that can aid
in both diagnosis and prognostication of rare congenital heart
defects (3). As opposed to cardiac catheterization, the added
capability of 4D flow MRI enables noninvasive, retrospective
assessment of the magnitude and direction of blood flow (eg,
retrograde flow through the PLSVC) or lack thereof (eg, CS
to right atrium in CSOA) (17,18), as was performed in the
present case.

In conclusion, we present an exceedingly rare grouping of
cardiac anomalies that includes an LCX-to-CS fistula, a CSOA
with a resultant CS aneurysm, and a PLSVC with retrograde

flow. This case highlights the advantages of complementary
noninvasive modalities such as CTA and 4D flow MRI in the

Figure 1:

with ostial afresia and aneurysm. (A) Dilated and tortuous left circumflex coronary artery (red arrows). (B) Dilated, opacified CS adjacent to the right atrium (RA) without

Axial cardiac CT angiographic images demonsrate the presence of a dilated left circumflex coronary artery with fistula to a dilated coronary sinus (CS)

communication, demonstrating an ostial atresia (yellow arrow). A large, partially thrombosed aneurysm is visualized with a patent lumen. Red arrow indicates left circumflex

coronary artery. (€) Drainage of the CS (blue arrows) into lumen of a large, partially calcified, partially thrombosed aneurysm. See Movie 1 for axial, sagittal, and coronal

cuts, and see Movie 2 for three-dimensional reconstruction. aA = ascending aorta, dA = descending aorta, L = lumen of aneurysm, LA = left atrium, LV = left ventricle, PA =

pulmonary artery, rPA = right PA, RV = right ventricle, T = thrombus of aneurysm.
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anatomic and functional assessment of cardiac anomalies for
conclusive diagnosis.

Author contributions: Guarantors of integrity of entire study, V.EM., S.S.B.;
study concepts/study design or data acquisition or data analysis/interpretation, all
authors; manuscript drafting or manuscript revision for important intellectual con-
tent, all authors; approval of final version of submitted manuscript, all authors;
agrees to ensure any questions related to the work are appropriately resolved, all
authors; literature research, V.EM., S.K.; clinical studies, 8.S.B.; and manuscript
editing, all authors

Disclosures of conflicts of interest: V.EM. No relevant relationships. A.H. Re-
search grants from GE Healthcare and Bayer; patent, royalties, and licenses from
Stanford University for “Comprehensive Cardiovascular Analysis with Volumetric
Phase-Contrast MRI”; founder shares in Arterys. S.K. Deputy editor for Radiology:
Cardiothoracic Imaging. S.S.B. No relevant relationships.

References
1. Shah SS, Teague SD, Lu JC, Dorfman AL, Kazerooni EA, Agarwal PP. Im-

aging of the coronary sinus: normal anatomy and congenital abnormalities.

RadioGraphics 2012;32(4):991-1008.

Figure 2:

image demonstrates a partially thrombosed aneurysm (AN draining superiorly

Curved multiplanar reconstruction of cardiac CT angiographic

through a persistent left superior vena cava (red arrowhead), connecting to a left
brachiocephalic vein (LBCV).

Figure 4:

2. Mantini E, Grondin CM, Lillehei CW, Edwards JE. Congenital anomalies
involving the coronary sinus. Circulation 1966;33(2):317-327.

3. ChenYA, Nguyen ET, Dennie C, etal. Computed tomography and magnetic
resonance imaging of the coronary sinus: anatomic variants and congenital
anomalies. Insights Imaging 2014;5(5):547-557.

4. Xie M, Li L, Cheng TO, et al. Coronary artery fistula: comparison of di-

agnostic accuracy by echocardiography versus coronary arteriography and

Figure 3: Image from axial cardiac four-dimensional flow MRI demonstrates
no flow [ie, ostial atresia; yellow arrow) between the coronary sinus (CS) and the
right atrium (RA). The flow through cardiac structures can also be appreciated with
minimal flow within the lumen of the aneurysm (L), circular or turbulent flow within
the CS, and linear high flow within the left ventricle (LV) toward the LV outflow tract.
See Movie 3 for full loop. dA = descending aorta, RV = right ventricle, T = throm-
bus of aneurysm.

(A, B) Oblique reconstructions of cardiac four-dimensional flow MRI demonstrate retrograde (cephalad) blood flow

through the persistent left superior vena cava (red arrowhead) into the left brachiocephalic vein (LBCV). Red arrows indicate left
circumflex artery. See Movie 4 (for A) and Movie 5 (for B) for full loop. aA = ascending aorta, LV = left ventricle, PA = pulmonary

artery, RSVC = right superior vena cava, RV = right venfricle.

Radiology: Cardiothoracic Imaging Volume 4: Number 1—-2022 = rcfirsna.org


http://radiology-cti.rsna.org

LCX—to—

10.

11.

inus Fistula with Ostial Atresia and Persistent Left SVC

surgery in 63 patients studied between 2002 and 2012 in a single medical
center in China. Int J Cardiol 2014;176(2):470-477.

. Santoscoy R, Walters HL 3rd, Ross RD, Lyons JM, Hakimi M. Coronary

sinus ostial atresia with persistent left superior vena cava. Ann Thorac Surg

1996;61(3):879-882.

. Shum JSF, Kim SM, Choe YH. Multidetector CT and MRI of ostial atresia

of the coronary sinus, associated collateral venous pathways and cardiac
anomalies. Clin Radiol 2012;67(12):e47—-¢52.

. Lim JJ, Jung JI, Lee BY, Lee HG. Prevalence and types of coronary artery

fistulas detected with coronary CT angiography. AJR Am ] Roentgenol
2014;203(3):W237-W243.

. Hajj-Chahine ], Haddad F, El-Rassi I, Jebara V. Surgical management of a

circumflex aneurysm with fistula to the coronary sinus. Eur J Cardiothorac

Surg 2009;35(6):1086-1088.

. Poretti G, Lo Rito M, Varrica A, Frigiola A. A case report of a coronary

artery fistula to coronary sinus with giant aneurysm: risk does not end with
repair. Eur Heart ] Case Rep 2020;4(6):1-6.

Abdelmohsen G, Abd El Rahman MY, Dohain A, Latif SA, Attia W. Left
circumflex coronary artery to coronary sinus fistula diagnosed in infancy. ]
Cardiol Cases 2016;15(3):97-99.

Edwards NFA, Wijesckera VA, Anderson BA, et al. A Rare Case of a Gi-
ant Coronary Sinus with Focal Aneurysm Secondary to Multiple Fistulous

12.

13.

14.

15.

16.

17.

18.

Connections Arising from a Dilated, Tortuous Left Circumflex Coronary
Artery. CASE (Phila) 2018;2(3):99-102.

Challoumas D, Pericleous A, Dimitrakaki IA, Danelatos C, Dimitrakakis
G. Coronary arteriovenous fistulae: a review. Int ] Angiol 2014;23(1):1-10.
Rodriguez JD. Incidental Finding of a Right Coronary Artery to Coronary
Sinus Fistula in an Adult Transthoracic Echocardiogram. ] Diagn Med
Sonogr 2016;32(6):361-366.

Watson GH. Atresia of the coronary sinus orifice. Pediatr Cardiol
1985;6(2):99-101.

Yokota M, Kyoku I, Kitano M, et al. Atresia of the coronary sinus orifice.
Fatal outcome after intraoperative division of the drainage left superior vena
cava. ] Thorac Cardiovasc Surg 1989;98(1):30-32.

JhaNK, Gogna A, Tan TH, Wong KY, Shankar S. Atresia of coronary sinus
ostium with retrograde drainage via persistent left superior vena cava. Ann
‘Thorac Surg 2003;76(6):2091-2092.

Horowitz MJ, Kupsky DF, El-Said HG, Alshawabkeh L, Kligerman SJ,
Hsiao A. 4D Flow MRI Quantification of Congenital Shunts: Comparison
toInvasive Catheterization. Radiol CardiothoracImaging 2021;3(2):200446.
Vasanawala SS, Hanneman K, Alley MT, Hsiao A. Congenital heart disease
assessmentwith 4D flow MRI. ] Magn Reson Imaging 2015;42(4):870-886.

rctirsna.org = Radiology: Cardiothoracic Imaging Volume 4: Number 1—2022


http://radiology-cti.rsna.org



