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There are many different congenital abnormalities and acquired pathologies involving the interatrial septum.
Differentiation of these pathologies significantly affects patient management. We have reviewed the various
interatrial septal pathologies and discussed their congenital associates, clinical significance, and management.
After reading this article, the reader should be able to better characterize the interatrial septal pathologies using
the optimal imaging tools, and have a better understanding of their clinical significance and management.

1. Introduction

Diagnosis of interatrial septal pathology is often challenging be-
cause the clinical presentations of these diseases are often nonspecific,
and accurate diagnosis from common imaging modalities, like echo-
cardiography, can suffer from technical limitations. Some congenital
abnormalities of the interatrial septum are associated with a wide
spectrum of other abnormalities. Understanding and detecting these
associated abnormalities can affect patient management.

Recent advances in cardiac magnetic resonance imaging (MRI) and
computed tomography (CT) have made it possible for earlier diagnosis
and better characterization of pathologies involving the interatrial
septum [1,2]. Radiologists play an important role in the management of
interatrial lesions, as some of the diagnoses are found incidentally,
especially in the adult population. Accurate interpretation of these di-
agnoses can have a profound effect on patient outcome.

The purpose of this article is to review the congenital and acquired
diseases involving the interatrial septum, including their clinical sig-
nificance and associated findings. We hope to familiarize radiologists

with the best imaging modalities and sequences for detection and dif-
ferentiation of these pathologies, and review appropriate clinical
management. We have included different cases and imaging techniques
to better illustrate the radiologic features of interatrial septal patholo-
gies.

2. Congenital abnormalities of the interatrial septum
2.1. Atrial septal defects (ASDs)

ASDs are the second most common congenital heart defects, after
ventricular septal defects, accounting for approximately 10% of all
congenital heart diseases. Since many ventricular septal defects are
small and close spontaneously, ASDs are the most common congenital
heart defects to become symptomatic in adulthood.

In general, a pulmonary to systemic flow ratio (Qp:Qs) > 1.5:1isa
widely accepted indication for surgery in stable ASD patients with no
contraindications. Patients with Qp:Qs < 1.5:1 will undergo closure in
the setting of paradoxical embolization or right heart volume overload.
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Fig. 1. In utero development of the interatrial septum. A crest of tissue (septum
primum, green septum) grows from the roof of the atria (A). Several small fe-
nestrations develop at the superior aspect of the septum primum and eventually
coalesce to form ostium secundum (B). An infolding of the atrial walls to the
right of the septum primum develops and makes the septum secundum (yellow
septum). A hole remains more inferiorly in septum secundum which with os-
tium secundum allow right to left shunting of oxygenated blood from the um-
bilical arteries. Eventually, septum secundum covers ostium secundum. Ostium
primum will cover the hole in septum secundum (fossa ovalis) (C). Eventually
the two septa fuse together except at the anterosuperior edge of the fossa ovalis.
This tunnel/flap valve allows necessary fetal right to left shunt (D). (For in-
terpretation of the references to color in this figure legend, the reader is referred
to the web version of this article.)

There are five major types of ASDs based on the location of defect in the
septum which will be discussed below.

2.1.1. Patent foramen ovale (PFO)

The atrial septa primum and secundum flaps fuse to form the fossa
ovalis. When there is incomplete fusion of these flaps, the foramen
ovale remains patent. This incomplete fusion leaves a channel-like
communication between the right and left atria. When there is a shunt
through this communication, it is called a PFO. Please refer to Fig. 1 for
better understanding of the embryogenesis of the interatrial septum.
The incidence of PFO is as high as 34% during the first three decades of
life and declines with age [3,4]. Most cases of PFO are small and remain
asymptomatic; however, PFOs have been associated with transient is-
chemic attack and stroke due to the potential of a venous thrombus to
pass from the right atrium into the systemic circulation via the PFO.
The annual incidence of transient ischemic attack and cerebral stroke in
patients with PFO is about 3.5% [5].

EKG-gated cardiac CT and MRI can help identify a PFO. To confirm
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the presence of a PFO, a channel-like tunnel in the interatrial septum or
a flap valve on the left atrial side of the foramen should be visualized in
addition to either communication of contrast on CT [6,7] or dephasing
signal on MRI to confirm patency (Fig. 2). Presence of a channel-like
tunnel along the interatrial septum alone is not sufficient to make the
diagnosis of PFO since it can be a normal variant of the fossa ovalis.
Saremi et al. showed that multidetector EKG-gated CT provides detailed
information on the morphologic features of PFO including the length
and diameter of the opening of the PFO tunnel, presence of septal an-
eurysm, and PFO shunt. They graded PFO shunt on EKG-gated CT based
on the length of contrast agent jet. They reported more left to right
shunt in patients with shorter PFO tunnel length and those with septal
aneurysm. [8].

Anatomic variations of the interatrial septum can mimic PFO. Septal
pouch is a recently described anatomic entity within the interatrial
septum. This entity was first described in an autopsy study by Krishnan
and Salazar [9]. A septal pouch is a diverticulum-like structure on the
left or right side of the interatrial septum that occurs when the septum
primum and septum secundum are partially fused but the PFO channel
is absent. Septal pouch is more common on the left side of the intera-
trial septum [10]. Care must be taken not to confuse PFO with septal
pouch on CT or MRI interpretation. Presence of shunt through the in-
teratrial septum, or visualization of a patent PFO channel are in favor of
PFO.

Isolated PFO does not require any medical or surgical intervention.
Currently, no consensus exists in treatment of patients with PFO and
transient ischemic attack or stroke. Available treatment options include
1) Medical treatment (antiplatelet/anticoagulant), 2) Percutaneous
closure device placement, and 3) Surgical closure. Several case series
has shown high recurrence rate (4% to 20% per year) of TIA/stroke in
PFO patients undergoing medical treatment [11]. There is a growing
clinical interest in the use of anticoagulant medications like warfarin
over antiplatelet medication, despite increased risk of hemorrhage.
However, contradicting data has been published from post hoc analysis
of the from post hoc analyses of the Warfarin-Aspirin Recurrent Stroke
Study (WARSS) trial showing no difference in occurrence of the is-
chemic neurologic events or death between aspirin and warfarin
groups, although warfarin was shown to be associated with one-third
fewer recurrent strokes than aspirin [12]. Decision on used of anti-
platelet or anticoagulation treatment need to be made based on in-
dividual factors [13]. There are 5-7 different closure devises available
to be used for percutaneous closure of the PFO in patients with TIA/
stroke. Although none of these devices has FDDA pre-market approval
for PFO closure, the Amplatzer PFO Occluder and CardioSEAL may be
used under Food and Drug Administration mandated humanitarian
device exemption (HDE) guidelines [11]. Annual recurrence rate for
TIA/stroke post percutaneous closure has been < 4% [14]. Although
supporting data is limited due to single institutional nature or selective
enrolment, surgical closure of PFO in patients with TIA/stroke appears
a safe and effective treatment option [15].

2.1.2. Ostium secundum ASD

The ostium secundum ASD is the most common type making up
70% of all ASDs. Unlike other types of ASD, ostium secundum ASD has
a female predilection (65%-75%). In ostium secundum ASD, the defect
is in the midseptal region. Embryologically, the ostium secundum ASD
is caused by excessive resorption of the septum primum or deficient
growth of the septum secundum (Fig. 1). Most cases of ostium se-
cundum ASD are found in isolation. MRI has excellent tissue char-
acterization and is a good modality to show the defect in the mid-
portion of the interatrial septum. Additional critical information, such
as the presence of a shunt across the defect and assessment of cardiac
function, can be obtained by cardiac MRI (Fig. 3). Using velocity-en-
coded sequence, flow across the ASD can be measured either directly by
imaging the ASD en face, or indirectly by velocity-encoded imaging of
the pulmonary artery and aorta [16]. Although one of these techniques
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are usually favored in different institutions, experts believe that ASD
flow measurement by direct en face technique is more accurate and
better correlates with invasive oximetry [16]. A four step approach can
be used to obtain the optimal true en face view. Step 1, Use the cine
SSFP images to identify the 4 chamber and biatrial views in which flow
across the septum or fossa ovalis can be visualized. Step 2, Obtain a
through-plane velocity encoding MR image. Set low velocity encoding
in this phase (~60 cm/s) to have good sensitivity. This will provide an
approximate en face view of the ASD flow. Step 3, make an in-plane
velocity encoding view in 4 chamber and biatrial orientations centered
through the defect/flow seen in step 2. Step 4, Use the 2 orthogonal
images from step 3 and obtain a final through-plane velocity encoding
MR image. This will make the true en face velocity encoding image
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Fig. 2. Spectral EKG-gated cardiac CT of a 79-year-
old man with severe aortic stenosis shows a channel-
like appearance of the interatrial septum (arrow in
A), suggestive of a patent foramen oval (PFO). The
contrast agent jets from left atrium to the right at-
rium (arrow in B) confirm abnormal communication
as well as a PFO. The jet is more conspicuous in the
40 keV monoenergetic image (arrow in C). Bright
blood sequence demonstrates either a PFO taking a
tunneled intra-septal course or a flap valve on the
left atrial side of the foramen ovale (arrow in D).

[16].

Precise localization of the atrial septal defect is critical for differ-
entiation of different types of atrial septal defects. If the defect is not
localized accurately, ostium secundum ASD might be mistaken with
sinus venosus ASD or even ostium primum ASD. Accurate localization
of the atrial septal defect could be done with high quality echocardio-
graphy, gated CT or MRI [6]. To avoid localization mistakes and pro-
vide information for interventionalists and surgeons regarding the exact
location of the ASD and amount of septal tissue available around the
defect, it is useful to obtain or reconstruct 4 chamber view on gated CT
and MRI. Stack Cine images in 4 chamber and short axis view covering
the atria is also helpful. Obtaining true en face view through the in-
teratrial defect on cardiac MRI (as detailed above) can provide accurate

Fig. 3. Four-chamber view bright blood sequence
demonstrates a defect in the mid portion of the atrial
septum (arrow in A) consistent with ostium se-
cundum ASD. Single shot of steady-state free pre-
cession (SSFP) cine shows faint dephasing signal
across the ASD to the right atrium suggestive of a
mild left to right shunt (arrow in B).
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information about the size and location of the defect, and available
septal tissue adjacent to ASD.

Different correction strategies and options make differentiation of
atrial septal defects more important. Closure should be considered in all
hemodynamically significant ostium secundum ASDs, regardless of
patients' age or symptoms. Unlike other types of ASD, for which surgical
correction is the standard of care, percutaneous closure devices have
been developed over the last decade for treatment of ostium secundum
ASDs. The Amplatzer Septal Occluder (ASO) and Helex closure device
are approved by the FDA in the United States. However, surgical cor-
rection of an ostium secundum ASD remains a viable option in many
developing countries [17]. The advantage of percutaneous closure over
traditional surgery is a shorter hospital stay and lower complication
rate while maintaining a similar success rate of closure [18,19].

2.1.3. Ostium Primum ASD

In ostium primum ASD, the defect is close to the atrioventricular
valves. Since this type of ASD can be associated with an atrioventricular
septal defect, it also falls within the spectrum of the atrioventricular
(AV) septal defects, also known as endocardial cushion defects or AV
canal defects. The complete form of this defect includes a single large
AV valve with a large ASD and ventricular septal defect [20,21].

Cardiac MRI is the imaging modality of choice for assessment of
ostium primum ASDs since critical information on the extension and
hemodynamic significance of the defect, as well as other possible car-
diac anomalies can be obtained (Fig. 4). EKG-gated CT can also de-
monstrate ostium primum ASD and associated cardiac anomalies in
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detail [6,22]. One of the major advantages of cardiac MRI over CT is
lack of radiation. Since ostium primum cases need to be surgically
managed in early childhood, radiation is a real concern. Cardiac MRI
can provide information on the extent of the endocardial cushion defect
and assess shunt through the interatrial defect. Disadvantage of cardiac
MRI would be the length of study and necessity of general anesthesia in
children. General anesthesia is less frequently required for cardiac CT
imaging of children. Despite radiation exposure, Cardiac CT assessment
of the complex congenital heart diseases is increasingly popular. Car-
diac CT allows assessment of the extracardiac anatomy in addition to
the intracardiac anatomy and defects. However, cardiac MRI is superior
for assessment of flow quantification and intracardiac anatomy when
compared to cardiac CT. Some specific anatomic details such as cor-
onary artery origin are better seen using cardiac CT than cardiac MRI
[23].

Currently, surgical repair is the standard of choice for patients with
ostium primum ASD due to inadequate septal rims to secure device
deployment, and proximity to the defect to the AV valves.

2.1.4. Sinus venosus ASD

The defect in this type of ASD is most commonly situated in the
right atrium near the entrance of the superior vena cava (SVC), and is
less likely located near the entrance of the inferior vena cava (IVC). This
type of ASD is uncommon and is associated with other cardiac
anomalies including partial anomalous pulmonary venous drainage
(usually drainage of the right upper lobe pulmonary vein into the SVC
or right atrium) [20].

Fig. 4. A 60-year-old male with history of atrioventricular canal repair in childhood presented with atrial fibrillation. There is a residual defect measuring
2.7 x 2.0cm at the inferior aspect of the base of the interatrial septum consistent with an ostium primum atrial septal defect (image A). On steady-state free
precession (SSFP), a dephasing jet demonstrates left to right shunting (image B and C). The direct flow across the defect measured 5.9 L/min with Qp/Qs of 2.4.

56



P. Khoshpouri et al.

EKG-gated CT and cardiac MRI (Fig. 5) can show the defect and
other associated cardiovascular anomalies. As in cases of ostium
primum ASD, lack of adequate septal rims to secure device deployment,
and proximity to the vena cava makes surgical repair a more standard
treatment for sinus venosus ASDs.

2.1.5. Coronary sinus ASD (unroofed coronary sinus)

An unroofed coronary sinus is the rarest type of ASD. In this form of
ASD, part or all of the walls between the coronary sinus and left atrium
is absent. This defect can be in the form of small fenestrations to a large
defect. There is a high association between an unroofed coronary sinus
and a persistent left superior vena cava (Fig. 6) as well as other con-
genital anomalies of the heart including heterotaxia syndrome [24].
Clinical presentation of an unroofed coronary sinus is nonspecific and
dependent on the degree of left-to-right shunt and the size of the defect
which contributes to the patients' risk for stroke and brain abscess [25].

Precise assessment of all associated cardiovascular abnormalities
and the degree of shunting are essential for treatment planning [26].
Kwak, et al. reported a case of unroofed coronary sinus with total
anomalous pulmonary venous return mimicking core triatriatum in the
left atrium. Authors found 3D imaging from CT scan helpful for diag-
nosis and preoperative planning [27]. A high quality gated cardiac CT
with 3D rendering can be extremely helpful in understanding the
anatomy and associated cardiac anomalies.

Treatment of the unroofed coronary sinus consists of surgical re-
routing of the coronary sinus to the right atrium. In cases with asso-
ciated persistent left superior vena cava, rerouting of the persistent left
superior vena cava to the right atrium is also required [28].

2.2. Atrial septal aneurysm (ASA)

ASA is a congenital anomaly characterized by focal bulging of the
interatrial septum into the right and/or left atrium during the cardiac
cycle. Although ASA can be an isolated finding, there is a strong asso-
ciation of ASA with a patent foramen ovale which places these patients
at risk for cryptogenic stroke. A 33-fold higher risk of stroke has been
reported in patients with a combination of ASA and patent foramen
ovale [29,30]. Perforation of the ASA can place the patient at increased
risk for paradoxical embolism [31]. Association of ASA with mitral
valve prolapse and supraventricular tachyarrhythmias has also been
reported in the literature [32,33].

Hanley established diagnostic criteria for ASA which includes pro-
trusion of the interatrial septum by at least 1.5 cm beyond the plane of
the atrial septum or at least 1.5 cm excursion of the interatrial septum
during the cardiac cycle in total amplitude with a basal diameter of the
aneurysm of at least 1.5cm [34]. According to Hanley's diagnostic
criteria that modified by Pearson, four types of ASA can be determined
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Fig. 5. Sinus venosus ASD (yellow arrow in A). The
right middle lobe pulmonary vein (orange arrow in
A) drains into the septal defect and the right upper
lobe pulmonary vein (orange arrow in B) drains into
the SVC (yellow arrow in B), consistent with partial
anomalous pulmonary venous return. Qp/Qs mea-
sured 5.6 representing a significant shunt. (For in-
terpretation of the references to color in this figure
legend, the reader is referred to the web version of
this article.)

morphologically: 1) Type 1A, constant protrusion of the ASA toward the
right atrium. 2) Type 1B, predominant protrusion to the right atrium
with small systolic movement toward left. 3) Type 1C, protrusion to-
ward the left atrium with Valsalva maneuver. 4) Type 2C, constant
protrusion toward the left atrium [34,35]. Transesophageal echo-
cardiography (TEE) is significantly more sensitive in the detection of
ASA compared to transthoracic echocardiography (TTE). Diagnosis of
ASA can be challenging using echocardiography. ASA can mimic core
triatriatum sinister or atrial mass on echocardiography [30,36]. MRI is
the imaging study of choice for suspicious cases when echocardio-
graphy is equivocal. An ASA can be well evaluated on steady-state free
precession (SSFP) cine MRI sequence (Fig. 7). MRI can also show a
signal void through the ASA representing shunt if a patent foramen
ovale is present.

Available studies have shown that risk of recurrent stroke is not
high enough to warrant long term anticoagulation therapy or surgical
intervention. Antiplatelet treatment (aspirin) is an effective treatment
for incidental ASA [37].

3. Acquired pathologies involving interatrial septum
3.1. Interatrial septal lipoma

Lipoma is the second most common primary benign cardiac tumor
making up approximately 10% of all primary cardiac tumors [38]. The
two most common adipose-containing lesions of the heart are lipoma
and lipomatous hypertrophy of the interatrial septum (LHIS). Unlike
LHIS, lipomas are generally well-encapsulated and contain well differ-
entiated mature fat cells [1]. It can occur in any location in the heart,
including the sub-endocardial layer, which accounts for half of all cases,
and either sub-epicardial or mid-myocardial layers, which account for
the other half [1,38]. Lipoma usually occurs in younger age groups
compared to LHIS [1]. Multifocal lipomas may be seen in patients with
tuberous sclerosis. Lipomas grow slowly and since the location of the
tumor differs in each case, patients may present with various mani-
festations [38,39]. Patients with a cardiac lipoma are usually asymp-
tomatic until the lesions become large enough to exert some clinically
significant mass effect. The size and location of a cardiac lipoma con-
tributes to the potential symptoms such as dyspnea, chest pain (due to
compression effect on coronary arteries), dizziness and syncope (due to
outflow obstruction), and arrhythmias (due to compression of nerve
conducting tissues) [1,38,39].

Echocardiography can detect a mass lesion and identify its location;
however, this modality is limited in its ability to characterize fat.
Cardiac MRI and CT imaging are the diagnostic tools of choice for
differentiation of fat in soft tissue. MRI demonstrates a well-circum-
scribed mass with high signal on T1- and T2-weighted sequences, signal
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Fig. 6. Persistent left SVC (Image A and B) with right ventricular enlargement (Image C) in a patient with a defect in the wall separating the coronary sinus from the
left atrium (Image D) causing a left to right shunt. This defect represents an unroofed coronary sinus. Case courtesy of Dominik Fleischmann, MD, Stanford University

Medical Center.

loss on fat suppressed sequences, and lack of enhancement. All of the
findings which would be demonstrated buy any macroscopic fat in the
body. On CT imaging, the mass demonstrates fat attenuation and does
not enhance. Morphologically, an interatrial lipoma involves the fossa
ovalis resulting in a more globular appearance and does not have the
classic dumbbell-shape (Fig. 8), which is traditionally associated with
LHIS [40]. Fig. 8 also demonstrates that interatrial lipomas are not FDG

avid on PET.

There is no stablished guideline for management of cardiac lipomas
due to its rare occurrence. However, it is accepted that cardiac lipoma
in all symptomatic cases need to be resected. Resection should include
excision of the capsule to decrease recurrence rate. Close monitoring is
an acceptable management for asymptomatic cardiac lipomas with re-
serving intervention for rapid growing lipomas [41].

Fig. 7. Four-chamber view with bright blood sequence demonstrates a localized saccular deformity in the atrial septum at the level of fossa ovalis with protrusion to
the right and left atrium (excursion measured 19 mm in this patient). Image A in diastole and image B in systole.
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Fig. 8. Axial Non-enhanced CT (image A) at the level of the atria demonstrates
a well-defined large mass involving the interatrial septum. The mass demon-
strates fat attenuation close to the subcutaneous fat. This mass involves the
fossa ovalis, consistent with a lipoma of the interatrial septum. In contrast, li-
pomatous hypertrophy of the interatrial septum would spare the fossa ovalis
taking on a dumbbell shape. Lack of FDG activity on PET/CT (image B) is in
favor of interatrial lipoma versus lipomatous hypertrophy of the interatrial
septum.

3.2. Lipomatous hypertrophy of the interatrial septum (LHIS)

LHIS is another common adipose-containing benign lesion of the
heart that is characterized by accumulation of fat in the interatrial
septum. Unlike lipomas, LHIS is not neoplastic or capsulated, and
consists of brown fat [1]. Although the etiology of LHIS is not com-
pletely understood, one theory is that embryonal mesenchymal cells in
the interatrial septum can develop into adipose tissue with the proper
stimulus [42]. LHIS is usually seen in older and obese patients with a
higher incidence reported in women and those taking steroids. Meta-
bolic disorders such as mediastino-abdominal lipomatosis and long-
term parenteral nutrition has been also associated with LHIS. Trans-
thoracic echocardiography studies report an incidence of up to 8%,
which is higher than previously expected. This is at least in part related
to the increasing age of the general population and advancement in
imaging technology [43]. Most cases remain asymptomatic during an
individual's lifetime, thus LHIS is usually an incidental finding diag-
nosed during autopsy or on imaging obtained for an unrelated reason.
In less common symptomatic cases, LHIS can cause arrhythmia, ob-
structive flow symptoms, and rarely death.

A characteristic feature of LHIS seen with all modalities is > 20 mm
thickening of the interatrial septum with sparing of the fossa ovalis. CT
demonstrates a dumbbell-shaped, fat attenuation, non-enhancing lesion
in the interatrial septum with relative sparing of the fossa ovalis [43].
Moderate FDG activity on PET/CT (Fig. 9) is a characteristic imaging
feature that differentiates LHIS from an interatrial lipoma. This FDG
uptake had been attributed to metabolically active brown fat contained
within LHIS. [44,45]. However, there is controversy as the etiology of
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the FDG uptake in LHIS. Recent reports attributed FDG uptake of LHIS
to recurrent inflammation [46]. Cardiac MRI shows interatrial septal
thickening with signal characteristics similar to that of subcutaneous fat
tissue (high signal in T1- and T2-weighted sequences and low signal in
fat suppressed sequences) [47,48].

Asymptomatic cases are best managed with reassurance. Surgical
intervention, with resection, and reconstruction of the interatrial
septum, is reserved for cases with intractable arrhythmia or severe
obstructive disease [43].

3.3. Myxoma

Myxomas are the most common primary benign cardiac tumors.
They are mostly solitary and pedunculated with smooth surface and
gelatinous consistency [49-51] and are most commonly located at the
fossa ovalis in the sub-endocardial tissue of atrial septum [50]. Myx-
omas are predominantly located in the left atrial cavity (75-80%), up to
15-20% of cases are seen in the right atrium, and 5% arise in the
ventricles or are multifocal [49]. This tumor is most commonly seen
sporadically in middle-aged (30-60years old) adults with slightly
higher prevalence in women [49,50]. However, myxomas can also
occur in familial syndromes (nearly 10% of cases), in which case lesions
are often multicentric, in atypical locations, more common in men, and
may reoccur even with complete resection [50]. The clinical presenta-
tion can vary from asymptomatic to sudden death (rarely) depending
on the site, size, and mobility of the tumor as well as the existence of
any thrombosis on the surface of the tumor [52]. While patients with
right atrial myxomas can be asymptomatic most of the time, they can
present acutely with right-sided cardiac dysfunction secondary to tri-
cuspid valve obstruction [49,51]. On the other hand, patients with left
atrial myxomas can have more chronic symptoms like dyspnea or or-
thopnea due to intermittent mitral valve obstruction and pulmonary
edema [49]. There are some cases that express the classic triad of the
disease: pulmonary edema, progressive heart failure, and embolic
events [51].

The first-choice modality to diagnose a cardiac tumor is TTE and,
for more a more detailed evaluation, TEE can be done [52]. For con-
firmation, CT and/or MRI would provide more details of the mass and
surrounding tissues and structures, e.g. vasculature, fat, edema, calci-
fication [52]. The definitive diagnosis would be made by biopsy. After
diagnosis is confirmed, the best management is surgical treatment [52].
Preoperative differentiation of intraatrial myxoma and thrombus is of
high importance due to the vastly different treatment options in the
setting of similar clinical symptoms such as peripheral embolization
and intracardiac/valvular obstruction [53]. MRI is very helpful in dif-
ferentiating these two pathologies. Signal characteristics of myxoma are
isointense on T1-weighted images, high intensity on T2-weighted
images, lack of signal drop on fat suppressed sequences, and hetero-
geneous enhancement due to areas of necrosis, cystic degeneration,
calcification, and hemorrhage (Fig. 10). It is possible for myxoma to
have thrombus on its surface [2]. Although, cardiac MRI have sig-
nificantly improved differentiation of atrial myxoma form clot, several
pathologies can still mimic cardiac myxoma including fungal infective
endocarditis [54], and primary and secondary cardiac neoplasms
[55,56]. Patient's signs and symptoms, lesion location and morphology
such as presence or abscess of stack and invasion to the cardiac wall can
help differentiate myxoma from other mimics.

Surgical excision of myxoma is safe and effective treatment.
Excellent results have been reported from excision of the tumor with or
without normal atrial margin. Long term clinical and imaging (echo-
cardiographic) follow up is recommended since rare late recurrence has
been reported [57].

3.4. Thrombosis

Intracardiac thrombus is of high clinical significance because of its
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Fig. 9. Axial non-contrast CT demonstrates a
dumbbell-shaped fatty infiltration in the interatrial
septum with sparing of the fossa ovalis (Image A).
PET/CT shows high FDG uptake in the septum con-
firming brown fat infiltration, consistent with lipo-
matous hypertrophy of the interatrial septum. (For
interpretation of the references to color in this figure
legend, the reader is referred to the web version of
this article.)

Fig. 10. Mass in the left atrium arises from the interatrial septum adjacent to the fossa ovalis. The mass has heterogeneous signal intensity on bright blood sequence
(image A) and heterogeneous high signal intensity on T2-weighted sequence (Image B). Post contrast sequence demonstrates heterogeneous enhancement with foci of
enhancement and some area of non-enhancement (image C). Image D demonstrates the CT correlate of this mass on a CT chest angiography. Image findings are

consistent with left atrial myxoma.

potential complications, confounded by poor clinical evidence to help
clinicians in optimal management. Distinguishing intracardiac thrombi
form other filling defect, such as tumors or normal structures (large
papillary muscles or trabeculations), is critical since anticoagulation,
the treatment for intracardiac thrombi, has serious potential compli-
cations. Mitral valve disease/prosthesis, left atrial contractile disorder,
such as atrial fibrillation, and left ventricular dysfunction are predis-
posing factors for left atrial thrombosis. A right atrial thrombosis is less
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common than a left atrial thrombosis. Right atrial thrombosis usually
occurs in patients with central catheters, EKG lines, atrial arrhythmias,
or coagulopathy disorders [58]. Heart dysfunction, and tricuspid valve
disease are other risk factors for right atrial thrombosis [53]. Both left
and right atrial thrombi can cause mechanical valve dysfunction if large
enough or become adherent to the mitral or tricuspid valve leaflets. A
left atrial thrombus could be a source of peripheral embolism including
central nervous system thromboembolic disease. A right atrial



P. Khoshpouri et al.

Clinical Imaging 55 (2019) 53-64

Fig. 11. A 30 x 18 mm large mass appears to be attached/adjacent to the interatrial septum on echocardiography. The mass is isointense on bright blood sequence
(image A) and has heterogeneously high signal on T2-weighted sequence (image B). There is poor contrast uptake on first-pass images (image C) and no enhancement
on delayed enhance sequence (image D with breathing motion artifact limitation). Dark signal on long TI (600 ms) sequence (image E) confirms lack of enhancing

tissue. These findings are consistent with a subacute thrombus.

thrombus can shed emboli to the pulmonary vasculature and cause
pulmonary embolism. Although left atrial appendage is the presumed
location of thrombus formation in patients with atrial fibrillation,
Waller B. et al. reported a 58% rate of thrombosis in the body of the left
atrium and 6% thrombosis in the body and appendage in patients with
mitral stenosis and left atrial thrombosis [59].

Ventricular thrombi are generally detected by TTE while TEE has a
clear advantage for better detection of the bilateral atrial and atrial
appendage thrombi via the exam technique which eliminates

61

intervening lung and bone [53]. However, TEE may lead to complica-
tions associated with intubation of the esophagus including upper
gastroesophageal bleeding and esophageal rupture. TEE is therefore
contraindicated in patients with esophageal varices, recent upper gas-
trointestinal bleeding, and esophageal stricture [60].

Distinguishing large filling defects, specifically myxoma—the most
common tumor in the left atrium, from atrial thrombus can be chal-
lenging on TEE. To further complicate matters, approximately one third
of left atrial myxomas present with thromboembolism of the tumor
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Fig. 12. A 30 x 31 x 40 mm large right atrial mass attached to the interatrial septum is isointense to myocardium on bright blood sequence (image A). There is
enhancement similar to the myocardium on perfusion images (image B). The mass also demonstrates heterogeneous enhancement on delayed enhance sequence
(image C). These findings are consistent with metastasis in this 57-year-old male with history of lung cancer.

fragments or overlying thrombus, which adds more confusion to the
clinical picture of patients with intraatrial filling defects [61]. Like
myxoma, an atrial thrombus can be attached to the interatrial septum.
Right atrial thrombus adjacent to the base of the interatrial wall can
mimic normal variant anatomy like Chiari's network on echocardio-
graphy or cross-sectional imaging [62]. Cardiac MRI and use of contrast
can significantly help in differentiating intracardiac thrombi from other
masses or filling defects including myxoma. T1- and T2-weighted signal
characteristics of intraatrial thrombi differ by the age of thrombus. In
acute phase, the thrombus shows intermediate T1- and T2-weighted
signal intensity due to the presence of oxygenated hemoglobin. A
subacute thrombus demonstrates lower T1- and higher T2-weighted
signal intensity due to metabolism of hemoglobin to methemoglobin
and more internal water content from red blood cell lysis. In the chronic
phase, increasing fibrous tissue in the thrombus, resulting in less in-
ternal water, leads to low signal intensity on both T1- and T2-weighted
images. The other imaging feature that can differentiate thrombus from
myxoma is lack of enhancement on first-pass perfusion, or delayed
gadolinium enhancement due to lack of blood vessels in thrombus.
However, Chronic organized thrombus might have some peripheral
enhancement due to its fibrous content [2]. Assessment of enhancement
of small lesions is also challenging. Therefore, relying on enhancement
to differentiate thrombus from myxoma can be misleading in real life. A
much more accurate method for identification of thrombus is the long
inversion time (TL: 450-600 ms) sequences. Delayed gadolinium en-
hanced sequence with long TI, which nulls avascular tissue, is very
useful in differentiating intracardiac thrombosis from myxoma and
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other tumors (Fig. 11). On this sequence, any enhancing tissue (normal
myocardium or vascular tumors like myxoma) demonstrate increased
intensity while thrombus becomes homogeneously black [63]. T1- and
T2-mapping are rapidly expanding techniques with some utility in
characterization of cardiac tumors including intracardiac thrombus
[64,65]. However, more robust data validating the currently available
reports are required [66]. To date, T1- and T2-mapping are still not as
accurate as long TI in detection of intracardiac thrombus.

There is lack of robust clinical evidence to guide physicians mana-
ging intracardiac thrombus. Despite significant advances in en-
dovascular treatments techniques, anticoagulation is still the main
treatment option. Anticoagulation will halt progression and prevent
development of new thrombus, but it does not treat the occlusive
symptoms that may occur. Therefore, percutaneous or surgical removal
of the intracardiac thrombus might be required in certain high risk
patients. Precise assessment of risk: benefit with attention to the unique
clinical scenario of each case is required before choosing any invasive
approach [67].

3.5. Metastatic involvement

Metastatic involvement of the heart is on average 30 times more
common than primary cardiac tumors. Approximately 12% of patients
with neoplasm are reported to have cardiac metastasis on autopsy [68].
Many cases of cardiac metastasis remain asymptomatic. Clinical pre-
sentation depends on the location and size of metastatic deposit which
could cause arrhythmia, obstructive or restrictive physiology, or valve
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dysfunction. Metastatic involvement of the heart can occur via direct
spread from lung or breast cancer, transvenous spread like renal cell
carcinoma, hematogenous spread like melanoma and lymphoma, or
lymphangitic spread [2]. Although the pericardium is the most common
location for cardiac metastasis, metastatic spread of tumor cells can be
found in any cardiac location including the interatrial septum.

With the exception of melanoma, which has high T1-weighted
signal intensity due to high melanin content, cardiac metastases are
usually low in signal on T1-weighted imaging and high in signal on T2-
weighted imaging. Post contrast images in either early or late en-
hancement phase are expected to demonstrate heterogeneous en-
hancement (Fig. 12) [1].

Surgical management of cardiac metastasis is often challenging due
to multifocality if the tumor involvement and involvement of the other
organs. Nevertheless, resection is an available option is selected cases
with resectable tumor without involvement of other organs [50].

4. Conclusion

With advances in CT and MRI cardiac imaging, radiology plays a
significant role in the identification and characterization of interatrial
lesions. It is also very important to the medical and surgical manage-
ment of these lesions. Radiologists and cardiologists must be familiar
with the imaging features of interatrial septal lesions so they can ap-
propriately diagnose and guide patient care.
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