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INTRODUCTION
Cardiac masses are a relatively uncommon entity which can
be classified as either a tumor or tumorlike condition. The
prevalence of cardiac tumors is low, estimated at 0.002% to
0.03% on autopsy series. In fact, many of the cardiac lesions
detected are usually tumorlike lesions, with thrombus repre-
senting most cases. Cardiac tumors can be further classified
as primary or secondary, with secondary tumors due to meta—
static disease being 20 to 40 times more common than primary
cardiac tumors (Fig. 26.1). While the classification of theses
lesions into benign or malignant entities is an important prog-
nostic factor, any cardiac tumor or tumorlike condition can
cause significant morbidity or mortality by causing embolic,
arrhythmogenic, or obstructive manifestations. Advances in
cardiac imaging, particularly cross-sectional imaging, have
significantly expanded the role of imaging in the evaluation
of these lesions.

IMAGING- TECHNIQUES
AND PROTOCOLS

Cardiac masses are often detected incidentally on routine
echocardiography or computed tomography (CT) studies,
performed for other reasons. With the increasing temporal
resolution of conventional CT, there are an increasing num-
ber of incidental cardiac lesions detected on routine chest
and abdominal imaging. Once discovered, localization of
the lesion is the first important diagnostic step. Knowing the
location of the lesion alone can aid in narrowing the differ-
ential diagnosis (Figs. 26.2 and 26.3). Many times, reported
cardiac lesions either reflect normal structures or are related
to extracardiac lesions from the adjacent structures, including
the pericardium, mediastinum, 0r lungs. Visualization of the
epicardium and/or pericardium can be helpful in distinguish-
ing intra— versus extracardiac lesions. Localizing the epicen-
ter of the lesion within the heart will aid in the diagnosis of
cardiac masses. Detecting calcification, fat, or fibrous tissue
within the lesion will help narrow the diagnosis. Imaging fea-
tures can also aid in determining if the lesion has benign or
malignant features (Table 26.1). Of course, one of the most
crucial questions to answer is whether the lesion is a mass or
a thrombus.
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Echocardiography
Several imaging modalities are available to evaluate cardiac
masses, each with different advantages and disadvantages.
Transthoracic echocardiography remains the first-line imaging
technique used to evaluate cardiac masses, as it is widely avail—
able, readily performed, and relatively inexpensive. It provides
excellent real-time imaging to evaluate heart morphology, and
ventricular and valvular function. However, the poor soft tis-
sue contrast of echocardiography and its restricted acoustic
windows limit its ability to completely characterize cardiac
masses. Echocardiographic evaluation of the adjacent ext-
racardiac structures is also limited and the extent of local
involvement is not always assessed. In addition, large infiltra—
tive extracardiac masses may be misinterpreted as primarily
intracardiac in location due to the narrow field of view. While
transesophageal echocardiography is superior in its available
acoustic windows, it remains limited by its restricted fields of
View and soft tissue contrast.

Cross—Sectional. imaging
With recent advances in techniques, cross—sectional imag—
ing with cardiac CT and cardiac magnetic resonance imag-
ing (CMR) is increasingly relied on for further evaluation of
suspected cardiac lesions. ECG gating, the ability to time the
imaging acquisition to the patient’s electrocardiogram, limits
motion artifact and can help provide functional analysis.

( int-Inti' II E ECG-gated cardiac CT—with high spatial reso-
lution, multiplanar image reconstruction capabilities, and fast
acquisition times—allows for the accurate detection and local-
ization of cardiac masses. Although the ability of CT to charac-
terize tissue is not as good as MRI, CT is excellent in detecting
the presence of fat, fluid, and calcification within lesions. Ret—
rospective ECG gating, where the heart is imaged throughout
the cardiac cycle, may be helpful to demonstrate movement of
the mass during the cardiac cycle. Disadvantages of cardiac CT
include decreased temporal resolution, exposure to ionizing
radiation, and inferior soft tissue contrast as compared with
MRI. The need for intravenous contrast limits CT availability
in patients with renal failure or prior contrast allergy.
Intravenous, nonionic contrast is an important compo—

nent in the CT evaluation of cardiac lesions. If the location
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of the lesion in question is known, the contrast timing can
be tailored to opacify the region of interest by using either
bolus tracking or timing—bolus techniques. Bolus tracking is
performed by placing a region of interest in a specific area
(depending on What needs to be opacified for the examina-
tion) and serial images are obtained, with subsequent trigger-
ing of the scan when the density Within the region of interest
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exceeds a designated threshold value. Timing-bolus technique
utilizes a preliminary scan using a small quantity of contrast
(10 to 20 mL), and the transit time for the time for the contrast
to peak (TTP) in the region of interest is calculated. Other-
wise, a larger volume of contrast should be administered to
ensure adequate opacification of all chambers. Delayed-phase
imaging may be helpful in assessing tumor enhancement or to
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i H ii H1 " Schematic Depiction of the Typical Location of Common Cardiac Masses.
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I lift It i _‘ ti. 3.. Schematic Depiction of Common Cardiac Masses and Their Location With Relation to the Myocardium.

improve opacification of the right atrium, IVC, or left atrial
appendage.

( ids-Jim: ’i If“. Cardiac MRI is currently the modality of choice
in evaluating cardiac masses. It is noninvasive, offers multipla-
nar imaging, unrestricted fields of view, and provides excel—
lent soft tissue contrast. Gradient echo cine imaging allows for
excellent localization of the mass and simultaneously allows
for functional analysis. T1- and T2-weighted imaging (T1W
and TZW) provides valuable anatomic definition and tissue
characterization. However, definitive differentiation between

benign and malignant lesions based on these signal charac-
teristics alone are difficult due to the wide overlap of many
tumors, as most tumors demonstrate low to intermediate sig-
nal on T1W imaging and high signal on the TZW imaging.
Fat-saturation techniques are routinely used to evaluate for
the presence of fat. Postcontrast Tl—based perfusion and late
gadolinium enhancement (LGE) images are key sequences to
evaluate for lesion vascularity and enhancement (Table 26.2).
The cardiac MR protocol is tailored to detect the lesion,

evaluate its morphology, and define its tissue components.
Scout images and nontargeted axial images of the chest are

TABLE 26.1

BENIGN VERSUS MALIGNANT IMAGING FEATURES

I FEATURES I BENIGN I MALIGNANT

Size

Number of lesions

Location

Margins

Pericardium

Tissue characteristics

I Small, <5 cm

I Single

I Left sided

I Smooth
I Well-defined borders
I No extension through tissue planes

I No involvement

I Homogeneous
I Absent to minimal early enhancement.
I Variable delayed enhancement

I Large, >5 cm

I Multiple
I Right sided
I Irregular
I Ill—defined borders
I Direct invaSion through tissue planes
I Hemorrhagic pericardial effusion
I Pericardial invaSion or multiple nodular masses

I Heterogeneous due to hemorrhage and necrOSis
I Prominent early enhancement.
I Variable delayed enhancement
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TABLE 2452
SUMMARY AND EXPLANATION OF THE CARDIAC MR SEQUENCES UTILIZED IN THE DETECTION
AND EVALUATION OF CARDIAC MASSES

S- DESCRIPTION

- iii't‘iiéi'ssii: or FSE
I Large field of View
I Covers the entire thorax

Iii SEQUENCES

3D scout images and ti'ansaxial
images

! UTILITY

I Overview of anatomy
Visualization of large lesions involvmg the
mediastinum/lungs

Cine SSFP I Performed in the standard two-chamber, I Confirmation/localization of the lesion
four-chamber, and stacked short-aXis views I Assesses lesion size, mobility, effect on

Visualize the lesion
Can also be performed in planes to optimally the myocardial function, and valvular

structures
T1W +/— fat saturation I TIW black blood double IR FSE images, I T1 tissue characterization

triple IR used to null fat I Assesses for fat components, hemorrhage,
or necrOSis

TZW +/— fat saturation I TZW black blood double IR FSE images; I T2 tissue characterization
triple IR used to null fat - ASSCSSBS fOI edema 01' I'ICCI'OSIS

Myocardial tagging (optional) I Different tagging sequence techniques can be I Evaluates for the presence of infiltration
utilized into the mvocardium or pericardium

I Detection of a noncontractile intramyo-
cardial mass

Perfusion imaging I During the administration of gadolinium I Assesses leSion vascularity and distin-
(0.1—0.2 mmol/kg)
I Dynamic FLASH imaging

guishes from myocardium or thrombus

Early postcontrast TIW I 3D volumetric breath-hold T1 fat-saturated I Assesses lesion enhancement and distin-
or TIW double IR FSE images guishes from mv‘ocardium or thrombus

Late gadolinium enhancement I 10 minutes after contrast injection I Assesses lesion enhancement and distin-
I Segmented double inversmn recovery FSE
sequence
I Inversion time (typically 200—300 ms) set to
achieve appropriate nulling of the normal

guishes from myocardium or thrombus
I Can also perform imaging at an inversion
time of 600 ms to aid in distinguishing
thrombus versus mass

myocardium, determined Via a TI scout or
Look—Locker sequence

first utilized to help locate the lesion and plan subsequent tar-
geted imaging. Steady-state free precession (SSFP) cine images
are then performed and prescribed based on the location of
the mass. In general, the entire mass should be evaluated in
at least one plane to ensure accurate characterization. After
the mass is localized, TIW and TZW sequences should be
obtained through the lesion prior to contrast administration
to characterize the tissue types. In lesions localized near or
within the pericardium, myocardial tissue tagging—a dynamic
tagged sequence—can aid in the detection of myocardial infil—
tration or adhesions. In addition, tagging sequences can help
detect the presence of a noncontractile intramyocardial mass,
such as a rhabdomyoma, or differentiate a true mass versus
asymmetric focal hypertrophic cardiomyopathy.
After localization and basic tissue characterization, post-—

contrast imaging following the intravenous administration
of gadolinium-based contrast is a key component to the MR
evaluation. The tumor should be imaged during first-pass per-
fusion to allow for detection of early arterial enhancement.
Afterward, Tl-postcontrast imaging should be performed
in the same plane as the T1W precontrast images to allow
for accurate comparison. LGE images are performed 10 to
15 minutes after the administration of contrast, which is use-
ful to detect late gadolinium enhancement of the mass or sur-
rounding myocardial enhancement due to the mass. The LGE
characteristics may help differentiate thrombus or other benign
lesions from the malignant ones which typically demonstrate
increasingly greater enhancement. Utilizing longer inversion

recovery times (such as 600 ms) can distinguish a thrombus
from a tumor.
While an excellent tool for cardiac mass evaluation, MRI

does have its limitations. First off, MRI examinations require
a patient to lie supine in a relatively enclosed tube for a pro-
longed period, often greater than 1 hour. Sedation may be nec—
essary for patients with severe claustrophobia or those Who
cannot follow instructions. This can prolong imaging time due
to the need to perform multiaverage sequences. In addition,
small masses may not be detected on MRI due to its relatively
decreased spatial resolution compared to other modalities
such as CT (Table 26.3).

“12W. 1' --.- _. ' . “TM a. in Ti 1' WC I:isnifgihf‘l Craniaajmim ii Ur . “firm
_’\-;‘L;I.:i‘:l'3ril'iik'“.l.-Jl. Myxornas are benign lesions of endocardial origin.
They are the most common primary cardiac tumor and repre-
sent 50% of all benign cardiac masses and 25% of all primary
cardiac tumors. They usually occur in the fourth to seventh
decades of life and approximately 60% of affected patients are
female. Myxomas arise from undifferentiated and totipotent
mesenchymal stem cell and have a gelatinous composition
described as an acid mucopolysaccharide—rich stroma. Greater
than 90% of cases are sporadic and usually solitary. How-
ever, cardiac myxomas can be seen in patients with the Carney
complex, which is an autosomal dominant disorder charac—
terized by an increased risk of tumors including cardiac and

Patty Pua MD
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cutaneous myxomas. Other Carney complex associations
include hyperpigmented skin lesions, endocrinopathy, and ext—
racardiac neoplasms such as breast fibroadenomas, melanotic
schwannomas, or pituitary adenomas. In cases where myxo-
mas are multifocal, extra~atrial, or recurrent, association with
the Carney complex should be suspected.
There is a varied clinical presentation in patients with a cardiac

myxoma, depending on the lesion location, size, and its effect on
cardiac function. The triad of intracardiac obstruction, emboliza—
tion of tumor, and constitutional symptoms is classically described.
Since the majority of tumors occur in the left atrium, symptoms
are commonly related to mitral valve obstruction and include dys-
pnea and orthopnea from pulmonary edema (Fig. 26.4b). Right
atrial tumors can present with findings of tricuspid valve obstruc-
tion, including peripheral edema and syncope.
As demonstrated on imaging, myxomas are commonly

intracavitary with 75% to 80% of myxomas found in the left
atrium, with the majority arising from the interatrial septum
near the fossa ovalis. A minority of cases may arise from the
chamber walls or valve surfaces. Larger tumors may obstruct
or prolapse through the mitral valve. Ten to twenty percent of
tumors occur in the right atrium. Myxomas originating in the
ventricular chamber or atrioventricular valves are rare. Most
cardiac myxomas are well-defined lesions which are ovoid
or round in shape (Fig. 26.4A). They may be pedunculated
on a discrete stalk or have a broad stalk or base of attach-
ment with the pedunculated lesions having an increased
chance of prolapsing and obstructing the adjacent atrioven~
tricular valve. While the majority of myxomas are smooth
or lobulated, there is a subset of villous 0r papillary myxo-
mas which has multiple fragile, villous extensions, increasing
the risk for embolization. Embolization is of much greater
concern for left atrial masses due to the downstream systemic
circulation (Fig. 26.4B).

Chapter 26: Cardiac Masses

Aside from lesion detection and localization, imaging will
aid in lesion characterization. On echocardiography, myxo-
mas may be homogeneous or heterogeneous, with hyperechoic
areas representing focal calcification and hypoechoic regions
relating to cystic, necrotic, or hemorrhagic components. In
general, echocardiography is an excellent tool to visualize the
myxoma’s effect on surrounding structures, including valvular
obstruction. On CT, myxomas are usually hypodense masses
attached to the interatrial septum in the region of the fossa
ovalis and may enhance heterogeneously with contrast admin-
istration. CT is an excellent tool for detection of calcification,
Which is visible in approximately 10% of cases. On MRI,
myxomas classically demonstrate isointense signal on TlW
images and hyperintense signal on T2W images. However,
because myxomas have varying components Within them,
including hemorrhagic, myxomatous, cystic, fibrous, and/or
necrotic tissue, many are heterogeneous in signal. The lesion
is usually hyperintense to myocardium on bright-blood SSFP
sequences and will enhance following the administration of
gadolinium-based contrast agents (Fig. 26.4A,B). For most
cases of cardiac myxomas, the key imaging feature in the diag-
nosis remains its location and relationship with the interatrial
septum. When in this characteristic location, there is little else
in the differential diagnosis. When in an atypical location, the
differential diagnosis can include a variety of tumors includ-
ing benign tumors such as fibroelastomas, hemangiomas, and
malignancies such as metastases.

{xiii-0mg: Intracardiac lipomas are benign lesions which consti-
tute approximately 10% of all primary cardiac tumors. Lipomas
consist of encapsulated mature adipose cells which are com-
monly well defined, round or oval in shape, and broad-based.
The majority of cases arise from the epicardial surface and
extend outward into the pericardial space. However, lipomas

24‘

i H7-3-I!L“".=‘!T=:7i r; Cardiac Myxoma. Axial
postcontrast CT (A) demonstrates a broad—
based hypodense mass (arrow) extending
from the interatrial septum into the left
atrium. It demonstrates isointense signal on
TlW images (B), hyperintense signal on TZW
images without (C) and with fat saturation
(D), and heterogeneous enhancement on early
postcontrast T1W imaging (E). After surgical
removal, pathology was consistent with an
atrial myxoma. (continued)
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l- It .11.”. [ 2 r7. 4 l 1. (Continued) Villous cardiac myxoma with embolization into the right coronary artery in a 40—year-old woman. 4—chamber SSFP images
obtained during systole (A) and diastole (B) shows a large left atrial mass attached to the region of the fossa ovalis (white arrows). The edges of the mass
are ill—defined. During diastole, the mass prolapses through the mitral valve into the left ventricle (white arrowhead, B). On T1 weighted precontrast
image (C), the mass is predominantly isointense to hypointense in signal compared to the myocardium. The mass shows heterogenous enhancement
on TIW post—contrast imaging (D) which ranged from hypointense to hyperintense (white arrow, D) to myocardiurn. Delayed enhancement image (E)
shows subendocardial infarct in the inferior wall due to RCA territory infarct (white arrowhead). Portions of the tumor can be seen in the left ventricle
(black arrow). Myxoma tumor thrombus was removed from the RCA during cardiac catheterization and confirmed pathologically.

can also arise from the endocardium and pericardium. Most
cases are asymptomatic and often discovered incidentally; how-
ever, larger lesions can cause obstruction to flow or impinge on
ventricular wall motion when located in the pericardial space.
On CT, lipomas are homogeneous, well-defined lesions

demonstrating density within the fatty range measuring less
than —50 HU. On MRI, lipomas will follow fat signal on all
sequences, decrease in signal with fat—suppression techniques,
and will not demonstrate enhancement. The presence of a
chemical shift/“India ink” artifact at the interface between
the lipoma and the surrounding tissue on SSFP sequences is
another characteristic finding (Fig. 26.5). While both cardiac
lipomas and lipomatous hypertrophy of the interatrial septum
will demonstrate identical signal characteristics, the location
of the lesion within the interatrial septum with sparing of the
fossa ovalis will allow differentiation of lipomatous hypertro-
phy from a true lipoma.

i’apiiiaij' I tiit‘t'it'ifutsftiffht. Papillary fibroelastomas are benign
endocardial—based lesions which constitute approximately
10% of all primary cardiac tumors. Fibroelastomas contain
avascular dense connective tissue covered in a single layer of
endothelium. They are generally small in size, measuring less
than 1 to 1.5 cm on average. Pathologically, they have multiple
papillary frond-like projections which are attached by a stalk—
like projection to the valvular endocardium. Their appearance
on gross pathologic examination has been compared to a sea

anemone. Ninety percent of fibroelastomas occur on cardiac
valves and they account for 75% of all valvular neoplasms.
However, as they can occur on any endocardial surface, they
should remain in the differential diagnosis when an endocardial-
based mass is present. Most occur on the aortic and mitral valves
and are usually located on the aortic side of the aortic valve
and the atrial side of the atrioventricular valves, away from the
free edge of the leaflet. No known familial cases of papillary
fibroelastomas have been reported and they are usually solitary.
Most cases of papillary fibroelastoma are asymptomatic and
discovered incidentally; however, due to their friable nature and
propensity for thrombus formation on their surface, there is an
association with transient ischemic attacks and strokes.
Echocardiography is usually the best modality to detect

and evaluate papillary fibroelastomas. The excellent tem-
poral resolution of ultrasound allows for detection of these
small, highly mobile lesions which are attached to the valve
leaflets. Fibroelastomas will appear as homogeneous soft tis-
sue attenuation lesions on ECG-gated CT, which can be used
for presurgical planning (Fig. 26.6). On MRI, the lesions will
demonstrate intermediate signal on T1W images and hyper-
intense signal on TZW images. Cine SSFP MR sequences may
demonstrate turbulent flow surrounding the low signal mass.
While there may be mild enhancement on TIW postcontrast
imaging, fibroelastomas often show intense enhancement on
delayed enhancement sequences obtained 10 minutes after the
administration of intravenous contrast due to the presence of
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HGURQE ‘33.; .. Cardiac Lipoma. Axial CT image (A) with multiplanar reconstructions in the three-chamber
(B) and short-axis (C) Views demonstrates a hypodense intramural mass (arrow) in the apical interventricular
septal segment. Axial SSFP MR image (D) demonstrates peripheral “India ink” artifact (arrow) indicating
the presence of a fat-containing lesion. These findings are most consistent with an intramyocardial lipoma.

l”l(Iii-l3;J'ilifiii' Sit-LG. Valvular Papillary Fibroelastoma.
Multiplanar CT images in the three-chamber (A),
LVOT (B), and aortic valve (C) Views demonstrate
a pedunculated mass (arrow) arising from the com—
missure between the left and right aortic valve
leaflets. Pathology was consistent With a papillary
fibroelastoma.
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l H. .1 lil 3::1. “. Cardiac Rhabdomyoma. Axial CMR T1W imaging (A) demonstrates a hypointense intracavitary mass (arrow) which demon-
strates mild hyperintense signal (arrow) on the TZW sequences (B) in a newborn with known tuberous sclerosis.

fibrous tissue. The presence of delayed gadolinium enhance-
ment is a key feature in distinguishing a fibroelastoma from a
vegetation, which is the main differential diagnosis for a valvu-
lar mass. In general, while inflamed tissue surrounding a veg—
etation may enhance on delayed imaging, enhancement within
a vegetation is usually mild or absent. In addition, as vegeta—
tions represent infected thrombi, there is often destruction of
the associated valve with valvular or perivalvular regurgita-
tion, which is absent with fibroelastoma. Lastly, patients with
infective endocarditis are often febrile, septic, and the lungs
may demonstrate subpleural cavitary nodules due to septic
emboli. These findings are absent in fibroelastomas.

Rh.-rinhnnrnm.r. Cardiac rhabdomyomas are benign con-
genital tumors which are the most common primary tumors
in infants and children. They account for 50% to 75% of
pediatric cardiac tumors, equally affecting males and females.
Rhabdomyomas are hamartomas of altered enlarged car-
diac myocytes which arise as small intramural nodules in
the ventricular myocardium, measuring between 1 and 3 cm
on average. While these tumors may be solitary and occur
in isolation, 50% of cases are seen in patients with tuberous
sclerosis and are usually multiple. The presence of multiple
cardiac rhabdomyomas has a 95% association with tuberous
sclerosis, and almost all patients with this genetic disorder
will have cardiac rhabdomyomas in infancy. The majority of
cases are asymptomatic and many of the tumors will regress
with age, usually before the age of 4. Occasionally, rhabdo-
myomas can cause in utero arrhythmias, or protrude into the
ventricular chamber causing obstruction, heart failure, and
intrauterine demise.
Most rhabdomyomas are detected on pre~ or postnatal

echocardiograms, seen as solid hyperechoic masses either
within the ventricular myocardium or intracavitary and
attached to the myocardium. Given that their attenuation is
similar to normal myocardium, rhabdomyomas may be diffi-
cult to detect on CT but can appear as smooth, intramyocardial
nodules. On MRI, they are isointense to normal myocardium
on T1W images, mildly hyperintense on TZW images, and will
demonstrate minimal to no hyperenhancement after adminis-
tration of contrast (Fig. 26.7). The differential for a cardiac

mass in a neonate or infant includes rhabdomyoma, fibroma,
teratoma, and rhabdomyosarcoma. Rhabdomyomas can be
differentiated by their multiplicity, homogeneous soft tissue
signal, hyperintense signal on TZW sequences (as opposed to
cardiac fibromas), and minimal to no enhancement.

! gum-um... Cardiac fibromas are benign fibrous hamartomas
which are the second most common cardiac tumors in infants
and children. About one~third of cases are found in infants
before the age of 1, while 15% of cardiac fibromas are found
in adolescents and adults. They are nonencapsulated fibrous
tumors composed of neoplastic fibroblasts and abundant
collagen. Fibromas are typically solitary, intramural tumors
measuring between 2 and 7 cm. It may be a discrete mass or
focal wall thickening, mimicking focal hypertrophy. The left
ventricular wall or interventricular septum are common loca—
tions, with rarer cases found in the right atrium or ventricle.
These tumors have an association with Gorlin syndrome (also
termed basal cell nevus syndrome), an autosomal dominant
syndrome of basal cell carcinoma, odontogenic keratocysts,
and other neoplasms. One-half to two-thirds of the cardiac
fibromas are symptomatic with a range of symptoms includ-
ing chest pain, heart failure, arrhythmias, syncope, or sudden
cardiac death.
On CT, fibromas will classically appear as a well-defined,

homogeneous low attenuation mass located within the left ven-
tricular myocardium. Coarse calcifications are present in 15%
to 20% of cases and are often located centrally. After contrast,
fibromas demonstrate mild enhancement on CT. On MRI,
fibromas are usually isointense to the adjacent myocardium
on T1W MR sequences, and hypointense on the T2W images
due to their fibrous components. While fibromas are avascu-
lar and will show no enhancement during perfusion imaging,
they will classically show intense enhancement with late gad-
olinium imaging due to their large amount of collagen creat-
ing an expanded extracellular space for contrast to pool into
(Fig. 26.8). The differential diagnosis for an intramural myo-
cardial lesion includes metastatic disease, rhabdomyoma (par—
ticularly in children), hemangioma, rhabdomyosarcorna, and
focal hypertrophic cardiomyopathy which can mimic a mass.
However, the combination of hypointense signal on the TZW
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Fifiiilllvf.iizl 2.6.8. Cardiac Fibroma. Axial nongated postcontrast CT (A) demonstrates a large mass within the right ventricular apex (arrow) with
several calcified foci. It demonstrates hypointense signal on TIW images (B), hypointense signal on TZW images (C) without and with fat sat-
uration (D), lack of contrast enhancement during perfusion (E) indicating avascularity, and hyperintense homogeneous enhancement on LGE
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imaging (F). The diagnosis of cardiac fibroma was confirmed after surgical removal.
\_—__—: :5:

sequences and intense LGE is very uncommon in any other
entity aside for a fibroma.

Hem.Highway. Cardiac hemangiomas are rare tumors that
account for 5% to 10% of all primary benign cardiac tumors.
They are composed of vascular endothelial cells and can be
arteriovenous, capillary, or cavernous in type. Fifty percent of
cases are made up of the arteriovenous type, which is made
up of dysplastic arterial and venous structures. Hemangiomas
can be located in any part of the heart with 75% of cases being
intramural. Intracavitary tumors are usually smaller and can
be connected to the endocardium by a short stalk. Cardiac
hemangiomas are commonly asymptomatic, although patients
may present with dyspnea 0n exertion. There is an association
with Kasabach—Merritt syndrome, which is Characterized by
multiple hemangiomas causing recurrent thrombocytopenia
and consumptive coagulopathy.
On cardiac CT, hemangiomas are heterogeneous in density

and will exhibit heterogeneous enhancement after contrast
administration. Some cases may demonstrate internal calcifi—
cations. On MRI, they are heterogeneous and predominately
hyperintense on both the T1W and TZW images. On both per—
fusion and delayed-phase imaging, the arteriovenous and cap-
illary subtypes will demonstrate intense enhancement due to
their vascular components, except in the areas of calcification
(Fig. 26.9).

ii.HI?!_i£;;‘;‘fi1\i;1-ii-rh Cardiac paragangliomas are rare cardiac
tumors derived from clustered neuroendocrine cells and
are closely related to pheochromocytomas. They typically
occur in adults during the third or fourth decades. Like any
paraganglioma found within the body, they may produce

catecholamines which can cause hypertension or other symp-
toms attributable to excess catecholamine production. Five
percent to 10% of cardiac paragangliomas can be metastatic,
with osseous involvement being the most common. Cardiac
paragangliomas can be present in patients with the Carney
triad, which is made up of extra-adrenal pheochromocytoma,
gastrointestinal stromal tumor (GIST), and pulmonary Chon—
droma (this is not to be confused with the Carney complex
mentioned regarding cardiac myxomas). They most commonly
occur in the left atrial wall, in the location of the normal car-
diac paraganglioma cells, typically involving either the left
atrial roof or posterior wall. Other reported locations include
the interatrial septum or right atrium.
On both CT and MRI, cardiac paragangliomas will com—

monly show intense enhancement following contrast admin-
istration, both on the early- and delayed—phase imaging.
Central necrosis and hemorrhage along with scattered inter—
nal calcification may be present as well. Paragangliomas are
typically hypo- to isointense on T1W imaging and extremely
hyperintense on TZW sequences (Fig. 26.10). Focal cardiac
abnormal uptake on iodine-123 or iodine-131 metaiodoben-
zylguanidine (MIBG) scintigraphy is highly specific for cardiac
paragangliomas as it is selectively taken up by extra-adrenal
paragangliomas.
(Hi-u"? “NIH-'13.?! (_.-Eir'iiin' .f‘ieiflfiififciHHS. Additional rare benign
neoplasms include teratomas, lymphangiomas, and hamarto~
mas. Cardiac teratomas are germ cell tumors made up of sev-
eral different types of tissue and are like any other teratoma
in the body. They are commonly found in infants/children as
complex multilocular, heterogeneous cystic masses growing
within the pericardial sac, typically on the right side. They are
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usually large in size and associated with a pericardial effusion.
Teratomas Will demonstrate calcification and fat and com~
monly exhibit an attachment to the aorta Via a pedicle.
Cardiac lymphangiomas are benign abnormal collections

of lymphatic vessels which are rare benign neoplasms, most
commonly found in children. They are typically multilocu-
lated cystic lesions within the pericardial space and may be
associated with a chylous pericardial effusion. On CT, they
appear as well-circumscribed lesions with varying degrees of
attenuation values. On MRI, there may be areas of high signal
intensity on the T1W images due to proteinaceous material
within them. Lymphangiomas will also demonstrate hyperin-
tense signal on TZW images due to their cystic spaces.
Cardiac hamartomas are extremely rare and are composed

of hypertrophied disorganized myocytes with interstitial
fibrosis. They most commonly occur within the left ven-
tricular myocardium and Will demonstrate enhancement on
both CT and MRI. On MRI, hamartomas will demonstrate
similar signal characteristics to the normal myocardium but
will demonstrate avid enhancement on the early and delayed—
phase imaging postcontrast administration (Fig. 26.11).
Distinguishing hamartomas from the focal form of hypertro-
phic cardiomyopathy on imaging may be extremely difficult.
These two entities will share some histologic features but

_i3%iJI'.u’.”;{TI';?i£é-i..i' r Cardiac Hemangioma. Multiple cardiac MR
images in the two-chamber View demonstrate an exophytic large
mass (arrow) arising from the left ventricular apex which demon-
strated iso- to mildly hyperintense signal on the SSFP (A) and TIW
images (B), and intense enhancement on the postcontrast imaging
(C). Findings were consistent with a hemangioma after surgical
removal.

can be distinguished by the lack of increased vascularity and
more diffuse myocardial involvement seen with hypertrophic
cardiomyopathy.

,MALIGNANT CARDIAC TUMORS

Metastatic Disease

Metastatic disease involving the heart is the most common car-
diac mass found in the adult population. It is approximately
20 to 40 times more common than all primary cardiac tumors
and is associated with a poor prognosis. Approximately 10%
of patients with primary malignancy have cardiac metastatic
involvement, although this is often only visible on histopathol-
ogy. Metastatic disease can involve the heart via a number of
pathways including: hematogenous or lymphatic seeding from
a tumor at a different site of the body, direct tumor invasion
from an adjacent primary within the mediastinum or lungs, or
transvenous intracavitary contiguous extension from the infe-
rior vena cava (IVC), superior vena cava (SVC), or pulmonary
veins. Lung cancer is the most common metastatic lesion to the
heart accounting for 30% to 40% of cases followed by hemato—
logic malignancies, breast cancer, and esophageal cancer. Direct

Patty Pua MD
Highlight



Chapter 26: Cardiac Masses 691

HGURE 36.10. Paraganglioma. Axial postcontrast ECG-gated CT (A) demonstrates an avidly enhancing medias-
tinal mass situated between the ascending aorta and main pulmonary artery (arrow). Sagittal (B) and coronal (C)
oblique CT-reconstructed images demonstrate invasion of the mass (arrow) into the right ventricular outflow tract
(arrowhead). The lesion (arrow) demonstrates hyperintense signal on TZW fat~saturation lViR axial images (D). Find—
ings were consistent with a paraganglioma after surgical resection.

invasion or lymphatic extension to the pericardium and epi-
cardium is the most common route of spread and is often
accompanied by a malignant pericardial effusion. Melanomas,
renal cell carcinomas, and sarcomas are the most common
tumors to spread to the heart hematogenously and usually result
in intramural involvement. Abdominal and pelvic malignancies
can invade the IVC and grow superiorly into the right atrium.
While most cases of cardiac metastasis are clinically silent,

symptoms usually manifest due to altered cardiac function,
flow obstruction, or involvement of the electrical conduc—
tion system related to the location that is involved. Range of
symptoms include syncope, left- or right—sided heart failure,
arrhythmias, heart block, or significant pericardial effusions
that can lead to cardiac tamponade. Obstructive symptoms
are commonly seen in transvenous extension of disease, with
involvement of the SVC/IVC and right atrium.
When imaging the heart for metastatic disease, the most

common findings will include pericardial involvement and/or
intracavitary masses. Many cases of cardiac metastatic disease
will have an associated malignant pericardial effusion. Echocar—
diography is the best initial evaluation for pericardial involve-
ment, specifically to evaluate for an effusion, its effect on
cardiac function, and assessment for tamponade physiology.

While echocardiography may demonstrate pericardial thick-
ening or nodularity, it does not evaluate the entire pericardium
and may not detect pericardial deposits. Please refer to Chap—
ter 29 on pericardial disease.
Both CT and MRI will provide a broader anatomic eval-

uation of the heart in assessing for metastatic disease, as they
are able to evaluate the entire heart as well as its surround-
ing structures. Metastatic involvement of the myocardium will
present on CT/MRI as a discrete mass or masses. CT is the
best modality to evaluate for lung cancer invasion into the
pulmonary veins and is excellent at assessing for invasion of
abdominal tumors into the IVC and right atrium. While a rou—
tine contrast enhancement CT may detect cardiac metastases,
ECG gating should be considered if there is concern for cardiac
involvement. The presence of heterogeneous enhancement on
CT will help distinguish tumor thrombus from bland thrombus
which is a frequent clinical dilemma.
As with primary cardiac masses, CMR will offer superior

tissue characterization of cardiac metastatic disease and will
provide excellent functional and hemodynamic assessment.
In general, metastatic lesions will demonstrate low signal on
T1W images and high signal on TZW images. lVIelanoma or
hemorrhagic lesions may demonstrate high signal on the T1W
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images as well. These lesions will generally demonstrate het-
erogeneous enhancement, which may not be clearly detected
on postcontrast CT images (Fig. 26.12). Due to its ability
to detect subtle metastatic foci, MRI is superior to CT for
accurate extent of disease evaluation. In addition, delayed
enhancement imaging with a long inversion time (T1 = 600)
allows for differentiation of tumor from thrombus, as the pro-
longed inversion time selectively nulls avascular tissue. There-
fore, thrombus will be hypointense on the long inversion time
images, while enhancing tumor will demonstrate hyperintense
signal.

Harri-mini. Primary cardiac sarcomas are neoplastic lesions
which arise from the mesenchymal cells within the cardiac
muscle. They are the most common primary malignant tumor
of the heart, accounting for one—third of cases and include sev-
eral subtypes (Table 26.4). Angiosarcoma is the most common
differentiated cardiac sarcoma, compromising nearly 40% of
cases. Undifferentiated sarcomas are the second most common

1-Ii.t’ Hi Jul 3. Cardiac Hamartoma. Axial T1W (A) and short—
axis SSFP (B) MR images demonstrate a large intramural isointense
lesion (between the arrows) in the anterior and anterolateral seg—
ments of the left ventricle, which demonstrates diffuse enhancement
on the postcontrast axial image (C) in a patient with a known recur—
rent hamartoma.

sarcoma involving the heart, making up 25% of cases. Rhab-
domyosarcoma is the most common primary cardiac malig-
nancy in childhood and accounts for 4% to 7% of all cardiac
sarcomas. Other types of primary cardiac sarcomas include
leiomyosarcoma, osteosarcoma, and fibrosarcoma.
Cardiac sarcomas primarily affect adults between the

third and fifth decades and are extremely rare in children.
They carry a poor prognosis with mean survival ranging from
3 months to 4 years. At presentation, many cases exhibit
evidence of metastatic disease, frequently involving the
lungs. Dyspnea is the common symptom, with other presen-
tations including chest pain, arrhythmias, tamponade, and/
or death.
Typical locations and imaging appearances of cardiac sar-

comas vary based on the histologic subtype. They may be
intramural with infiltration and thickening of the myocardium
and/or intracavitary, and will commonly demonstrate com—
ponents of hemorrhage and necrosis. Pericardial involvement
with a hemorrhagic pericardial effusion and nodular thickening
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FIGUR' 1-131 {(3.1} Cardiac Metastasis. Postcontrast nongated CT in the axial (A) and short-axis (B) planes, in a patient with known metastatic lung
cancer, demonstrates an infiltrative mass (between the arrows) in the free wall of the right ventricle. It demonstrates hypo- to isointense signal in
relation to the myocardium on the SSFP sequence (C) and heterogeneous enhancement on the perfusion (D) and late gadolinium engagement (E)
images.

of the pericardium is another common feature. Invasion into
the mediastinum or valvular destruction may be present.
Cardiac angiosarcoma is the only cardiac sarcoma that

predominately arises in the right atrium in the region of the
right atrioventricular groove. While there may be a discrete
right atrial mass, tumor can often be seen extending anteri—
orly along the wall of the right atrium and right ventricle.
Encasement of the right coronary artery is a common find-
ing. On both CT and MRI, they appear as heterogeneous soft
tissue masses with areas of necrosis. A characteristic finding
is intense enhancement within the soft tissue component of
the tumor and rapid enhancement on first-pass perfusion
(Fig. 26.13). The main differential for an infiltrative mass in
the region of the right atrioventricular groove is metastatic
disease or lymphoma.
While angiosarcomas predominate in the right atrium

and rhabdomyosarcoma have no chamber predilection,
the other histologic subtypes of cardiac sarcomas usually
occur in the left atrium. They present as large masses that
infiltrate along the wall of the left atrium. As they crawl
and invade along the left atrial wall, they often invade and
obstruct the pulmonary veins and/or the mitral annulus.
Although myxomas—which are the most common pri-
mary cardiac tumor—also occur in the left atrium, they
are not infiltrative and do not invade into the pulmonary
veins. In addition, the vast majority of left atrial myxomas
occur along the interatrial septum in the region of the fossa
ovalis, a finding that is not seen with left atrial sarcomas.
Like other aggressive tumors, left atrial sarcomas appear
as heterogeneous soft tissue masses, often with areas of

necrosis. Enhancement is usually present but is often not as
pronounced as with right atrial angiosarcomas. In general,
it is often difficult to differentiate between the histologic
subtypes of cardiac sarcoma on imaging, although promi-
nent osteoid matrix in a large left atrial mass should raise
the suspicion for a cardiac osteosarcoma.

Jig-.11:rip/fromica Primary cardiac lymphoma is defined as lym-
phoma exclusively involving the heart and/0r pericardium.
It is usually of the non-Hodgkin B—cell type, most commonly
occurring in immunocompromised patients, often related to
infection with the Epstein—Barr virus. Others more susceptible
to primary cardiac lymphoma include posttransplant patients
or those with HIV/AIDS. It is quite rare, making up 1.3% of
primary cardiac tumors and only 0.5% of extranodal lym-
phomas at autopsy. Secondary cardiac lymphoma due to sys-
temic lymphoma involving the heart is more common, with
one study showing approximately 30% of patients with lym-
phoma having cardiac involvement at autopsy. Primary car-
diac lymphoma commonly involves the right side of the heart,
particularity the right atrium and has a predilection for the
right atrioventricular groove similar to angiosarcoma. Most
common clinical presentation includes arrhythmias including
atrioventricular block, heart failure, dyspnea, or a pericardial
effusion.
On cross-sectional imaging, primary cardiac lymphoma

will manifest as an ill-defined, infiltrative epicardial or myo-
cardial mass, or multiple masses usually along the right side
of the heart, with an associated pericardial effusion. The
right atrium is most commonly involved, followed by the

693 -
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TABLE 6.4

SUMMARY OF CARDIAC SARCOMA SUBTYPES AND THEIR IMAGING FEATURES

I CARDIAC SARCOMA
SUBTYPES

.--..- __.... ‘m . a....-__ .... w .m.

Angiosarcoma

I MALIGNANT CARDIAC
TUMORS (%)

"I "3740

Undifferentiated sarcoma 24—3 3

Leiomvosarcoma 8—1 0

Osteosarcoma 3—9

Rhabdomvosarcoma 4—7

Iiposarcoma <1 0/o

right ventricle and then the left—sided chambers. A unique
feature of lymphoma is its tendency to extend along the
epicardium, encasing adjacent structures including the coro-
nary arteries, aortic root, or pulmonary vessels. In addition,
it may diffusely involve the myocardium, masquerading as
myocardial hypertrophy or it can demonstrate nodular or
lobulated intracavitary components. The lesion will usually
be hypo- to isodense to the surrounding myocardium on CT
with heterogeneous enhancement, postcontrast administra—
tion. CMR best depicts the extent of the myocardial and peri-
cardial involvement due to its better tissue characterization.
On MRI, it will demonstrate isointense signal to the myocar-
dium on TIW images, hyperintense signal on TZW images,
and variable enhancement postcontrast (Fig. 26.14). Differ-
ential diagnosis for an ill—defined infiltrative lesion along the
epicardial surface includes metastatic disease or sarcomas.
Lymphoma may be distinguished from these entities by their
homogeneous signal throughout the lesion. This homoge—
neous signal in cardiac lymphoma is due to the absence of
necrosis or hemorrhage, which causes the variable signal
demonstrated in metastatic lesions and sarcoma. When solely
within the myocardium, it can be mistaken for hypertrophic

I COMMON TUMOR
LOCATION

Right atrium

I IMAGING AND OTHER
FEATURES

I Two morphologic types:
1. Well-defined mass protruding into
the right atrium

2. Diffusely infiltrating mass along
the right side of the heart

I Has a propensity for hemorrhage and
necrosis
I Commonly has pericardial inva—
sion and a hemorrhagic pericardial
effusion

Left atrium I May be a discrete mass or an irregular
infiltrative lesion
I Commonly hemorrhagic

Posterior wall of the left I Sessile lobulated hypodense mass on
atrium or IVC CT

I May be multifocal
I May arise or invade into the pulmo—
nary veins

Left atrium I Typically large tumors which are
centered in the left atrium, unlike
osteosarcoma metastases to the heart
I Commonly contain large foci of
calcification

N0 chamber predilection I Most common primary malignant
tumor in children, but can affect all
ages
I May be solitary or multifocal intra-
mural masses

Left or right atrium I May show foci of fat density on CT
I On MRI, fat-saturation sequences are
not particularly helpful unlike cardiac
lipoma or lipomatous hypertrophy of
the interatrial septum

cardiomyopathy and when intracavitary, it may be confused
for a thrombus or myxoma.

Tumorlike Lesions

I Irimiii’ms. Intracardiac thrombus is the most common intrac-
ardiac lesion and can involve any cardiac chamber. In the right
atrium and right ventricle, thrombi are commonly attached to
intravascular catheters/lines or are the sequelae of deep venous
thrombosis with subsequent embolization. In atrial fibrilla—
tion, thrombus will usually form in the left atrial appendage
due to poor blood flow, while in the setting of ventricular dys—
function it will form in akinetic or aneurysmal portions of the
ventricle, often in the left ventricular apex.
Differentiating thrombus from other cardiac lesions is a

frequent diagnostic question. While postcontrast cardiac CT
imaging is an excellent tool for detecting and localizing intra—
cavitary thrombi, it is limited in differentiating thrombus from
tumor. Thrombus is hypodense on CT and does not enhance.
Given this, thrombus is often best delineated during the por-
tal venous phase of imaging where it appears hypodense to



Chapter 26: Cardiac Masses 695

JiE‘Zi'C..-.ilJ]E%-;}E 1‘16. 1" 3-. Cardiac Angiosarcoma. Axial (A) and coronal (B) postcontrast CT images demonstrate a heterogeneous enhancing
mass in the right atrioventricular groove (arrow) with a pericardial effusion (arrowhead). CMR shows a heterogeneous hyperintense
lesion on the SSFP (C) and TZW images (D) with avid enhancement on both the perfusion (E) and LGE (F) sequences. The central
nonenhancing area Within the mass represents necrosis.



i5"13't=2.[,i'.|3}3,l ._l | 4. Cardiac Lymphoma. Postcontrast axial CT (A) and MR SSFP imaging in the four-chamber View (B) demonstrate a multilobu-
lated mass (arrow) in the right atrium extending along the lateral aspect into the right ventricle (arrowhead). It demonstrates isointense signal on
the TZW images and minimal to no enhancement on LGE images. Biopsy results were consistent with B-cell lymphoma.

the normally enhancing myocardium. CMR is the imaging of
choice in distinguishing thrombus from tumor. Imaging char-
acteristics of thrombus change with its age, with acute throm-
bus demonstrating hyperintense signal on T1W and TZW
sequences and chronic thrombus demonstrating hypointense
signal on both sequences. Subacute thrombus will be hyper-
intense on TIW images and hypointense on TZW images.
Thrombus will characteristically show no contrast uptake on
first—pass perfusion or T1W postcontrast images. Importantly,
thrombus will demonstrate dark signal on delayed enhancement
sequences with a long inversion time of 600 ms (Fig. 26.15)
and at times more intermediate signal using a standard inver-
sion time of 300 ms, a finding that is absent in most tumors.
One recent study has shown that performing a dedicated TI
scout (“Look—Locker”) sequence through the mass can dis-
tinguish the two entities, as thrombus demonstrated a typical
pattern of hyper/isointensity with a short inversion time and
hypointensity with long inversion time in 94% of cases, with
only 2% of tumors demonstrating the same signal pattern. Of
note, chronic organised thrombus may demonstrate peripheral
enhancement on late gadolinum enhancement imaging due to
fibrous material forming around it.

ifié‘g’m in. I to s l“ (jg? i-{‘ r! I ‘r .‘u )1 by of If: r firirirrrrir.a»".i.,«1..-i .‘x v) in? E...£H‘Hi. Lip0-
matous hypertrophy is a benign process characterized by
proliferation of adipose cells within the interatrial septum.
It occurs in up to 8% of the population and can be associ—
ated with an increased body mass index and large amounts
of epicardial fat. The amount of fat usually will increase
with age. The fat within the atrial septum is made up of
mature unencapsulated adipose tissue resembling brown fat
and can be metabolically active on FDG-PET. Most cases

are incidentally discovered and are asymptomatic, with very
rare cases causing supraventricular arrhythmias and sudden
death.
Cross-sectional imaging will demonstrate a dumbbell-

shaped fatty mass in the interatrial septum, commonly with
asymmetric enlargement of its posterolateral component. The
dumbbell shape is created by the sparing of the fossa ovalis.
On MRI, the lesion will follow normal fat characteristics with
both hyperintense signal on T1W and TZW sequences and loss
of signal with fat-suppression techniques (Fig. 26.16). Nor-
mal septal thickness measures less than 1 cm, with cases of
lipomatous hypertrophy measuring greater than 2 cm. Cases
measuring up to 7 cm have been described as well. Cardiac
lipoma is the main differential diagnosis and will have a true
fibrous capsule. Sparing of the fossa ovalis is a key feature in
lipomatous hypertrophy that helps in distinguishing it from
other abnormalities.

iruurrur Valvular vegetations are adherent lesions made
up of platelets, fibrin, and inflammatory cells that seed the
valvular leaflets, usually in an area of endocardial injury. In
infective endocarditis, these lesions are also composed of
microorganisms, either bacterial or fungal. Noninfective
endocarditis is rare and can be due to nonbacterial throm-
botic endocarditis (NBTE) seen in the setting of malignancy or
Libman—Sacks endocarditis which occurs in patients with sys-
temic lupus erythematosus (SLE) due to deposition of immune
complexes. The vegetations are irregular or rounded in shape,
measuring a few millimeters to greater than 1 cm. Differen-
tial diagnosis includes papillary fibroelastoma, with infective
endocarditis usually leading to leaflet destruction as opposed
to papillary fibroelastoma which is a benign entity.
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l?’1.'l€:::-lL'l'éil'ij‘, Sfé...‘.gL":-P. Interventricular Thrombus. Postcontrast nongated axial CT (A) and SSFP MR (B) images demonstrate a hypodense/
hypointense lesion in the apical cavity of the left ventricle (arrow). It demonstrates no enhancement on the early post contrast images (C)
and the LGE images in the short—axis (D) and three-chamber (E) views, although the left ventricular apical myocardium does demonstrate
late gadolinium enhancement (arrowhead). Findings are consistent with an apical myocardial infarct and interventricular thrombus.
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iili'ClT I: I' ’ 1 h. Lipomatous Hypertrophy of the Interatrial Septum. Axial CT (A) demonstrates a low-density lesion in the inter-
atrial septum (arrow) which is FDG avid on a PET—CT due to the presence of brown fat (B). Follow—up CMR shows a lesion within
the interatrial septum on the SSFP (C) image, which spares the fossa ovalis (arrowhead) and demonstrates hyperintense signal on
T1W (D) and no LGE (E).
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ii‘ilfiGL-lf :1! Large Lipomatous Hypertrophy of the Interatrial Septum. Noncontrast CT in the four-chamber (A) and coronal oblique
(B) views demonstrates a large lesion in the interatrial septum measuring fat density (arrow), which spares the fossa ovalis (arrowhead),
in a patient with a known supraventricular tachycardia. The lesion demonstrates homogenous hyperintense signal on the TIW images
without fat suppression (C) and complete dropout of signal on the TIW images with fat suppression (D), consistent with fat.

_i‘5-;;f}n~:’;;,-, H” fig:9-;g.23.223::i:!;:::_’i-.r: Structures. Several normal anatomic
structures may appear as pseudomasses on echocardiography
but which are commonly distinguished from true pathology
on cross—sectional imaging. The two most common structures
are the crista terminalis and the eustachian valve. The crista
terminalis is a normal anatomic structure which demarcates
the area of embryologic fusion of the primitive right atrium
and the sinus venosus. It is a vertically oriented smooth muscle
ridge within the right atrium, which extends from the SVC to
the NC. The eustachian valve is a normal ridge of tissue at the
junction of the right atrium and IVC, which in utero directed
blood flow from the IVC into the fossa ovalis.
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