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Significance of cardiac CT findings of coronary sinus abnormalities in adults
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Abstract
Purpose
The aim of this study was to analyze the frequearay appearances of coronary sinus (CS)
anomalies on cardiac computed tomography (CT) oltgdtients and to compare them with

transthoracic echocardiography (TTE) findings.

Methods
We retrospectively evaluated cardiac CT imageshiempresence of CS anomalies in 6936
adult patients underwent imaging from April 1 2@68viarch 31 2015 at our institutioe

also reviewed and compared with TTE findings fe& tlases of CS anomalies.

Results

CS anomalies were diagnosed in 23 of the 6936 ¥) 23d included persistence of the left
superior vena cava (PLSVC) in 19 cases, unroofedUC) in two, coronary artery-CS
fistula in two, and CS atresia in one. TTE reved&lidilatation in only five of the 16 cases
of PLSVC and suggested CS anomaly in the two aafsesronary artery-CS fistula. The

other cases of CS anomaly were detected incidgrdalCT.

Conclusion

The incidence of CS anomalies was 0.33%. Predgmdsis of CS anomalies with TTE
and the original transverse images on cardiac Giiealvas difficult for some conditions. We
should be alert for the presence of CS anomalieshadan cause clinical or procedural

complications.

Keywords. cardiac computed tomography, coronary artery{tanpsinus fistula, coronary

sinus atresia, persistent left superior vena cawayofed coronary sinus



Introduction

Precise anatomical knowledge of the coronary Si@% has become increasingly important
because of its relevancy in various cardiac intaiees, including left ventricular pacing,
mapping, and ablation of arrhythmias. As the useaofliac computed tomography (CT) to
assess coronary artery and guide preproceduratipiaof cardiac interventions has
increased, so does the incidental discovery of agymatic congenital CS anomalies. The
aim of this study was to analyze the frequencyapukarance of CS anomalies in adult
patients who underwent cardiac CT images for cardiseases or preprocedural planning and

to compare them with transthoracic echocardiogrdpiye) findings.

Materials and methods
Our institutional review board approved the protdoothis retrospective study. This
retrospective study evaluated the frequency andappces of CS anomalies on cardiac CT

and compared with TTE findings.

Patients
We evaluated imaging findings of 6936 adult pasgb232 men and 1704 women; aged from
20 to 102 years) who underwent cardiac CT from IAb2008 to March 31 2015 in our

institution.

Cardiac computed tomography

All patients were examined with a dual-source C3tay (SOMATON Definition Flash or
SOMATOM® Definition, Siemens Medical Solutions, Forchhe{dermany). For cardiac CT,
each patient had intravenous injection of contmaatierial (lopamiron; 370 mg I/mL, Bayer
AG, Leverkusen, Germany) with administration coliiebby bolus tracking in the ascending
aorta. During scan acquisition, the contrast endsarent achieved by initial bolus of contrast
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material, followed by 30 mL of pure saline at tlaeng injection speed. The injection speed
and volume of the iodine bolus were individuallymqauted with the formula: Injection
speed (mL/s) = body weight (kg) x 0.07 mL/s, antlx@e (mL) = Injection speed x [duration
of CT data acquisition (seconds) + 5]. The scaampaters were: slice collimation, 2 x 64 x
0.6 mm (SOMATOM Definition Flash) or 2 x 32 x 0.6 mm (SOMATGNDefinition) with a
z-flying focal spot; gantry rotation time, 280 n®Q(MATOM® Definition Flash) or 330 ms
(SOMATOM® Definition); pitch, 0.2 to 0.5; tube voltage, 12@p; and tube current, 330
mAs (SOMATOM® Definition Flash) or 300mAs (SOMATORMDefinition). Retrospective
electrocardiography (ECG) gating and ECG-depentldra current modulation were used.
Scanning ranged from the level of the carina tblpegdow the dome of the diaphragm. All
reconstructed image data were transferred to watiksts (MultiModality Workplace,

Siemens).

Transthor acic echocar diogr aphy

Conventional echocardiographic examination werefopered using anol0 (SSDel0)
equipped with a UST-52105 probe (1.5-4.3MHz) (Aldkeadical Systems, Tokyo, Japan), an
Artida (SSH-880CV) equipped with a PST-25BT proBékHz) (Toshiba Medical Systems,
Tochigi, Japan), a Vivid E9 equipped with M5Sc prd8.3MHz with the tissue harmonic
mode) and also Vivid 7 equipped with M4S probe 81z with the tissue harmonic mode)

(GE Healthcare, Tokyo, Japan) in 20 of the 23 p#tidiagnosed with CS anomalies.

Image evaluation

Two experienced radiologists retrospectively reddwall CT images. The CS anomalies were
evaluated with the original transverse images auffiplanar reformations including the
cardiac short-axis view. They also reviewed andmanmed with transthoracic

echocardiography (TTE) findings for cases of thea@8malies. In this study, we used a



classification of Mantini et al [1] to discuss tineaging appearances of CS anomalies.

Results

Among 6936 patients, CS anomalies were diagnos2ad {0.33%) which included 19 cases
with persistent left superior vena catBLSVC) (Fig. 1), two cases with unroofed CS (UCS)
(Fig. 2), two cases with coronary artery-CS fist{ifag. 3), and one case with CS atresia (Fig.
4) which coexisted with one of the 19 cases witB¥C described above. (Table 1). The two
cases of UCS were associated with CS dilatatiomabdccompanied by PLSVC. The two
cases of coronary artery-CS fistula drained intce€$ciated with a dilated and tortuous left
circumflex (LCX) coronary artery. TTE was performed0 of the 23 cases. TTE revealed
CS dilatation in five of the 16 cases of PLSVC andgested CS anomaly in the 2 cases of
coronary artery-CS fistula. The other cases oh@@&mnaly were detected incidentally on CT
(Table 2). It was difficult to identify a defect the wall partitioning the CS from the left
atrium in a case of UCS with the original transedreages (Fig. 2). The cardiac short-axis

view allowed us to identify the defect.

Discussion

In this study, the incidence of CS anomalies weé3%. Diagnosed anomalies included
PLSVC: enlargement of CS without left-to-right sH@h UCS: enlargement of CS with left
—to-right shunt: low pressure shunts, coronaryra@S fistula: enlargement of CS with left
—to-right shunt: high pressure shunts , and CSsiatrevith narrow PLSVC and gross
communication of CS with the left atrium which waobably major coronary sinus flow.
TTE and the original transverse images only oniaar€€T were not enough for precise
diagnosis of UCS. To our knowledge, this is thestfilarge-scale study to analyze the
frequency and appearances of CS anomalies in adtiknts who underwent cardiac CT

images for cardiac diseases or preprocedural pignni



The estimated occurrence of PLSVC is 3 to 10% tiepts with congenital cardiac disease
[2] and 0.3% in the general population [3]. Althbuthe true prevalence of UCS, a rare
congenital anomaly and the most uncommon type oélaseptal defect is unknown, it
account for less than 1% of all types of atrialtaegdefect. The presence of coronary arterial
fistulas has been estimated in 0.05 to 0.25% aepit who undergo coronary angiography
(CAG) and 0.002% of the general population [4]. Apgmately 7% are estimated to drain
into the CS, which leads to left-to-right shuntiag. CS atresia has a reported incidence of
0.1 [6] to 0.25% [7] of cases and usually cons$ta membranous occlusion at the ostium [8],
which prevents direct venous drainage from the e right atrium. Approximately 53% of
patients with CS atresia have concomitant cororemtery fistulae and UCS [6]. The
prevalence of PLSVC on CT was almost the sameafithe previous report. On the other
hand, the prevalence of the other CS anomaliesTowa3 different from that of the previous
report. It may lead to biases that they are muchenomcommon congenital anomaly. This
study did not show other CS anomalies includingtiglaranomalous hepatic venous
connection to CS, continuity of inferior vena cawéh left superior vena cava through
hemiazygos vein: enlargement of CS without leftight shunt, pulmonary venous
connection to CS: enlargement of CS with left-ghtishunt: high pressure shunts, absence of

coronary sinus and hypoplasia of the coronary sinus

TTE and the original transverse images alone odi@aiCT were not enough for precise
diagnosis of CS anomalies. In adults, precise aisigrof CS anomalies with TTE can be
difficult because of poor visualization resultingrh the limited sonic window and contrast
resolution [9]. Cardiac CT allows comprehensiveineasive assessment of the coronary
artery and other non-coronary artery anatomic siraes. Its high spatial and temporal

resolutions, multi-plane reconstruction capabditiand wide field of view make it an



excellent modality for the detection and identifioa of CS anomalies. Some of our cases
were also detected incidentally on CT but not oETTS runs transversely in the groove
between the left atrium and ventricle of the he@8.structure is considered as having a
vertical segment superiorly that “turns” to joimarizontal segment inferiorly. The horizontal
segment is parallel to the transverse CT imagds Alihough PLSVC can be diagnosed by
routine CT examinations, it can be difficult to mxste CS anomalies such as UCS with the
original transverse images on cardiac CT becaufieeadnatomical relationship. The cardiac
short-axis view is most suited for depiction of &@®malies on CT because it is perpendicular

to the long axis of CS.

The presence of PLSVC and CS atresia can causecanat difficulties [11] and the presence
of UCS and coronary artery—CS fistula can caus@wsaurclinical complications such as heart
failure, cerebral embolism, brain abscess, myoahisithemia or sudden cardiac death as a
result of coronary steal phenomenon, endocarditfgpre or embolization from an associated
coronary artery aneurysm. These conditions are dfifficult to diagnose because the clinical
signs and symptoms are nonspecific [12,13,14] r8fbee, we should carefully and precisely

evaluate CS anomalies.

Our investigation has some limitations that must ¢ensidered. First, it is a
single-center study and requires multi-center confirmation to authenticate the
findings and reproducibility. Second, some sort of heart diselasé been diagnosed or
suspected in all patients underwent cardiacTEE suggested CS anomalies in three cases of
coronary artery-CS fistula and UCS. They may leabiases. TEE findings, however, could
not describe the CS anomalies in detail. It isrdfege, necessary to confirm the CS
anomalies by cardiac CT when they are suggestedHfy. Cardiac CT is an excellent

modality to identify CS anomalies.



In conclusion, we could show the incidence and agp®es of coronary sinus anomalies in
adults on cardiac CT images and could compare Tiith findings for the cases. Precise
diagnosis of CS anomalies with TTE and the origiresverse images alone on cardiac CT
was difficult. Although cardiac CT is an excellenbdality to identify the CS anomalies, CS
anomalies such as UCS could be missed with thénatitansverse images only because of
anatomical relationship between CS and left atridfa.should carefully evaluate from
multiple directions including the cardiac shortsaxiew by reconstructing cardiac CT images
of all patients for the presence of CS anomaligandiess of the inspection purpose, because
CS anomalies can cause clinical or procedural ceatns that can be avoided with detailed

knowledge of them.
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Fig. 1. Cardiac CT image of PLSVC in a 41-yearwtiiman. (a) Axial image shows
PLSVC (arrow). (b) Short axis image shows a PLS¥@owhead) draining into the CS (*).

LA, left atrium; RA, right atrium.

Fig. 2. Cardiac CT image of UCS in a 51-year-otiivan. (A) Short axis image shows a
defect (*) in the wall partitioning the CS from th& with associated dilatation of the CS.
The patient did not have a PLSVC. There was aeftght shunt from the LA to the right
atrium (RA) through the CS. (B) Volume-rendered gmahows dilatation of the CS and
communication (arrows) between the LA and CS. dliffscult to identify defect in the wall

partitioning the CS from the left atrium in a caéJCS with the original axial images. (C)

Fig. 3. Cardiac CT image of Coronary artery- G3ula in a 44-year-old man. Axial image
(A), Short axis image (B), and volume-rendered iené@) show a dilated and tortuous LCX

with a fistula (arrow in C) to the CS.

Fig. 4. Cardiac CT image of CS ostial atresia WLEVC in a 64-year-old woman. (A)
Axial image shows an CS atresia near the ostiurogrand a small-caliber PLSVC

(arrowhead). Short axis image shows communicatipbgtween the CS and LA(B).



Table 1. Incidence of coronary sinus (CS) anormali€936 patients

CS anomalies Number Prevalence (%)
PLSVC 19 0.27

Unroofed coronary sinus 2 0.029

coronary artery—CS fistula 2 0.029

CS atresia 1* 0.014

PLSVC: persistent superior vena cava

* CS atresia coexisted with one case with PLSVC.




Table 2.

Clinical characteristics and computedagraphy (CT) and transthoracic

echocardiography (TTE) findings in patients witlmamary sinus (CS) anomalies

ID Age Sex Purpose of CT examination CT findings TTE
(yrs) findings
1 67 M CAD assessment PLSVC CS dilatation
2 74 F CAD assessment PLSVC Not performed
3 20 M preparation for ablation of PLSVC CS dilatation
AF
4 52 M CAD assessment PLSVC CS dilatation
5 27 F Cardiac murmur assessmenPLSVC CS dilatation
6 46 M CAD assessment PLSVC No abnormality
7 52 M CAD assessment PLSVC Not performed
8 74 M CAD assessment PLSVC No abnormality
9 65 M preparation for ablation of PLSVC No abnormality
AF
10 68 M CAD assessment PLSVC Not performed
11 41 F CAD assessment PLSVC No abnormality
12 60 M preparation for ablation of PLSVC No abnormality
AF
13 31 F preparation for surgical PLSVC CS dilatation
treatment of mitral stenosis
14 74 F preparation for ablation of PLSVC No abnormality
AF
15 63 M preparation for ablation of PLSVC No abnormality

AF
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16

17

18

19

20

21

22

23

44

35

47

51

54

68

44

64

preparation for ablation of
AF

CAD assessment
preparation for ablation of
AF

preparation for surgical
treatment of ASD
preparation for ablation of
AF

abnormal TTE findings

abnormal TTE findings

CAD assessment

PLSVC

PLSVC

PLSVC

UCS

UCS

coronary

artery-CS fistula
coronary

artery-CS fistula
CS atresia

+PLSVC

No abnormality

No abnormality

No abnormality

ASD suspected

No abnormality

coronary artery-RA

shunt suspected

UCS suspected

No abnormality

AF: atrial fibrillation; ASD: atrial septal defedCAD: coronary artery disease; PLSVC:

persistent left superior vena cava; RA: right atrjlCS: unroofed CS
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