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Non-coronary abnormalities of the left heart: CT angiography findings

Ersin Oztiirk, Cahit Kafadar, Siileyman Tutar, Ugur Bozlar!, Klaus D. Hagspie

Department of Radiology, GATA Haydarpasa Teaching Hospital; istanbul-Turkey
IDepartment of Radiology, GATA; Ankara-7urkey
2Department of Radiology and Medical Imaging, University of Virginia Health System; Charlottesville-VA- USA

ABSTRACT

Cardiac computed tomography (CT) is most commonly performed for the evaluation of the coronary arteries; however, non-coronary cardiac
pathologies are frequently detected on these scans. In cases where magnetic resonance imaging cannot be used, cardiac CT can serve as the
first-line imaging modality to evaluate many non-coronary cardiac pathologies. In this article, we discuss congenital non-coronary abnormalities
of the left heart and their cardiac CT imaging features. (Anatol J Cardiol 2016; 16: 720-7)
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Introduction

Cardiac computed tomography (CT) angiography is most
commonly used for coronary artery imaging. It also frequently
detects non-coronary cardiac and non-cardiac abnormalities.
Cardiac abnormalities include congenital or acquired left heart
and right heart pathologies. Many if not most left heart patholo-
gies are identified on echocardiography if performed as part of
the patient’s work up. However, with the introduction of cross-
sectional cardiac imaging methods, CT and magnetic resonance
imaging (MRI), some cardiac pathologies have become more
readily detectable. This article aims to present the congenital
non-coronary abnormalities of the left heart accompanied by
cardiac CT images, all of which were obtained from our archive.

Congenital septal defects

In the majority of congenital septal defects, the key CT find-
ings are chamber size, wall integrity, and presence of a contrast
jet (1). The diagnosis can be definitively made in cases with dis-
ruption of wall integrity. However, because the heart is a mobile
organ, it can be difficult to directly detect the disruption. In this
situation, evaluation of the chamber size can be useful for de-
termining the presence of a septal defect. In some cases, espe-
cially when diagnosing small septal defects by CT, a contrast jet
can be observed depending on the scan and contrast injection
protocol (Fig. 1). To detect the contrast jet, there should be low

or no contrast opacification in the right heart during the scan.
This is generally the case in coronary CT, although there is some
variation due to center preferences. If the scan is properly timed
and the degree of enhancementin the right and left heart is simi-
lar, the possibility of a shunt should be considered.

Atrial septal defect

Atrial septal defect (ASD) is the most common congenital
heart disorder in adults (2). There are four ASD subtypes; pri-
mum type ASD (15%), secundum type ASD (70-80%), sinus ve-
nosus type ASD (10%), and coronary sinus type ASD (<1%) (3).

The septum primum is the first septum in the fetal heart and
develops from the free wall of the atria toward the ventricles. If
this septum fails to reach its destination, the defect is called pri-
mum type of ASD (Fig. 2). The primum type ASD is less common.
This type of ASD sometimes coexists with a ventricular septal
defect (VSD), which is then called atrioventricular septal defect
or endocardial cushion defect. Endocardial cushion is the area
where the interatrial septum, the interventricular septum, and
the mitral and the tricuspid valves merge. Endocardial cushion
defects are strongly associated with Down syndrome.

The secundum type ASD is the most common type and is ob-
served in the mid portion of interatrial septum. Septum secundum is
the second septum to develop and is located between the two atria
and grows in the direction opposite to that of septum primum. If the
septum fails to cover ostium secundum, the defect that occurs is
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Figure 1. If a septal defect cannot be directly visualized due to its small
size, a contrast jet (arrow) from the opacified left into the unenhanced
right atrium will establish the diagnosis like in this patient

Figure 2. Primum atrial septal defect. Axial coronary CT angiography
shows that the interatrial septum does not extend to the junction of the
mitral and tricuspid valves, resulting in a defect (arrow) in the basal
part of the septum. Note the thin septum in the fossa ovalis (arrow
head) which should not be misinterpreted as a secundum ASD

called secundum type ASD. Small defects are usually asymptom-
atic and are detected incidentally. Rarely, large defects may also
be asymptomatic and are not detected until adulthood (Fig. 3).

A sinus venosus type ASD is a defect in the septum near the
openings of the vena cava into the right atrium. It can occur near
the superior vena cava (SVC) or inferior vena cava. Superior type
sinus venosus ASDs are thought to result from the lack of septa-
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Figure 3. A 68-year-old woman with secundum atrial septal defect.
Axial coronary CT angiography image shows a large, incidentally de-
tected defect (arrow) at the midportion of the interatrial septum

. Ay A

Figure 4. (a) Axial MIP coronary CT angiography image shows a con-
nection (arrow) between two atria at the level of the opening of the
superior vena cava (SVC) to the right atrium. (b) A right pulmonary vein
drains into the SVC (known as partial anomalous pulmonary venous
return) in the same patient

tion between the pulmonary veins and SVC or right atrium. Su-
perior sinus venosus type ASDs are more common than inferior
sinus venosus ASDs and are usually associated with right partial
anomalous pulmonary venous return (Fig. 4).

A coronary sinus type of ASD (unroofed coronary sinus) is
not a true interatrial septal defect. Nevertheless, given the right-
to-left shunt, it is defined as a subtype of ASD. The coronary
sinus is the major coronary vein. It returns the majority of the
left ventricular blood flow to the right atrium. This vein is located
along the posterior wall of the left atrium. If there is a defect be-
tween the left atrium and the coronary sinus (i.e., over the roof),
blood will initially pass from the high-pressure left atrium to the
coronary sinus and thereafter to the right atrium, thereby leading
a left-to-right shunt (Fig. 5). This defect can be associated with
atresia of the coronary sinus orifice (Fig. 6).

ASDs can be associated with other cardiac or extracardiac
malformations. Moreover, two different ASD types can occur in
the same patient. This anomaly is called complex ASD (Fig. 7).
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Figure 5. Coronary sinus type ASD. Normally, the coronary sinus (CS) is
located along the posterior wall of the left atrium and drains into the
right atrium (RA). In this case, MPR coronary CT angiography image
shows a defect (arrow) between the roof of CS and left atrium (LA)

Figure 6. A variant of coronary sinus type ASD. (a) MPR coronary CT an-
giography image shows a defect (arrow) between the roof of coronary
sinus and left atrium. (b) Axial coronary CT angiography image shows
atresia of coronary sinus orifice (arrow head) in the same patient

Figure 7. (a, b) The patient with superior sinus venosus type ASD (ar-
row head) also has a secundum ASD (arrow). Cases with more than
one type of ASD are called complex ASD

Patent foramen ovale

The foramen ovale in the interatrial septum normally devel-
ops to the fossa ovalis. This is due to the fusion of the primum
septum with the secundum septum occurring at birth, when
the lungs become functional; the pulmonary resistance de-
creases and the pressure in the left atrium exceeds that of
the right atrium. A patent foramen ovale (PFO) is the result of
incomplete fusion of the septa and is present in up to 25% of
adults. Its frequency decreases with age (4). In one of our stud-
ies, PFO was observed in 118 (15%) of 782 patients (5). Since

Figure 8. Patent foramen ovale. (a) Axial and (b) sagittal coronary CT
angiography images show the lack of fusion between septum primum
(black arrow) and secundum (white arrow) with a contrast-filled chan-
nel between them. The direction of the channel is towards the inferior
vena cava (IVC). A contrast jet (arrow head) through the gap in the in-
teratrial septum from the left to the right atrium is present

Figure 9. Coronary CT angiography image shows fusion of the septum
primum and secundum in the inferior part (arrow head), and lack of
fusion in the proximal part (arrow). In this case, a contrast-filled tun-
nel in the interatrial septum exists; however, a contrast jet to the
right atrium does not occur. This entity is referred as probe patent
foramen ovale

the advent of cardiac CT, PFO is more frequently recognized
than previously reported. CT shows a channel, filled with con-
trast medium, between the two septa pointing towards the in-
ferior vena cava. In addition, a contrast jet into the right atrium
originating from the left atrium is often observed (Fig. 8). A PFO
represents a potential risk factor for stroke due to paradoxical
emboli. If the two septa are partially fused, then an interseptal
tunnel will occur. This condition is referred as probe-patent
PFO or interatrial septal pouch (Fig. 9).
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Interatrial septal aneurysm

Interatrial septal aneurysms are protrusions of the septum
more than 10 mm beyond the plane of the atrial septum (6). They
can be caused either by atrial pressure differences or represent
a true congenital defect, which can be limited to the fossa ovalis
or involve the whole septum (Fig. 10). The aneurysms protrude
towards the low pressure side and can be observed during the
any phase of the cardiac cycle. Fifty percent of patients with in-
teratrial septal aneurysm also have an ASD or PFO; while 35% of
the cases are isolated (7).

Left atrial diverticulum

Left atrial diverticula are solitary or multiple cystic protuber-
ances that project outward from the atrial wall (Fig. 11). In one
of our studies, left atrial diverticula were identified in 186 (41%)
of 454 patients (8). They are not usually associated with other
cardiac abnormalities. The etiology and pathophysiology of left
atrial diverticula are not clearly understood. Congenital and ac-
quired etiologies have been suggested by many researchers. Al-
though previous studies have identified variable locations, the
most commonly reported location of left atrial diverticula is the
anterior superior part of the left atrium. The least common loca-
tion is the posterior wall (8). They are generally asymptomatic;
however, they can be associated with arrhythmias, thromboem-
bolism, and mitral valve regurgitation (9). They can be sources of
emboli in patients with cryptogenic stroke and they can cause
potential complications such as catheter trap, wall penetration,
and atrial-esophageal fistula during radiofrequency catheter ab-
lation procedures (10).

Accessory left atrial appendage

Accessory left atrial appendages are small outpouchings
of the left atrial wall (Fig. 12) that occur with an incidence of
10-27% in the general population (11). However, in one of our
studies, left accessory appendages were detected in 14 (3.1%) of
454 patients (8). They are usually not associated with other con-
genital cardiac abnormalities. Accessory left atrial appendages
are characterized by the presence of trabeculated myocardium
with the same wall structure as the surrounding myocardium
(12). The most common location of an accessory left atrial ap-
pendage is along the anterosuperior left atrial wall to the right
aspect of the left atrium. Thrombosis can occur within acces-
sory appendages, and they can be possible sources of cardio-
genic emboli. The presence of accessory left atrial appendages
should be identified prior to radiofrequency catheter ablation
procedures, because their orifice may resemble the orifice of a
pulmonary vein. Therefore, reporting accessory appendages and
the presence or absence of thrombus is important (13). Acces-
sory left atrial appendages may be misinterpreted as left atrial
diverticula. The presence of a wide neck and a smooth interior
favors the diagnosis of a left atrial diverticulum. They can also
coexist in the same patient (Fig. 13).
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Figure 10. Interatrial septal aneurysm. (a) Coronary CT angiography im-
age shows protrusion (more than 10 mm) of the interatrial septum into
the right atrium. (b) In the same patient, a small defect (arrow) in the
interatrial septum (secundum atrial septal defect) is also observed

Figure 11. (a) Coronary CT angiography image shows a diverticulum
(black arrow) with a wide neck and smooth contours projecting out-
ward from the inferior part of the left atrium wall. (b) Multiple left atrial
diverticula (white arrows) are seen in a different patient

Figure 12. Coronary CT angiography image shows accessory left atrial
appendage (arrow head) in addition to the normal left atrial append-
age (arrow). Note the narrow neck and internal trabeculation of the
accessory appendage
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Figure 13. Coronary CT angiography image shows the co-existence of an
accessory left atrial appendage (arrow) and left atrial diverticulum (ar-
row head) in the same patient. Left atrial diverticula have a wider neck
and smoother contours compared to accessory left atrial appendages

Figure 14. Coronary CT angiography images show a thin membrane (ar-
rows), which divides the left atrium into two compartments in a patient
with cor triatriatum

Cor Triatriatum

Cor triatriatum is a congenital cardiac anomaly in which the
left or right atrium is divided into two compartments by a fibro-
muscular membrane (Fig. 14). Although it is more frequent in
the left atrium (cor triatriatum sinister), they occur in the right
atrium as well (cor triatriatum dexter). The severity of clinical
symptoms depends on the size of the fenestration in the mem-
brane. It could be associated with other cardiac or extracar-
diac anomalies (14).

Ventricular septal defect

VSDs are the most common cardiac malformation. The in-
terventricular septum is divided into two parts; the thin mem-
branous basal portion beneath the aortic valve and the larger
muscular septum. They are usually congenital, but can also be
the result of myocardial infarction or trauma. Approximately 50%
of congenital VSDs are small and close spontaneously (15).

VSDs are divided into four types (16). In type 1 (outlet or su-
pracristal type) VSD, the defectis located between the right ven-
tricular outflow tract and the aorta. It represents 5-7% of VSDs.
This type is often associated with aortic regurgitation due to pro-
lapse of the anterior aortic valve leaflet.

Figure 15. Type 2 ventricular septal defect (VSD). Coronary CT angiog-
raphy image shows a defect (arrow) in the membranous septum. This
condition is referred as partially closed membranous VSD

Figure 16. Axial and sagittal coronary CT angiography images show
protuberance of the interventricular septum into the right ventricle
(arrows) in the location of the membranous septum. This condition is
termed a ventricular septal aneurysm and is related to the spontane-
ous closure of a perimembranous ventricular septal defect

Type 2 is the most common type and represents 70% of
all VSDs. It involves the membranous septum. It is also called
perimembranous type VSD, because the adjacent septum sur-
rounding the membranous defect also contains defects to vary-
ing degrees (Fig. 15). In some cases, this type of VSD closes
spontaneously and a sac called a ventricular septal aneurysm
or a spontaneous closure VSD occurs (Fig. 16). It is defined as a
bowing of the septum greater than 10-15 mm to either side (17).
It can be associated with conduction arrhythmias. Association
with other cardiac defects has also been reported (18, 19).

Type 3 (inlet type) VSDs are located in the inlet of the ven-
tricular septum immediately inferior to the AV valve apparatus
(Fig. 17). This is the rarest type of VSD with a frequency of 5% or
less. Defects in the inlet septum can include abnormalities of the
tricuspid and mitral valves that are called common atrioventricu-
lar canal defect (20).
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Figure 17. Type 3 (inlet type) ventricular septal defect (VSD). Coronary
CT angiography image shows a VSD (arrow) at the inlet septum be-
neath the septal leaflet of the tricuspid valve (TV) (MV-mitral valve)

Figure 18. Type 4 ventricular septal defect. Coronary CT angiography
image shows a defect (arrow) in the apical segment of the muscular
interventricular septum

Type 4 (muscular) VSDs occur in 20% of the cases and in-
volve the muscular part of the interventricular septum (Fig. 18).
About 75% of type 4 VSDs close spontaneously before age 2.
Type 4 VSDs that fail to close are generally benign. In some
cases, multiple defects may be present and produce a “Swiss
cheese” appearance of the septum.

Ventricular cleft

Ventricular clefts are also known as myocardial crypts or
myocardial fissures; they are defined as V-shaped, single or
multiple gaps penetrating more than 50% of the thickness of the
adjoining compact myocardium in long-axis views (21). They are
fissure-like protrusions confined to compacted myocardium,
which do not exceed beyond the myocardial margin (Fig. 19).
In one study, we detected left ventricular clefts in 24 (3.05%) of
786 patients (22). They are commonly seen in the basal inferior
wall of the left ventricle and the mid to apical segments of the

Figure 19. Coronary CT angiography image shows a ventricular cleft
(arrow) in the interventricular septum of the left ventricle

Figure 20. Coronary CT angiography image shows multiple ventricular
clefts (arrow) in the interventricular septum, which are connected to
the left ventricle

interventricular septum. Multiple clefts may be present in some
cases (Fig. 20). It was previously believed that they have no clini-
cal significance; however they have been recently found to be
associated with hypertrophic cardiomyopathy (HCM) mutation
carriership (23, 24). Clefts should be differentiated from diver-
ticula, which can be associated with cardiac complications (23).

Left ventricular diverticulum
Left ventricular diverticula are congenital abnormalities of
the myocardium that are characterized by an outpouching of
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Figure 21. Coronary CT angiography image shows a diverticulum (ar-
row) in the apical segment of the left ventricle in a patient with hy-
pertrophic cardiomyopathy. A very thin left ventricular myocardium
confining the diverticular sac is observable

the myocardium in its entire thickness, and extension beyond
the confines of the anatomic left ventricular cavity and myo-
cardial margin (25). This appearance can be used to differen-
tiate diverticula from clefts, which are fissure-like protrusions
that are confined to the myocardium and left ventricular wall.
Left ventricular diverticula are most commonly found in the
apical portion of the left ventricle and can be associated with
hypertrophic cardiomyopathy (26) (Fig. 21). In one of our stud-
ies, a total of 786 consecutive MDCT coronary angiography
examinations were reviewed retrospectively and apical di-
verticula were observed in 9 patients (1.14% prevalence) (22).
They are usually asymptomatic and found incidentally during
diagnostic procedures. However, they have been reported to
be associated with heart failure, systemic embolization, ven-
tricular wall rupture, or arrhythmias (23).

Left ventricular non-compaction

Left ventricular non-compaction (LVNC) is a rare con-
genital myocardial disorder that is characterized by a thin,
compacted epicardial layer and an extensive non-compacted
endocardial layer, with prominent myocardial trabeculations
and deep intertrabecular recesses that communicate with the
left ventricular cavity (27). It is caused by the intrauterine ar-
rest of the myocardial compaction process (Fig. 22). Patients
may be asymptomatic or present with dyspnea, systolic dys-
function, arrhythmias, and embolic events secondary to atrial
fibrillation. Non-compaction typically involves the left ventri-
cle, although involvement of the right ventricle has also been
reported (28). The non-compacted areas are most commonly
found in the apical and lateral portions of the left ventricle.

Anatol ) Cardiol 2016; 16: 720-7

Figure 22. Coronary CT angiography image shows that the ratio of non-
compacted myocardium (NCM) to compacted myocardium (CM) is ap-
proximately 2.5 in the left ventricle in a patient with left ventricular
non-compaction

CT can show the typical two-layered myocardium of the left
ventricle with prominent myocardial trabeculations. In a pre-
vious study, Melendez-Ramirez et al. (29) have proposed CT
diagnostic criteria for LVNC, and that a noncompaction-to-
compaction ratio greater than 2.2 in at least two segments
can be considered to be diagnostic of LVNC.

Conclusion

Cardiac CT is a powerful imaging modality for the evalua-
tion of congenital non-coronary left heart abnormalities. Due
to their clinical implications, their consideration is important
not only for every physician interpreting coronary and cardiac
CT scans but also for every general radiologist, as many of
these entities can also be seen on high quality chest CT angi-
ography and chest CT studies.
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