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ABSTRACT

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

espite being exceedingly rare, cardiac tu-

mors form an important component of

cardio-oncology practice in which diagnosis
and management are vital (1). Tumors encompass a
broad set of lesions and/or masses that can be catego-
rized as neoplastic or non-neoplastic. Neoplastic le-
sions can be further classified into primary and
secondary tumors (i.e., metastasis to the heart). Up to
90% of primary neoplastic tumors [referred to here as
primary cardiac tumors (PCTs)] are benign (2) and
may originate from the pericardium or myocardium.
The incidence of clinically diagnosed PCTs is approxi-
mately 1,380/100 million individuals (3). Compared
with PCTs, secondary cardiac tumors are 22 to 132
times more common and are by definition malignant
(4,5). The classification of these lesions as benign or
malignant is an important predictor of prognosis; how-
ever, any cardiac tumor, even if histologically benign,

Cardiac masses are rare, but remain an important component of cardio-oncology practice. These include benign
tumors, malignant tumors (primary and secondary) and tumor-like conditions (e.g., thrombus, Lambl's excrescences,
and pericardial cyst). The advent of multimodality imaging has enabled identification of the etiology of cardiac
masses in many cases, especially in conjunction with information from clinical settings. This paper provides a
comprehensive review of the epidemiology, clinical presentation, imaging, diagnosis, management, and outcomes of
cardiac masses. (J Am Coll Cardiol CardioOnc 2020;2:293-311) © 2020 The Authors. Published by Elsevier on behalf
of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

can have substantial hemodynamic or arrhythmic con-
sequences depending on its size and location within
the heart.

Over the past decade, there has been a notable in-
crease in the incidence of PCTs (6). Part of this increase
may be attributed to the advances in imaging tech-
niques, with multimodality imaging being more wide-
spread and accessible (7). Multimodality imaging is
often necessary to help determine the etiology of PCTs.
Several factors that are helpful in establishing a diag-
nosis before open biopsy include location of the mass,
imaging characteristics, and age at presentation.

CLINICAL MANIFESTATIONS

Cardiac tumors may be symptomatic or found inci-
dentally during evaluation for a seemingly unrelated
problem or physical finding. Symptoms are usually
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ABBREVIATIONS
AND ACRONYMS

CMR = cardiovascular magnetic
resonance imaging

CT = computed tomography
FDG = fluorodeoxyglucose
PCT = primary cardiac tumor

PET = positron emission
tomography
RT3DE = real-time 3-

dimensional echocardiography

TEE = transesophageal
echocardiography

TTE = transthoracic
echocardiography

UEA = ultrasound-enhancing
agent

related to its cardiac location, although some
may produce systemic symptoms. In general,
tumors may present in 1 of 3 ways:

1. Systemic: constitutional (fever, arthral-
gias, weight loss, fatigue) and paraneo-
plastic syndromes (PCTs).

2. Cardiac: mass effect interfering with
myocardial function or blood flow, resul-
tant arrhythmias, interference with heart
valves causing regurgitation, or pericardial
effusion with or without tamponade.
Typical symptoms include dyspnea, chest
discomfort, pre-syncope, or syncope.

3. Embolic: pulmonary and/or systemic
thromboembolic phenomenon from the
tumor.

DIAGNOSTIC APPROACH

The clinical setting provides critical diagnostic clues
in helping establish the etiology of a cardiac mass or
lesion. For example, cardiac thrombi are most likely
associated with arrhythmias such as atrial fibrillation
or left ventricular apical infarct with apical hypo-
kinesis or akinesis, whereas vegetations may be seen
in patients with native valve disease or prosthetic
valves who present with fevers, bacteremia, and
abnormal inflammatory markers. However, if a car-
diac mass represents a tumor, its etiology can often
be determined by considering 4 factors:

1. Age of the patient at time of presentation; for
example, rhabdomyomas and fibromas are the
most common benign cardiac tumors in children.

2. Epidemiologic likelihood and clinical probability;
for example, a 70-year-old man who recently
experienced an anterior myocardial infarction with
an akinetic left ventricular apex and associated
cardiac mass on echocardiogram most likely has an
intracardiac thrombus.

3. Location of tumor (Figure 1).

4. Noninvasive tissue characterization with cardio-
vascular magnetic resonance (CMR) imaging
(Table 1).

Using this approach, and integrating the clinical
data, an accurate diagnosis and treatment strategy is
usually possible without the need for percutaneous or
open surgical biopsy (10) (Central Illustration).

ROLE OF MULTIMODALITY IMAGING IN
ESTABLISHING THE DIAGNOSIS

The goals of the initial evaluation are to ascertain the
presence of a cardiac tumor, the location of the lesion
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HIGHLIGHTS

e Cardiac tumors are rare and should be
considered as part of the differential
diagnosis of any space-occupying mass
noted on cardiovascular and/or thoracic
imaging modalities.

e It may be possible to get close to a
diagnosis without biopsy using a struc-
tured imaging approach.

e The prognosis and treatment of each tumor
is different, although early diagnosis is
usually associated with a better outcome.

within cardiac structures, and when possible,
whether a tumor is benign or malignant. This infor-
mation is crucial in planning further evaluation and
management. Although obtaining a histopathological
specimen is the gold standard for diagnosis, multi-
modality imaging may be able to identify the etiology
of a cardiac mass in many cases.

2-DIMENSIONAL TRANSTHORACIC ECHOCARDIO-
GRAPHY. Two-dimensional transthoracic echocardi-
ography (TTE) is often the first diagnostic approach in
terms of imaging modality because of its wide avail-
ability. Additional benefits include lack of radiation,
low cost, and portability. TTE allows for the assess-
ment of size, location, mobility, and the pericardial
involvement of a tumor. Furthermore, it has good
spatial resolution and is useful for understanding the
hemodynamic significance of the mass (e.g., vascular
or valvular obstruction secondary to the mass).
Echocardiography is also the optimal imaging mo-
dality for imaging small highly mobile masses (<1 cm)
or masses arising from valves.

The limitations of TTE include poor acoustic win-
dows, particularly in obese patients and those with
chronic lung disease (11), and lack of potential for
tissue characterization. In addition, the extent and
origin of the mass may not be distinguishable by
echocardiography if it arises from outside of standard
imaging views (e.g., in the superior vena cava or
inferior vena cava or branch pulmonary vessels).

ADVANCED ECHOCARDIOGRAPHIC TECHNIQUES.
Transesophageal echocardiography (TEE) is
commonly used when a valvular lesion is suspected,
particularly in patients with atrial masses or with
mobile valvular lesions. It may also become necessary
to better characterize a cardiac tumor in terms of size,
morphology, attachment site, extension, and hemo-
dynamic affects. When used in combination with
real-time 3-dimensional echocardiography (RT3DE),
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FIGURE 1 Outline of the Distribution of Subtypes of Cardiac Masses by Anatomic Location
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Adapted with permission from Dujardin KS et al. (8).

The most typical locations of where different subtypes of cardiac masses are found. However, many cardiac tumours can occur in any chamber.

TEE offers incremental value for the evaluation of
intracardiac masses by providing a more accurate
assessment of the anatomical relationships, size, and
shape of the mass (12).

The use of ultrasound-enhancing agents (UEAs) in
echocardiography is an important tool for the
assessment of myocardial perfusion and can also be
used for the evaluation of the relative perfusion of a
cardiac mass. It allows for improved definition of
intracavity structures and assessment of vascularity
(13). The difference in perfusion of cardiac masses
may help distinguish between vascular and nonvas-
cular tumors or thrombus because there are both
qualitative and quantitative differences in perfusion
among the various pathologies (14). For example,
malignant tumors, which are highly vascular due to
abnormal neovascularization, demonstrate greater
enhancement than the adjacent myocardium. In
contrast, benign tumors (myxomas) often have poor

blood supply and therefore demonstrate lower
perfusion on visual inspection and have quantita-
tively less perfusion than the surrounding myocar-
dium. Thrombi are avascular and therefore do not
perfuse with UEA echocardiography; therefore, UEA
echocardiography perfusion imaging may aid in the
early identification of thrombi and guide subsequent
diagnostic and/or treatment strategies.

CARDIOVASCULAR MAGNETIC RESONANCE IMAGING.
Once a cardiac mass is suspected (generally following
TTE), patients may be referred for CMR for further
evaluation of the mass. This technique provides a
complete multiplanar and noninvasive evaluation of
the mass and its potential involvement with the car-
diac chambers and pericardium. Because it also pro-
vides information about the extracardiac structures
and its surrounding anatomy, this often proves useful
in surgical planning.
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TABLE 1 Typical Noninvasive Tissue Characterization of Common Cardiac Masses With
Cardiovascular Magnetic Resonance Imaging

LGE Enhancement T1-Weighted Imaging T2-Weighted Imaging

Malignant tumors
Angiosarcoma
Rhabdomyosarcoma

Undifferentiated Sarcoma

Lymphoma

Metastasis*
Benign tumors

Myxoma

Lipoma

Fibroma

Rhabdomyoma
Non-tumor masses

Thrombus

Cysts
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All tumors can have atypical appearances because of altered tissue composition. T1- and T2-weighted imaging
signal intensity is relative to myocardium. *Metastatic melanoma has a high T1-weighted and a low T2-weighted
signal intensity. Adapted with permission from Motwani et al. (9).

| = low; <« — = isointense; 1t = high; — = no uptake; + = minimal late gadolinium enhancement (LGE)
uptake; ++ = heterogenous LGE uptake; +++ = homogenous LGE uptake; ++-++ = hyperenhancement;
CMR = cardiovascular magnetic resonance.

Characteristics that can be assessed by CMR
include morphology, dimensions, location, exten-
sion, homogeneity, presence of infiltration in the
surrounding tissues, and signal characteristics that
can help with histopathological characterization
(fatty infiltration, necrosis, hemorrhage, calcification,
vascularity, and so forth) (15). Ti-weighted black
blood imaging with and without fat saturation, pre-
contrast T2-weighted imaging, resting first-pass
perfusion (to assess for vascularity), early gadolin-
ium imaging (particularly useful for diagnosis of
thrombi), and late gadolinium enhancement imaging
should be performed (16). T1 and T2 mapping are
recent developments in CMR and allow instant
quantitative detection of myocardial abnormalities
beyond conventional qualitative assessment.

The main limitation of CMR compared with echo-
cardiography is its lower temporal resolution; for this
reason, CMR is generally not indicated for evaluation
of valvular vegetations (17). Other disadvantages
include long acquisition times (30 min to 1 h), limited
availability compared with echocardiography,
inability to be performed in hemodynamically un-
stable patients, and contraindications that include
claustrophobia and older generation cardiac devices
(18).

CARDIAC COMPUTED TOMOGRAPHY. Cardiac
computed tomography (CT) has become an increas-
ingly used modality for the assessment of cardiac
masses, especially when other imaging modalities are
nondiagnostic or contraindicated. With high isotropic
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spatial and temporal resolution, multiplanar image
reconstruction capabilities, and fast acquisition
times, cardiac CT offers an alternative to CMR in
many patients (19). Electrocardiographic gating min-
imizes motion-related artifacts and allows a more
precise delineation of the lesion margins and rela-
tionship to tissue planes, which is particularly valu-
able for surgical planning. Compared with other
cardiac imaging modalities, CT is optimal for the
evaluation of calcified masses, global assessment of
chest and lung tissue and corresponding vascular
structures, and exclusion of obstructive coronary ar-
tery disease or masses in proximity or that cause
obstruction to the coronary arteries, which may be
helpful in surgical planning (19). Cardiac CT is also
useful in tumor staging because of its ability to detect
metastases in cases of suspected malignancies.
Disadvantages of CT include radiation exposure, a
small risk of contrast-induced nephropathy, and
limited soft
compared with magnetic resonance imaging.

tissue and temporal resolutions

POSITRON EMISSIONS TOMOGRAPHY. Positron
emissions tomography (PET) offers an accurate eval-
uation of the metabolic activity of tumors using flu-
orodeoxyglucose (*®F-FDG). FDG-PET is helpful for
staging malignancies while also revealing potential
myocardial and pericardial involvement. It is also
useful in the evaluation of early responses to cancer
therapy planning of radiation therapy, and optimi-
zation of biopsy location.

The extent of FDG uptake by tumors is useful for
differentiation between benign and malignant tu-
mors; this is usually based on maximum standardized
uptake value evaluation (20). In a study of 20 patients
who underwent hybrid magnetic resonance/PET
scanning, '®F-FDG-PET scanning had a sensitivity of
100% and specificity of 92% for the differentiation of
malignant cardiac masses versus benign cardiac
masses (21). Limitations included the need for dietary
preparation, especially in patients with intra-
myocardial tumors and who had radiation exposure
(22).

PCTs

INTRODUCTION TO PCTs. PCTs are classified into 3
main classes: benign, malignant, and intermediate
with uncertain biological behavior. The latter class
was newly featured in the 2015 World Health Orga-
nization classification (23). Benign etiologies include
most of all primary tumors (>90%), whereas <10% are
malignant and only 1% are intermediate (24,25).

BENIGN PCTs. Most PCTs are benign and include
myxomas, rhabdomyomas, papillary fibroelastoma,
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CENTRAL ILLUSTRATION Schema of Prevalence and Diagnostic Approach of Cardiac Tumors
With Multimodality Imaging
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Diagnostic approach when a cardiac mass is first identified. 3D = 3-dimensional; CT = computed tomography; TEE = transesophageal
echocardiography; UEA = ultrasound-enhancing agent.
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TABLE 2 Histopathology, Role of Biopsy, and Role of Surgery in the Management of Benign Cardiac Tumors

Tumor Histopathology Role of Biopsy Role of Surgery Ref. #

Myxoma Spindle or stellate cells, pseudo-vascular structure, Not usually needed Complete resection recommended to prevent (26,27)

myxoid matrix, hemorrhage embolic complications
Dystrophic calcification can be present.

Lipoma Mature adipocytes, occasionally with entrapped Not usually needed Not required in most cases; can be considered for (28,29)
myocytes at the periphery severely symptomatic cases

Fibroma Fibroblasts and collagen bundles, some elastic Not usually needed Can be considered for severely symptomatic cases (26,30)
fibers, calcification is a common finding

Rhabdomyoma Spider cell (vacuolated enlarged cardiac myocyte Not usually needed Usually not needed due to spontaneous regression; (26,31)
with clear cytoplasm due to abundant can be considered for severely symptomatic
glycogen). cases

Papillary fibroelastoma Endocardium-coated fronds with an avascular Not usually needed Recommended for large left-sided lesions to reduce (8,28,32)

collagenous core containing
mucopolysaccharide and elastin

the risk of embolic complications

fibromas, hemangiomas, lipoma, and leiomyomas
(Table 2). Myxoma is by far the predominant patho-
logical subtype (24). Non-myxoma subtypes, which
mostly occur in children and adolescents, are less
reported (24,25). Benign tumors exhibit favorable
prognosis with a 30-day mortality of only 1% (24).
They are generally more common in older women
(24,25), and according to their size and location,
benign PCTs manifest with a wide array of symptoms.
However, 13.3% to 27.7% of cases occur in asymp-
tomatic individuals and are detected inciden-
tally (24).

CLASSES OF BENIGN PCTs. Cardiac myxoma. The
most common benign PCT, often found in the left
atrium, is best visualized by echocardiography.
Myxomas can present with embolic symptoms.
Complete surgical resection confers the best clin-
ical outcome.

Cardiac myxomas (Figure 2) are the most common
PCT (25) and are believed to be derived from mesen-
chymal cell precursors (33). They form intracavitary
masses, which are most commonly found in the left
atrium attached by a stalk to the fossa ovalis, but may
be seen in the right atrium in children (33,34). Other
anatomical origins include the atrial free wall and
mitral valve leaflets; however, these are less likely
(35). Association with Carney complex (a multiple
neoplasia and lentiginosis syndrome) is well estab-
lished in 7% of patients found to have a cardiac
myxoma on presentation (36). Mean age at diagnosis
is 50 years, and approximately 70% occur in women
(37).

Myxomas are morphologically classified into
polypoid and papillary. The former, when large, may
present with obstructive symptoms with a “tumor
plop” being occasionally heard on auscultation. In
contrast, papillary myxoma tends to cause embolic

FIGURE 2 Myxoma

Left atrial myxoma in a 53-year-old man who presented with embolic events. (A) Large mobile mass (white arrow) seen on transthoracic echocardiography attached to
the interatrial septum. (B) Low-attenuated, well-circumscribed mass with a smooth surface (black arrow) seen on cardiac computed tomography (CT). (C) Hetero-
geneous uptake in left atrial mass (white arrow) on late gadolinium imaging on cardiac magnetic resonance (CMR).
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FIGURE 3 Lipoma

Incidental finding of a cardiac mass in a 65-year-old man. (A) Ovoid mass (white arrow) on long-axis view on transthoracic echocardiography. (B) Well-circumscribed
mass (white arrow) in the basal anteroseptum of the left ventricle not causing any left ventricular outflow tract obstruction on steady-state free precession (SSFP)
sequences on CMR. (C) Complete signal suppression of mass (white arrow) on fat-water suppression imaging on CMR. Other abbreviation as in Figure 2.

events. In both variants, constitutional symptoms
like fatigue, fever, and weight loss have also been
reported.

On echocardiography, cardiac myxomas typically
appear as a mobile mass attached to the endocardial
surface by a stalk, usually arising from the fossa
ovalis (8). RT3DE can aid with both stalk analysis and
mass heterogeneity using the cropping function and
carefully using digital analysis to dissect the lesion
(12). TEE may be needed to better visualize the im-
plantation site and identify any potential extension
into the pulmonary or caval vein. On cardiac CT,
myxomas often manifest as a low-attenuation intra-
cavitary mass with a smooth or slightly villous surface

(38). Calcification is seen in approximately 14% of
patients and is more commonly associated in right-
sided lesions (38). Arterial-phase contrast enhance-
ment is usually not present (39), but heterogeneous
enhancement is recognized on studies performed
with a longer time delay (38). Reconstruction of cine
images can assist in assessment of lesion mobility and
attachment; however, this is often unreliable, espe-
cially for tumors with a short stalk (39). On CMR, a
heterogeneous appearance on T1- and T2-weighted
images is often found due to the composition of
myxomas, which tend to have varying amounts of
myxoid, hemorrhagic, ossific, and necrotic tissue
(40). Delayed enhancement is normally patchy in

FIGURE 4 Papillary Fibroelastoma

Papillary fibroelastoma in a 78-year-old woman presenting with embolic events. (A) Long-axis, zoomed-in view of a small independent mobile structure (white arrow)
attached to the aortic valve. (B and C) Hypodense mass (white arrows) between the right and left leaflets with frondlike papillary appearance on cardiac CT.
Abbreviation as in Figure 2.
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FIGURE 5 Rhabdomyoma

An echocardiogram in a newborn who had an antenatal diagnosis of multiple cardiac
rhabdomyomas and who was subsequently diagnosed as having tuberous sclerosis.
Large cardiac masses extending to the right ventricular wall laterally, posteriorly, and
anteriorly without evidence of right ventricular outflow tract obstruction.

nature. Prolapse through the mitral or tricuspid valve
in diastole on steady-state free precession sequences
may suggest the attachment point of a pedunculated
lesion.

Resection is required for a histological diagnosis
but mainly to prevent major complications. Surgical
resection is associated with a low operative mortality
and good long-term outcome (27). Annual follow-up
with TTE is recommended for a minimum of 4 years
because approximately 10% to 15% of these tumors
recur, most often at the site of the original tumor (41).
Lipoma. Lipomas are slightly less common and have
been mostly discovered incidentally because they are
often asymptomatic. They are best visualized on CMR
with application of additional fat-saturation pre-pul-
ses. Surgical removal is recommended only in
severely symptomatic cases.

Lipoma (Figure 3) is the second most common pri-
mary benign cardiac neoplasm (8% to 12%) and most
commonly occurs in middle-aged and older adults
(30). Approximately 50% of lipomas originate from
the subendocardial layer, and the other half arise
from the subepicardial or myocardial layers and grow
into the pericardial sac (30). They are typically
asymptomatic but may cause arrhythmias or valvular
dysfunction (29). Subepicardial lipomas can compress
the coronary arteries, which leads to ischemic chest
pain.

On TTE, lipomas tend to be broad-based, immobile,
without a pedicle, and well circumscribed. They are
homogeneous without evidence of calcification and
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hyperechoic in the cavity but hypoechoic in the
pericardium (29). Cardiac CT may reveal homoge-
neous, nonenhancing masses with fat attenuation
located within the cardiac chamber, the myocardium,
or in the pericardium (30).0n T1-weighted imaging on
CMR, lipomas have a characteristic homogeneous
high-signal intensity relative to the myocardium that
is markedly suppressed with the application of addi-
tional fat-saturation pre-pulses (10). On T2 imaging,
lipomas appear hyperintense; on fat-saturated imag-
ing, lipomas exhibit a markedly low signal. With
contrast administration, lipomas do not demonstrate
perfusion (40,42). Surgical removal is generally not
indicated, except in severely symptomatic cases (29).
Papillary fibroelastoma. Papillary fibroelastomas
are rare and often found on the downstream side of
valves. They are best visualized on echocardiography
and can present with embolic complications. Surgical
excision is reserved for large left-sided tumors.

Papillary fibroelastoma (Figure 4) is more rare and
constitutes 11.5% of all PCTs (25). It is composed of
collagen and elastic fibers with an endothelial
covering and a short connective tissue pedicle (43).
They are found on the valvular endocardium of the
aortic and mitral valves, followed by the tricuspid
valve and the endocardium, which consists of 75% of
all valvular tumors (38). Unlike vegetations, fibroe-
lastomas are often found downstream of the valve
(left ventricular side of the mitral valve, aortic side of
the aortic valve) and usually do not commonly cause
valvular dysfunction (44). Patients are typically
middle-aged and present with embolic complications,
particularly cerebral; this is related to the tumor’s
predilection for left-sided valves (45).

The echocardiographic features of a papillary
fibroelastoma are its small size, with independent
motion and attachment to an endocardial surface. On
TEE, the borders may appear slightly stippled or
shimmering, which is due to vibration at the tumor-
blood interface because of its finger-like projection
(46). TEE is more sensitive in identifying papillary
fibroelastomas compared with TTE because of the
typical small size of these tumors, which reinforces
the role of TEE in the evaluation of an embolic event
(32). Occasionally, on electrocardiographically gated
cardiac CT, they appear as a focal low attenuation
mass arising from a valve surface. On Ti1-weighted
imaging on CMR, fibroelastomas demonstrate an iso-
intense pattern (10). On T2-weighted imaging,
fibroelastomas appear hypointense due to their high
fibrous content, and in other cases, they may also
demonstrate a hyperintense signal (10).

Surgical excision is recommended for larger
(=1 cm) left-sided papillary fibroelastomas in patients
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Tumor

Histopathology

TABLE 3 Histopathology, Role of Biopsy and Role of Surgery in the Management of Malignant Cardiac Tumors

Angiosarcoma

Leiomyosarcoma

Rhabdomyosarcoma

Osteosarcoma

Highly vascularized, myocardial infiltration,
pleomorphism, necrosis, and mitosis

Compact bundles of spindled cells with blunt nuclei,
regions of necrosis, and mitotic figures with
epithelioid regions are often present

Embryonal type with rhabdomyoblasts containing

abundant glycogen and expressing desmin,
myoglobin, and myogenin

Histologically heterogeneous, most composed of
spindle cell lesions or malignant fibrous

histiocytoma, with microscopic foci of
osteosarcoma and chondrosarcoma in the
spindle regions
Undifferentiated
sarcoma

Consist of undifferentiated plump spindle cells
with frequent mitotic activity and (often)
nuclear pleomorphism

Primary cardiac Diffuse large B-cell lymphoma is the most

lymphoma common subtype, although Burkitt lymphoma,
low-grade B-cell lymphoma, and T-cell
lymphoma have also been described
Mesothelioma Epithelioid (plump, rounded), sarcomatoid
(spindled), or a combination of either
Metastasis Largely dependent on primary tumor

Role of Biopsy Role of Surgery Ref. #
Usually required, if possible Complete surgical resection, if possible (26,60)
Surgical resection/debulking to improve
symptoms
Usually required, if possible Complete surgical resection, if possible (28)
Surgical resection/debulking to improve
symptoms
Usually required, if possible Complete surgical resection, if possible (28)
Surgical resection/debulking to improve
symptoms
Usually required, if possible Complete surgical resection if possible (61,62)
Surgical resection/debulking to improve
symptoms
Usually required, if possible Complete surgical resection, if possible (60,63)
Surgical resection/debulking to improve
symptoms
Required No role for surgery (61,64)
Pericardial biopsy or pericardial fluid Complete surgical resection, if possible (65,66)

analysis

Typically required at site of primary
tumor

Pericardiectomy to relieve constriction

Surgical debulking only in symptomatic cases (61,67)

who are deemed appropriate surgical candidates with
low risk, or at the time of cardiac surgery for another
cardiovascular condition (8). This dramatically re-
duces the risk of stroke (32). Right-sided papillary
fibroelastomas are usually managed conservatively
unless they are associated with hemodynamically
significant obstruction or risk of paradoxical embo-
lism (e.g., in cases of intracardiac shunts) (32). If
surgery is not undertaken due to high surgical risk or
patient preference, treatment with antiplatelet
agents may be considered, despite limited supporting
data (32).

Rhabdomyoma. Rhabdomyomas are mostly found
in the pediatric population, with no predilection for
any specific cardiac chamber. They can present with
arrhythmias and heart failure symptoms. Rhabdo-
myomas usually spontaneously regress; therefore,
serial echocardiography is recommended as a
follow-up.

Rhabdomyoma (Figure 5) is the most prevalent
pediatric PCT and typically presents during the first
year of life (47). These tumors are multiple in 90% of
patients and often involve the atria and ventricles
with equal distribution on the right and left side of
the heart (31). Association with tuberous sclerosis is
well established (48). Rhabdomyomas are arrhyth-
mogenic and can present with palpitations and
syncopal symptoms. Cavity protrusion that results
in flow obstruction may result in heart failure symp-
toms (47).

On TTE, they may appear as small, well-
circumscribed (multiple) nodules or a pedunculated
mass in a cardiac cavity. Occasionally, myocardial
embedding is seen and will appear as a lobulated
homogeneous and hyperechogenic mass, often
brighter than the surrounding myocardium (29).
Cardiac CT will usually reveal an intramural lesion
with homogeneous low attenuation and intracavitary
extension. The presence of multiple masses and other
features of tuberous sclerosis distinguish rhabdo-
myomas from fibromas. On T1-weighted imaging on
CMR, they can appear isointense, and on T2-weighted
imaging, they tend to show hyperintensity compared
with that of the myocardium (42). There is no delayed
gadolinium enhancement exhibited by rhabdomyo-
mas (42).

Rhabdomyomas typically undergo spontaneous

regression; therefore, serial echocardiographic
follow-up is key and often sufficient (49). Surgery is
usually reserved for patients with intractable ar-
rhythmias or heart failure (31).
Fibroma. Fibromas are more common in infants, are
often located in the ventricle, and can be associated
with a wider syndrome. They are best seen on CT as a
homogeneous mass with central calcification. Surgi-
cal resection is recommended due to risk of sudden
cardiac death.

Cardiac fibroma is the second most common PCT in
infants. They are composed of fibroblasts and
collagen fibers of variable sizes with central
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calcifications (50). They are commonly located in the
ventricular myocardium, usually in the left ventric-
ular free wall or interventricular septum, and can
often mimic hypertrophic cardiomyopathy (51). They
may also be associated with familial adenomatous
polyposis and Gorlin syndrome, in which case an
atrial origin is more common. Although histologically
benign, patients may present with ventricular ar-
rhythmias and sudden death secondary to interfer-
ence with conduction pathways (52). Large tumors
can also cause dyspnea (53).

On TTE, they usually appear as a distinct well-
demarcated, noncontractile, and solid highly echo-
genic mass within the myocardium with central cal-
cifications. Typically, their size ranges from 1 to
10 cm. Cardiac CT typically shows an intramyocardial,
homogeneous low-attenuation mass with occasional
central calcification with variable margins and little to
no contrast enhancement (54). On T1-weighted im-
aging on CMR, fibromas appear isointense compared
with that of muscle. On T2-weighted images, they are
known to be homogeneous and hypointense, unlike
other tumors, and typically show minimal or no
enhancement with gadolinium (55).

Because of the increased risk for fatal arrhythmias

and sudden death, coupled with the fact that these
tumors do not spontaneously regress (unlike rhab-
domyomas), surgical resection is recommended,
regardless of symptoms (30).
Cardiac paraganglioma. Cardiac paraganglioma is a
rare neuroendocrine tumor usually located in the left
atrium. It is positive on PET imaging. Surgical resec-
tion is recommended, with pre-operative medical
optimization to prevent catecholamine surges.

Cardiac paraganglioma (Figure 6) is an exceptionally
rare tumor that originates from the paraganglionic
cells located in relation to the great arteries, the coro-
nary arteries, or the atria. It is commonly located in the
left atrium (55%), followed by the interatrial septum
(16%) and the anterior surface of the heart (10%) (56).
They can either be secretory or nonsecretory tumors.
The former produces endogenous catecholamines that
lead to an excessive sympathetic discharge, which re-
sults in a plethora of symptoms (e.g., palpitations,
flushing, and tremors). Like any cardiac tumor, pa-
tients may also present with symptoms of dyspnea and
angina related to compression of the cardiac chambers
or coronary arteries.

On echocardiography, paragangliomas usually
appear as echogenic masses that have a broad base
(50). On cardiac CT, they appear as heterogeneous
masses with low attenuation on unenhanced
imaging (50), with marked enhancement on
contrast-enhanced imaging (57). On CMR, they
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usually show high-signal intensity on T2-weighted
images (50). They are expected to be positive on
PET imaging (58). Definitive diagnosis remains his-
topathological examination.

Pre-operatively, in a secreting type of cardiac

paraganglioma, medical optimization with alpha-
blockade must be carried out, followed by beta-
blockade to avoid hemodynamic changes during
surgery. The definitive treatment of a symptomatic
cardiac paraganglioma is surgical. However, because
these tumors are highly vascular, they tend to involve
the coronary arteries; therefore, surgical resection is
often difficult (59).
Rare benign PCTs and masses mimicking benign
PCTs. Rare benign PCTs and masses mimicking
benign PCTs are further discussed in the
Supplemental Appendix.

MALIGNANT PCTs. Introduction to malignant
PCTs. Malignant tumors (Table 3) are extremely rare
and represent only 5% to 6% of PCTs (3,6). Sarcomas
are most common (64.8%), followed by lymphomas
(27%) and mesotheliomas (8%) (3). Evidence of rapid
growth, local invasion, presence of feeding vessels,
hemorrhage, or necrosis within the mass, involve-
ment of >1 cardiac chamber, and pericardial effusion
are all features suggestive of malignancy. However,
no single feature is both sensitive and specific (40,52).
As with benign cardiac tumors, the clinical presenta-
tion can vary but typically is related to the location of
the tumor.

Generally, the survival of patients diagnosed with
malignant primary tumors are poor. In a retrospective
study conducted by Sultan et al. (68), in which 747
patients with malignant primary tumors were
analyzed, the survival was 81.2% at 1 month, 45.3% at
12 months, and 11.5% at 60 months from the time of
diagnosis. Patients treated with surgery or surgery
with chemotherapy and/or radiotherapy had better
outcomes compared with those who had no surgery,
recognizing a risk of selection bias (68). The greatest
risk factors for mortality were advanced age, higher
comorbidity index, and the presence of metastases
(68).

CLASSES OF MALIGNANT PRIMARY TUMORS.
Primary cardiac sarcomas. Cardiac sarcomas
represent more than two-thirds of all malignant
primary tumors (3). Compared with extracardiac soft
tissue sarcomas, cardiac sarcomas are seen in
younger patients in their 40s and who have worse
prognosis with a 5-year survival rate of 14% (3).
Histopathological subtypes of primary cardiac sar-
comas include angiosarcomas, leiomyosarcomas, lip-
osarcomas, rhabdomyosarcomas, synovial sarcomas,
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FIGURE 6 Cardiac Paraganglioma

Cardiac paraganglioma in a 72-year-old man presenting with flushing and palpitations. (A) A well-circumscribed heterogeneous mass with contrast uptake

(white arrow) on cardiac CT at the superior-septal aspect of the right atrium, with significant compression of the right upper pulmonary vein. The mass is well
vascularized and supplied by a branch of the right coronary artery. (B) Heterogeneous appearance on SSFP imaging on CMR (white arrow) on. (C) Avid right atrial mass
(white arrow) on fluorodeoxyglucose—positron emission tomography (FDG-PET) CT. Abbreviations as in Figures 2 and 3.

myxofibrosarcomas, and undifferentiated pleomor-
phic sarcomas. Angiosarcomas, followed by leiomyo-
sarcomas, are the most common differentiated
sarcomas (69).

Angiosarcoma. Angiosarcoma is an aggressive sar-
coma that often originates in the right atrium and has
a high likelihood of metastases at the time of pre-
sentation. Complete surgical resection confers the
best long-term outcome; however, this is rarely
possible due to anatomical considerations and meta-
static spread.

Angiosarcomas (Figure 7) are highly aggressive tu-
mors consisting of irregularly shaped vascular chan-
nels lined by anaplastic epithelial cells with sizeable
areas of necrosis and hemorrhage. They preferentially
affect men and have a peak incidence in the fourth
decade of life. They are of right atrial origin in
approximately 75% of cases and typically fill this
chamber and then infiltrate into the pericardium,
tricuspid valve, right ventricle, and right coronary
artery (70). Metastases develop in 47% to 89% of pa-
tients, most commonly to the lungs but also to the
bone, colon, and brain (71). Patients typically present
with symptoms of right heart failure, shortness of
breath due to hemopericardium, and palpitations
secondary to supraventricular arrhythmias.

On TTE, angiosarcomas typically appear as an
echogenic nodular or lobulated mass in the right
atrium, with pericardial effusion or direct pericardial
extension (72). Cardiac CT allows for evaluation of the
tumor burden and vascularity. The tumor is grossly
hemorrhagic and often heterogeneous in appearance
because of the scattered areas of nonenhancing

necrosis (19). Invasion into adjacent structures at the
time of diagnosis is common, with pericardial and
pleural effusions readily observed (19). When inva-
sion into the pericardium is present, there is usually a
“sheet-like” thickening due to the distribution and
arrangement of the tumor cells, which is in contrast to
the nodular appearance seen in rhabdomyosarcomas
(19). On T1-weighted imaging on CMR, they appear as
isointense lesions with multiple nodular areas of high
intensity, often portrayed as having a “cauliflower”
appearance (72,73). Late gadolinium enhancement
characteristics of the tumor show heterogeneous
enhancement and may show a large necrotic core
without enhancement (74). When invasion into the
pericardium is present, it is often described as having
a “sunray” appearance due to avid late gadolinium
enhancement along the prominent vasculature of the
tumor (72,75).

Cardiac angiosarcomas have an especially poor
prognosis, with a mean survival of 3.8 & 2.5 months
without surgical resection (71). There are no clear
prognostic factors. Negative margins resection con-
fers the best long-term outcome but is often pre-
cluded due to anatomical considerations.
Neoadjuvant chemotherapy in combination with
surgical debulking may confer some survival advan-
tage. However, because most of the literature on
cardiac angiosarcomas is based on clinical cases or
single institution studies, no standardized treatment
algorithms exist (76).

Leiomyosarcoma. Leiomyosarcomas (Figure 8) are
rare but highly aggressive. They are usually only
symptomatic once the tumor has reached an
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FIGURE 7 Angiosarcoma

Cardiac angiosarcoma with lung metastases in a 58-year-old man presenting with hemoptysis. (A) Heterogeneous irregular mass (white arrow) in the right atrium on
echocardiography. (B) Mass involving the right atrium (black arrow), which is heterogeneous in appearance on enhanced cardiac CT with scattered areas of non-
enhancing necrosis. Right-sided pleural effusion is present. (C) Large mass involving the right atrium (white arrow) that crosses tissue boundaries (infiltrating the right
atrium and across into the pericardial space and into the extracardiac fat). The mass is highly vascular with additional hemorrhagic and necrotic components seen on
late enhancement imaging on CMR. (D) Irregular area of intense metabolic activity (white arrow) in the right atrium on PET CT. Abbreviations as in Figures 2 and 6.

advanced stage. Complete resection and adjunctive
chemotherapy or radiotherapy may help to margin-
ally improve prognosis.

Leiomyosarcomas include 8% to 9% of all cardiac
sarcomas (77) and are a rare and highly aggressive
cardiac sarcoma with no more than 200 cases re-
ported in the literature (78). These tumors are usually
seen in the posterior left atrium and present as sessile
masses that can have a mucoid appearance (79). This
tumor has also been described in all other cardiac
chambers. Histologically, it is composed of compact

bundles of spindled cells with blunt nuclei and re-
gions of necrosis, and mitotic figures with epithelioid
regions are often present (80).

The clinical presentation depends on the location
and size of the tumor (81); however, it is usually
asymptomatic until it reaches an advanced stage. The
tumors that infiltrate the myocardium are frequently
associated with arrhythmias (81). Other less common
presentations include features of venous and intra-
aortic thrombosis (82). On cardiac CT, leiomyosarco-
mas appear as irregular lobulated low-attenuated
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FIGURE 8 Leiomyosarcoma

Paracardiac leiomyosarcoma in a 42-year-old man presenting with chest pain. (A) Paracardiac mass (white arrow) adjacent to the left ventricular apex that appears to
be external to but closely adherent to the pericardium on SSFP imaging on CMR. (B) Paracardiac mass (white arrow) showing no late gadolinium enhancement on CMR.

(©) Increased signal intensity on fat-water suppression imaging on CMR. Abbreviations as in Figures 2 and 3.

masses with pericardial effusion (83). They usually
invade mitral valve and pulmonary veins and appear
as a filling defect (83). Dystrophic calcification may
also be seen (72).

Primary cardiac leiomyosarcomas have a poor
prognosis, and the mean survival time without
treatment is reported to be 6 months from the time of
diagnosis. Despite the high incidence of distant me-
tastases, surgical resection relieves symptoms
adequately and offers palliation. A few cases of
palliative chemotherapy alone or surgery followed by
palliative chemotherapy have been reported, with
survival of 10 to 18 months (77).
Rhabdomyosarcoma. Rhabdomyosarcomas are the
most common pediatric malignancy and often affect
the valves. These tumors present with symptoms
related to cardiac invasion or obstruction and are
managed with a combination of surgery, chemo-
therapy, and radiotherapy. Prognosis is dismal.

Rhabdomyosarcomas are malignant tumors of
striated muscle that account for 4% to 7% of cardiac
sarcomas and remain the most common pediatric
cardiac malignancy (57). These tumors arise from the
myocardium, have a tendency toward valvular
involvement, and show no chamber predilection
(84).They are often bulky and invasive, >10 cm in
diameter, and are usually of the embryonal type, with
rhabdomyoblasts containing abundant glycogen and
expressing desmin, myoglobin, and myogenin (85).
They typically present with symptoms related to
cardiac invasion or obstruction. Because the growth
rate is high before clinical presentation, rhabdomyo-
sarcomas are difficult to treat and are often rapidly
fatal (86).

Cardiac CT may show a smooth (87) or irregular
(88) low-attenuation mass in a cardiac chamber. On
CMR, they appear isointense on T1-weighted images,
hyperintense on T2-weighted images, and generally
demonstrate homogeneous contrast enhancement,
and in some instances, with regions of hypointensity
due to central necrosis (55,57). Extracardiac extension
is clearly depicted at CT and CMR imaging. Obstruc-
tive pulmonary artery metastasis of rhabdomyosar-
coma has been described as markedly hyperintense
(89).

The standard therapy for rhabdomyosarcoma is a
combination of surgery, chemotherapy, and radia-
tion therapy, an approach that has been developed
over the past several decades through a series of
large-scale trials (90). Complete surgical resection is
still an important prognostic factor; however, due
to the aggressive nature of the tumor, 46% of pa-
tients present with metastatic disease (91). There-
fore, the most important component of the
combined modality approach is systemic chemo-
therapy. Vincristine, dactinomycin, and cyclophos-
phamide are the standard regimen for
rhabdomyosarcoma (92). Radiation therapy is
administered to achieve local control in patients
with residual microscopic or gross disease following
surgery and chemotherapy (93). Unfortunately,
despite treatment, patients with primary cardiac
rhabdomyosarcoma are expected to survive <1 year
in most cases (94).

Osteosarcoma. Osteosarcoma is extremely rare,
predominantly found in the left atrium, and pre-
sents with arrhythmias and heart failure symp-
toms. This tumor is best seen on CT as low
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FIGURE 9 Primary Cardiac Lymphoma

Primary cardiac lymphoma in a 72-year-old woman presenting with shortness of breath and worsening peripheral edema. (A) Cardiac mass (white arrow) shows patchy
heterogeneous late gadolinium enhancement on CMR. (B) FDG PET CT pre-treatment. Increased FDG uptake within the mass (white arrow), which is replacing the right
atrium and extending into the right ventricle. (C) FDG PET CT post-treatment. Complete metabolic resolution in the right atrial cardiac mass (white arrow).

Abbreviations as in Figures 2 and 6.

attenuated masses with dense mineralization. It
should be treated with surgical resection, if
possible.

Primary cardiac osteosarcomas are extremely rare,
consisting of 3% to 9% of all cardiac sarcomas (80).
They consist of sheets of atypical spindle or ovoid
cells, mingled with osteoid, bone, or chondroid sub-
stances. They may be predominantly osteoblastic but
still possess the potentiality of chondroblastic or
fibroblastic differentiation (95).

Unlike metastatic osteosarcoma, which most often
occurs in the right atrium, primary cardiac osteosar-
comas arise in the left atrium in most cases. They are
highly invasive and frequently infiltrate into the
adjacent myocardium, which results in arrhythmias
and impaired ventricular function. They can often
infiltrate into the pericardium, causing pericardial
effusion.

On echocardiography, cardiac osteosarcomas often
appear as asymmetrical internal echoes. The charac-
teristic CT findings of cardiac osteosarcomas have
been reported as a low attenuation mass with dense
mineralization (72). Osteosarcomas often have dense
calcification and form stone masses, or may also have
minimal calcification in the early stages. Technetium-
99 MDP (methylene diphosphonate) single-photon
emission CT is also useful in detecting bone-origin
osteosarcoma and bone metastasis because of its
exclusive superiority in imaging the skeletal system.

Because of its invasion, size, site, and attachment,
complete resection is impossible for most cases (62),
which results in an ominous prognosis. Location in
the left atrium, absence of necrosis, and complete
surgical excision are associated with better survival
rates.

Undifferentiated sarcoma. Undifferentiated sar-
comas have no specific histological pattern, are
invasive, and are often seen in the left atrium. Most
patients present with pulmonary congestion. The
prognosis is poor, despite surgery and palliative
chemotherapy.

Sarcomas without specific histological patterns,
ultrastructural features, or specific immunohisto-
chemical findings are regarded as undifferentiated
and constitute <24% of sarcomas (80). Undifferenti-
ated high-grade pleiomorphic sarcoma (previously
called pleiomorphic malignant fibrous histiocytoma)
has a mean age of presentation of 44 years and affects
either sex equally (80). They predominate in the left
atrium and are typically invasive with a characteristic
diffuse wall involvement (96). Undifferentiated plei-
omorphic sarcoma is a diagnosis of exclusion, after
thorough sampling and judicious use of ancillary
diagnostic techniques. The tumors have diverse
clinical manifestations, although the most common is
pulmonary congestion (80). Similar to angiosarcomas,
they may appear as focal or infiltrative masses with
necrosis and hemorrhage on CMR. However, unlike
angiosarcomas, which are usually found in the right
atrium, undifferentiated sarcomas have a predilec-
tion for the left atrium (81%) (97). This is an extremely
aggressive form of cancer, and the prognosis is very
poor. Surgery and palliative chemotherapy are the
mainstay of treatment (63,98).

Primary cardiac lymphomas. Primary cardiac lym-
phomas are mainly aggressive B-cell lymphomas seen
more commonly in immunocompromised in-
dividuals. These tumors have a predilection for
the right side of the heart and can present with
nonspecific symptoms, including constitutional
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FIGURE 10 Secondary Cardiac Tumor

o
A

signal enhancement. Abbreviations as in Figure 2.

Non-small cell lung cancer with cardiac metastasis in a 48-year-old man presenting with acute anterior myocardial infarction. (A) Necrotic mass in the right middle lobe
(white arrow) on cardiac CT, invading into the pericardium. (B) On resting perfusion on CMR, there is a large perfusion defect within the soft tissue mass (white arrow).
The perfusion defect extends down the interventricular septum, where it likely represents the recent left anterior descending artery infarct. The mass did not enhance
on first pass perfusion (not shown). (C) On late gadolinium enhancement imaging on CMR, there is an avascular core within the mass (white arrow), surrounded by high

symptoms. Treatment is with chemotherapy and
immunotherapy.

Primary cardiac lymphomas (Figure 9) in immu-
nocompetent patients are an uncommon malignancy,
accounting for 1.3% of PCTs (99), whereas cardiac
metastases from extracardiac forms of lymphoma are
far more common (approximately 25% of patients
with lymphoma have cardiac involvement). Nearly all
primary cardiac lymphomas are aggressive B-cell
lymphomas, with an increasing incidence secondary
to lymphoproliferative disorders related to Epstein-
Barr virus in patients with AIDS and in patients who
have received transplants. The mean age at diagnosis
is 63 years of age (99). They most commonly involve
the right side of the heart, particularly the right
atrium, but any chamber can be involved. There are
frequently multiple lesions.

The symptoms of primary cardiac lymphoma are
nonspecific. It can manifest as a heart rhythm dis-
turbances, including heart block, syncopal episodes,
or even as a restrictive cardiomyopathy (100).
Constitutional complaints (fever, chills, sweats, and
weight loss), chest pain, and dyspnea are also com-
mon. Approximately 20% of patients may develop
acute heart failure before the presentation of other
symptoms (101).

On echocardiography, these tumors can appear as
homogeneous, infiltrating masses that lead to wall
thickening and restrictive physiology, or as nodular
masses intruding into the heart chambers, with a
predilection for the right heart chambers (especially,
the right atrium). The atrioventricular groove can be
affected as well, encasing the right coronary artery,
as well as the pericardium with effusion or

enfacement. Cardiac CT may show a large focal
mass, diffuse soft tissue infiltration, or multiple
nodules with heterogeneous enhancement. Medias-
tinal lymphadenopathy may also be present. On
CMR, tissue appears isointense on Ti-weighted im-
aging, although some cases report hypointense le-
sions. On T2-weighted imaging, lesions are mildly
hyperintense due to diffuse edema. Scattered re-
gions of hypointensity suggestive of central necrosis
may also be appreciated (102). '®F-FDG PET provides
information on the metabolism and degree of cell
proliferation in the lesions through the intensity of
uptake of ®F-FDG, which is directly proportional to
the degree of malignancy of the lesion (103). 8F-
FDG PET is also performed after completion of
chemotherapy to evaluate the final treatment
response.

The diagnosis can be confirmed via analysis of
pericardial effusion, endomyocardial biopsy tissue, or
surgical specimens. Treatment is primarily with
anthracycline-based chemotherapy and the mono-
clonal anti-CD20 antibody rituximab (23,64). The
overall response rates to chemotherapy are 79% to
87%; however, the recurrence rate is as high as 55%,
and recurrence usually develops at extracardiac
extranodal sites (101). Multimodality treatment may
also include autologous stem cell transplantation.
Cardiac lymphoma typically follows an aggressive
clinical course. The prognoses of patients with pri-
mary cardiac lymphomas are poor. More than 60% of
patients die within 2 months of diagnosis (104). Pre-
dictors for a worse outcome are immune status, left
ventricular involvement, presence of extracardiac
disease, and arrhythmia (105).
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Mesothelioma. Mesothelioma is rare and arises
from the pericardium in most cases. It often presents
with a pericardial effusion with or without tampo-
nade. It is a highly aggressive disease with an
extremely poor prognosis, often treated palliatively
only.

Mesotheliomas consist of most of the cases of pri-
mary malignant pericardial tumors, and they arise
from the pericardial mesothelial cell layer. Associa-
tion with asbestos exposure is assumed, but a defin-
itive causal relationship has not yet been established
(60). They are rare, accounting for <2% of all meso-
theliomas. By definition, there must be a lack of
pleural involvement or most of the tumor must be
within the pericardial space (23).

Male patients dominate the population of patients
with primary pericardial mesothelioma, with a me-
dian age of 46 years, and a preponderance of patients
in their fifth to seventh decades (106). Clinical
symptoms and signs are closely correlated with the
accumulation of tumor, and therefore, can include
chest pain, dyspnea, systemic symptoms (e.g., weight
loss, fever, and nights sweats), and arrhythmias, as
well as facial, pedal, or low-extremity edema
(57,107,108).

Echocardiography typically reveals a pericardial
effusion and a tumor encasing the heart; a discrete
mass may not be seen. CMR and CT show multiple
enhancing and coalescing pericardial masses that
envelop the pericardial space (109). Integrated PET/
CT imaging with co-registration of functional and
anatomic imaging data improves the localization of
regions of increased FDG uptake and the accuracy of
staging (110,111). This is valuable for monitoring the
efficiency of disease management and the direction of
subsequent therapy (110,111).

Microscopic evaluation is needed to establish the
diagnosis. A cytological sample may be obtained by
pericardiocentesis but is commonly unrevealing, and
only clues of hemorrhage and/or inflammation are
found (112,113). Histopathological analysis is there-
fore required (114). A tissue sample can be obtained
through open biopsy, pericardiectomy, or mass
resection (114). Histologically, mesotheliomas can be
epithelial, sarcomatous, or biphasic.

Primary pericardial mesothelioma is a highly
aggressive disease with a uniformly negative prog-
nosis due to its late presentation, diagnostic un-
certainties, difficulty in complete resection, and poor
response to therapies (66). The median post-
diagnosis survival is 6 months in patients with peri-
cardial mesothelioma (107). No standard treatment
strategy has been established; however, surgery with
or without chemotherapy are often used. With regard
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to surgery, complete resection is hardly achieved
because of the wide myocardial infiltration and in-
vasion of adjacent structures; however, long-term
survival is expected in cases of localized mass and
complete resection (66). Palliative surgery and peri-
cardectomy are most commonly used as methods to
relieve constriction, whereas the creation of a peri-
cardial window can be helpful for the treatment of
instilling chemotherapy (66).

SECONDARY CARDIAC TUMORS

Cardiac metastases (Figure 10) are 20 to 40 times more
common than PCTs (60). Up to 12% of oncology pa-
tients have metastases to the heart or pericardium at
autopsy, although most remain clinically silent (115).
Melanomas have the greatest propensity for cardiac
involvement (116), whereas carcinomas of the thorax,
including breast, lung, and esophageal, are the most
common carcinomas that metastasize to the heart.
Malignant tumors use 1 of 4 routes to reach the heart
(117), including hematogeneous, lymphatic, trans-
venous spread, or direct invasion. In addition, the
metastatic route significantly determines the target
tissue (117). For instance, masses that spread through
the lymphatics often seed the pericardium or epicar-
dium (117).

Cardiac involvement should be suspected or
sought in any patient with a known malignancy who
develops new cardiovascular signs or symptoms.
Pericardial involvement may give rise to pericardial
effusion and tamponade (72,73). Myocardial metas-
tasis can result in conduction disturbances that
trigger arrhythmias that may be resistant to standard
antiarrhythmic medications (72,77). Myocardial
replacement with neoplastic cells may eventually
lead to heart failure (73). Intracavitary masses impede
blood flow and cause valvular dysfunction (72). Mul-
tiple masses or nodules are typical of metastases,
although diffuse infiltration has also been recognized.

Echocardiography should be undertaken as the
initial diagnostic test to evaluate for the presence of
cardiac metastatic disease. On CMR, most secondary
cardiac malignancies exhibit a low-signal intensity on
T1-weighted imaging and high-signal intensity on T2-
weighted imaging (118,119). A notable exception to
this is metastatic melanoma, which appears hyper-
intense on Ti-weighted imaging due to the para-
magnetic Ti-shortening effects of melanin.
Importantly, the presence of cardiac metastases by
CMR, even if isolated, confers a similar prognosis to
stage IV cancers (120). FDG-PET/CT imaging is
commonly used to evaluate for metastatic lesions. In
most extracardiac tissues, delineation of an FDG-avid
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focus is relatively simple. In cardiac metastases, this
task is more challenging. The myocardium, because
of its high metabolic activity, exhibits FDG uptake
similar to a tumor (121,122). Patients should undergo
adequate dietary preparation before FDG PET imag-
ing (22).

Management is individualized and directed toward
the primary tumor. Resection is usually not indicated,
except in select conditions (74): 1) in patients with
intracavitary metastases that result in significant he-
modynamic complications progressing to cardiac
decompensation (67,122); or 2) patients with solitary
cardiac disease when the primary tumor is controlled
and good prognosis is expected (121).

CONCLUSIONS

Although cardiac tumors are rare, they can lead to
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obstruction and fatal arrhythmias, even when benign.
Imaging plays a central role in the evaluation of a
suspected tumor, and with multimodality imaging
being more readily available, we are better able to
accurately distinguish cardiac masses to provide
optimal medical management. Imaging not only helps
to identify a likely etiology but also to plan ap-
proaches for further diagnostic investigations and
guide management, be it medical, surgical, or both.
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