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Opinion statement

Cardiac masses and tumors are a heterogenous group of disorders and include primary
tumors (both benign and malignant), metastatic disease, and numerous masquerades
such as thrombus. Clinical presentation ranges from incidental discovery on imaging
tests ordered for other reasons to life-threatening presentations such as cardiac
tamponade, arrhythmia, obstruction, and systemic embolization. Of the available
imaging modalities, cardiac MRI is generally the most useful for assessment and
helps to delineate the relevant anatomy. Due to the technical difficulties and risk
of biopsy of cardiac masses, a presumptive diagnosis is typically made using imaging
techniques with surgery serving both a diagnostic and curative role. Because these
conditions can vary widely in their management, we recommend early involvement of
a multidisciplinary group which should include a cardiologist, cardiac surgeon, and
oncologist.
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Introduction

Cardiac masses are uncommonly encountered clinical
problems with significant heterogeneity in pathology
and clinical presentation. Diagnosis and management
can be challenging due to the difficulty in obtaining a
biopsy and the reliance on imaging characteristics to
make a presumptive diagnosis. Cardiac masses can be
classified as benign primary cardiac tumors, primary

malignant cardiac tumors, metastases or local invasion
from another malignancy, and tumormasquerades such
as thrombus or vegetation (Table 1). In this article, we
will review the clinical presentation, differential diagno-
sis, diagnostic modalities, and management and treat-
ment of cardiac tumors.

Epidemiology

Metastatic cancer to the heart is significantly more common than primary
cardiac tumors [1]. The most common cancers to metastasize to the heart are
lung (37%), breast (7%), and esophageal cancers (6%) and hematologic ma-
lignancies such as lymphoma (20%) [2]. Primary cardiac tumors are rare with
an incidence in the range of 1.38 to 30 per 100,000 people per year [3]. Of
primary cardiac tumors, 80% are benign and 20% are malignant [4]. The three
most common primary tumors in patients greater than 16 years of age are
myxomas (50%), lipomatous tumors (21%), and papillary fibroelastomas
(16%) and account for ~85% of benign cardiac tumors in this age group. The
four most common tumors in children younger than 16 years of age are
rhabdomyomas (55%), teratomas (16%), fibromas (10%), and myxomas
(10%) and account for ~90% of benign cardiac tumors in this age group.

Table 1. Cardiac tumors

Metastatic tumors Benign primary cardiac tumors (80%)

Lung Myxoma

Hematologic Lipoma

Breast Fibroelastoma

Esophageal Rhabdomyoma

Skin Fibroma

Stomach Angioma

Renal cell Teratoma

Hepatocellular Cystic tumor

Sarcoma Paraganglioma

Malignant primary cardiac tumors (20%)

Angiosarcoma

Rhabdomyosarcoma

Mesothelioma
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Clinical presentation

The clinical presentation of cardiac tumors is myriad, ranging from asymptom-
atic detection on imaging tests ordered for other reasons to shock or aborted
sudden cardiac death. When patients have symptoms, they can be categorized
as constitutional (fever and weight loss), distal embolization, or direct effects
from the tumor. Distal embolization of tumor or thrombus that has aggregated
on tumor is common in masses involving the left atrium or left ventricle. Sites
of distal embolization determine the clinical presentation which can include
stroke, mesenteric ischemia, splenic or renal infarction, or acute limb ischemia.
Masses involving the right atrium and right ventricle can result in pulmonary
embolism or more rarely systemic embolism in the setting of right-to-left
cardiac shunting.

Direct tumor effects of cardiacmasses can be further stratified as obstruction,
cardiac tamponade, and arrhythmia. Obstructive symptoms such as congestive
heart failure or syncope may occur with significant impendence to flow of any
cardiac chamber or valve. In the event of a mass in the right atrium or right
ventricle, this results in right-sided heart failure symptoms including peripheral
edema, ascites, or superior vena cava syndrome. In large left atrial or left
ventricular masses, shortness of breath due to pulmonary edema is common.
Cardiac tamponade is themost frequent life-threatening presentation of cardiac
tumors and occurs due to fluid filling the pericardial space and restricting
cardiac filling. This is frequently seen in metastatic disease to the heart or
pericardium but is especially common with direct extension of breast or lung
cancer. Cardiac tumors can cause arrhythmia due to disruption of normal
myocardium. Any arrhythmia can occur, including atrial fibrillation, ventricular
tachycardia, and ventricular fibrillation.

The identification of an intracardiac mass should first be placed in the
context of the patient’s clinical history. Important factors to consider include
age with fibroma or rhabdomyoma more likely in a pediatric patient. Prior
cardiac history should be considered, with atrial fibrillation placing patients at
risk of atrial thrombus and left ventricular systolic function being associated
with left ventricular thrombus [5, 6]. When approaching a valvular mass, risk
factors for infective endocarditis such as prosthetic valves or immunodeficiency
and thrombotic risk factors such as the antiphospholipid antibody syndrome
[7] should be considered. Systemic symptoms like fevers and weight loss may
occur with nearly any cardiac mass including myxoma, lymphoma, distant
malignancy, and chronic infective endocarditis.

Treatment

Treatment is highly dependent on the tumor type, diagnostic certainty, presence
or absence of metastatic spread, clinical presentation, and comorbidities. For
instance, cardiac tamponade with cytopathologic confirmation of adenocarci-
noma in the setting of known metastatic breast cancer represents a markedly
different clinical scenario than a young person who is presenting with an
incidentally discovered right atrial mass. As a result of these complexities,
decisions on treatment are best made by an interdisciplinary team including a
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cardiologist, cardiac surgeon, and oncologist. Important considerations when
deciding to send the patient for surgery include the need for a tissue diagnosis,
presence of obstructive symptoms and need for relief of obstruction, and
expected response to chemotherapy and/or radiotherapy. Given the difficulty
of biopsy in cardiac tumors, it is our experience that a presumptive diagnosis
must be made based on radiologic appearance with surgery undertaken to
provide both definitive diagnosis and therapy. In patients with cardiac tampo-
nade, the initial procedure of choice is typically a pericardiocentesis. In the
event of recurrent effusion, a more durable solution such as a surgical pericar-
dial window is needed.

Diagnosis
Imaging

Intracardiac masses are diagnosed and characterized using multimodality non-
invasive imaging techniques (Table 2). The goal of cardiac imaging is to provide
information about mass size, anatomic location and extent, functional impli-
cations in relation to flow obstruction, valvular involvement, regional contrac-
tility, presence or absence of pericardial metastasis, and effusion (with assess-
ment for evidence of tamponade), and to identify tissue characteristics impli-
cative of particular diagnoses. With these goals in mind, echocardiography,
cardiac MRI, and/or computed tomography serve complimentary roles.

Echocardiography
Transthoracic echocardiography is generally the initial diagnostic test utilized
for the evaluation of a suspected cardiac mass. Major advantages include wide
availability and expertise, high spatial and temporal resolution to identify
small, mobile masses (e.g., valvular vegetations or fibroelastomas), and assess-
ment of intracardiac flow via Doppler echocardiography. Major limitations
include inability to determine the full extent and origin of a mass due to
restricted imaging planes, the potential for poor acoustic windows, and little
capacity for tissue characterization. Contrast echocardiography can improve
sensitivity for the identification of intraventricular masses, particularly when
acoustic windows are poor. It also offers some ability to distinguish tumor from
thrombus, as highly vascularized tumors will enhance when contrast is admin-
istered [8].

Transesophageal echocardiography is ideally suited for close evaluation of
left-sided structures and is particularly useful in the evaluation of masses within
the left atrium or involving the mitral valve. It can also be utilized intraoper-
atively to evaluate the success of surgical debulking in real time, or assess for
new valvular dysfunction after adherent masses are resected.

Computed tomography
Cardiac computed tomography (CT) provides a cross-sectional imaging with
high spatial resolution for assessing the heart and surrounding structures (lungs,
mediastinum, upper abdomen). This makes it a preferred modality for evalu-
ating patients suspected to have a cardiac metastasis with extracardiac primary
malignancy. CT is ideal for tracking locally invasive pulmonary, breast,
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gastrointestinal, or hematogenousmalignancies, or following transvenous renal
cell or hepatocellular carcinomas to their origins. ECG gating can be performed
to reduce motion artifact of the beating heart and produce cine images that
provide insight into function. Coronary CT angiography can be performed
concurrently to assess coronary and bypass graft anatomy and screen for coro-
nary artery disease for surgical planning. Major limitations include exposure to
ionizing radiation (a particular consideration in pediatric patients) and neph-
rotoxicity with iodinated contrast. In addition, image quality using ECG-gated
techniques may be compromised in the context of irregular rhythms or
tachycardia.

Table 2. Advantages and disadvantages of imaging modalities

Advantages Disadvantages
Echocardiography 1. Wide availability and expertise

2. Low relative cost
3. High spatial and temporal resolution for the evaluation
of small mobile masses
4. Doppler echocardiography can be used to assess
intracardiac flow and valvular function
5. Transesophageal echocardiography can be available
intraoperatively

1. Restricted imaging planes
2. Potential for poor acoustic windows
(particularly with obesity and lung disease)
3. Operator dependency
4. Limited capacity for tissue characterization

Computed
tomography

1. High spatial resolution
2. Tomographic imaging ideal to evaluate surrounding
structures for extracardiac disease
3. ECG-gated imaging allows functional assessment
without restricted imaging planes
4. Can concomitantly assess coronary arteries and bypass
grafts via coronary CTA for surgical planning
5. Superior tissue characterization compared to
echocardiography

1. Exposure to ionizing radiation
2. Nephrotoxic iodinated contrast
3. Gating may be limited in the context of
irregular rhythms or tachycardia

Cardiac magnetic
resonance

1. Higher soft-tissue and temporal resolution relative to
CT

2. Provides functional assessment with no restriction to
imaging planes
3. Superior tissue characterization compared to
echocardiography and computed tomography

1. Contraindicated in patients with GFR
G30 ml/min, ferromagnetic foreign
material

2. Relative contraindication with implantable
electronic device
3. Prolonged supine positioning with repeated
breath holds
4. Claustrophobia
5. Extracardiac structures not as
well-visualized compared to computed
tomography
6. Gating may be limited in the context of
irregular rhythms or tachycardia

Positron emission
tomography

1. May improve discrimination between malignant and
benign tumors, particularly when used in
combination with MRI

2. May assist in discriminating between myocardial
disease recurrence and residual fibrosis

1. Test characteristics for the identification
of intracardiac mass generally inferior to
cardiac MRI

Curr. Treat. Options in Oncol. (2019) 20: 66 Page 5 of 15 66



Tissue characterization can be performed based on differential tissue atten-
uation, with fat, fluid, and calcific tumor components demonstrating distinctive
radiodensities. Contrast enhancement is generally seen in malignant tumors
and in highly vascularized benign tumors such as myxoma and angiomas [9].

Cardiac magnetic resonance
Cardiac magnetic resonance utilizes non-ionizing magnetic field and radio-
frequency sequences to create detailed multiplanar still or cine images with
spatial resolution that nears that of cardiac CT but with higher soft tissue and
temporal resolution [9]. CMR can be used to identify anatomic location and
extent (full-chest MR angiography or “black-blood” spin echo), assess mass
mobility and perform functional assessment (cine-CMR), and highlight differ-
ential tissue properties (using gadolinium perfusion images, delayed gadolini-
um enhancement, and T1- or T2-weighted imaging). It is therefore the most
comprehensive test for identifying and diagnosing cardiac masses [10•] and
should be strongly considered when expertise is available. Major limitations
include contraindication with glomerular filtration rate G30 ml/min due to risk
of nephrogenic systemic sclerosis, relative contraindication with implantable
electronic devices—although new evidence supports safety of MRI in this
context under established protocols [11], prolonged supine positioning with
repeated breath-holds, and patient claustrophobia.

MR angiography and black-blood spin echo sequences provide cross-
sectional imaging to evaluate the heart and surrounding structures, notably
with lower spatial resolution than CT. Cine sequences provide functional
imaging with no limitation to imaging planes. Regarding tissue characteriza-
tion, first-pass gadolinium perfusion sequences are useful to distinguish highly
vascularized tumors from less vascularized tumors and from avascular throm-
bus [12]. Similarly, delayed enhancement can be used to distinguish tumors
that show homogenous uptake of gadolinium (e.g., fibroma) from those with
heterogenous uptake (e.g., metastases or angiosarcomas) [13], from avascular
thrombi that do not uptake contrast. Such findings, together withmass size and
infiltration, can be used to distinguish tumors that are likely malignant from
those that are benign [12]. T1-weighted sequences reliably identify fatty tumors
such as lipoma or lipomatous hypertrophy [14]. T2-weighted sequences iden-
tify masses with high water content, such as myxomas or pericardial cysts.

Positron emission tomography
Positron emission tomography (PET) using 18F-fluoro-D-glucose can be used
in combination with CT (or CMR) to assess cardiac masses, with the extent of
FDG uptake by tumors differentiating benign and malignant tumors [15].
While dedicated PET scans are rarely performed clinically for evaluating known
cardiac masses, cardiac metastases may be identified in staging or screening scans
performed to evaluate the primary malignancy. Test characteristics are limited by
low sensitivity compared with MRI [16] and potential for false positives such as
benign lipomatous hypertrophy being highly metabolically active [17]. A
promising application for PET-CMR is in surveilling for intracardiac tumor
recurrence, where presence of late gadolinium enhancement by MRI alone
may not discriminate between disease recurrence and residual fibrosis [18].
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Tissue diagnosis

Pericardial fluid analysis
Pericardial metastasis is common among cancer patients with a prevalence of
10–20% at autopsy and can occur via local invasion, lymphatic spread, or
secondary involvement of the pericardium from myocardial metastases [19].
A pericardial effusion—characteristically hemorrhagic—oftenmanifests. Rarely,
a malignant pericardial effusionmay occur without a concurrent primary lesion
(e.g., lymphoma, metachronous metastatic melanoma). In such cases, pericar-
dial fluid analysis to make a tissue diagnosis may be helpful. Pericardiocentesis
or pericardial window may be indicated in the case of pericardial effusion with
cardiac tamponade, in which case the procedure may be diagnostic and
therapeutic.

Tissue biopsy
Preoperative direct tissue biopsy may be achievable via endomyocardial biopsy
in the case of right-sided intracardiac masses to guide treatment in those
patients for whom surgical resection is not possible and a histologic diagnosis
is required to inform non-operative treatment options. More commonly, tissue
diagnosis is achieved intraoperatively or following surgical resection of the
intracardiac mass.

Tumor masquerades
Thrombus

Thrombus is themost commonly identified intracardiacmass and can be found
within the atrial or ventricular cavities. A thrombus may be freely mobile such
as with deep venous thrombosis “clot-in-transit,” attached to the endocardial
wall on a pedicle, or fully adherent to the wall and sessile.

Atrial thrombi are most commonly located within the left atrial appendage
and occur with higher frequency in the setting of atrial enlargement, atrial
fibrillation, and mitral valve disease due to stagnation of flow. Left ventricular
thrombi are most commonly seen at the ventricular apex in association with
systolic dysfunction, particularly in the setting of left ventricular aneurysm.
Thrombi in general are also more common among those with hypercoagulable
states such asmalignancy and the antiphospholipid antibody syndrome orwith
endomyocardial fibrosis in the hypereosinophilic syndrome. They are also
commonly observed in patients with intracardiac prosthetic material such as
prosthetic valves or indwelling catheters. Many of these conditions coexist with
active malignancy.

Clinical implications
While very large atrial or ventricular thrombi may result in obstructive or
restrictive physiology, the most frequent and concerning clinical consequence
of thrombus is embolism. Left-sided thrombi with systemic embolization may
most dramatically involve the cerebral or coronary circulation resulting in an
acute stroke or myocardial infarction, but may also result in renal, splenic,
mesenteric, or femoropopliteal infarcts. Right-sided thrombi generally
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embolize to the pulmonary circuit resulting in pulmonary embolism, though
paradoxical systemic embolization may occur in the setting of atrial- or
ventricular-level shunts, such as a patent foramen ovale.

Anticoagulation with low-molecular weight heparin is preferred over vita-
min K agonists to treat thrombus in active malignancy [20]. Recent data
suggests that direct-acting oral anticoagulants can safely be used among cancer
patients with venous thromboembolism [21], but guidelines do not yet support
this practice (updated American Society of Hematology guidelines for manage-
ment of venous thromboembolism in cancer expected in 2019). Treatment
should be continued until follow-up imaging demonstrates thrombus resolu-
tion, or longer. Surgical thrombectomy may be indicated in the case of hemo-
dynamic compromise or recurrent embolization despite anticoagulation. No-
tably, thrombus identified prior to clinical embolization is a treatable condi-
tion, and prior studies have observed similarmortality rates to patientsmatched
on disease etiology and extent when identified incidentally [13].

Diagnosis
While CT or echocardiography with contrast can be useful for differentiating
between tumor and thrombus, CMR is the gold standard for this indication
[22–24]. On contrast-enhanced CMR, cardiac thrombus appears dark due to a
lack of gadolinium uptake whereas the surrounding blood pool and myocar-
dium appear bright from gadolinium enhancement. Notably, tumor and
thrombus are not mutually exclusive and often coexist, as tumor acts as a nidus
upon which thrombus may form.

Vegetation
Infective endocarditis most commonly appears on echocardiography, CMR, or
CT as left-sided, mobile, and irregular masses which are attached to the atrial
aspect of the tricuspid or mitral valves or the ventricular size of the pulmonic or
aortic valves. While transesophageal echocardiography demonstrates the high-
est diagnostic accuracy for left-sided valvular endocarditis, CT and CMR provide
more accurate anatomic information regarding perivalvular extent of abscess.
Right-sided vegetations are less common but are often observed in patients with
indwelling venous catheters or those who inject intravenous drugs.

Infectious vegetationsmay rarely be adherent to the atrial or ventricular wall,
as seen in aspergillomas that may occur in immunosuppressed patients [25].
Non-infective valvular vegetations may also present in the oncologic patient in
the form of marantic endocarditis (non-bacterial thrombotic endocarditis)
which is treated with systemic anticoagulation [26].

Pericardial cysts and diverticula
Pericardial cysts are benign congenital lesions that are generally observed in the
pericardiophrenic spaces and are non-contiguous with the pericardial space. In
contrast, pericardial diverticula are contiguous with the pericardial space and
therefore may change in size based on respiration or body positioning [27].
Pericardial cysts are typically benign findings of little clinical significance and do
not require further work-up or management. However, in rare circumstances,
pericardial cysts can lead to cardiac tamponade or impingement on cardiac
structures causing right heart or left heart failure in which case surgery can be
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required. On echocardiography, cardiac CT, or cardiac MRI, both cysts and
diverticula are visualized as simple thin-walled structures without septation
and without contrast enhancement. Tomographic imaging is helpful to deter-
mine the anatomic location and define the full extent of the lesion. On cardiac
CT, they are non-enhancing and have attenuation similar to water [28], and on
cardiac MRI, they are homogenous and hyperintense on T2-weighted imaging
[29].

Normal structures
Pseudomasses with confusing echocardiographic appearances are a common
source of referral for tomographic imaging and rarely have clinical consequen-
ces. Examples include prominent Eustachian valve or Chiari network within the
right atrium, prominent coumadin ridge within the left atrium, prominent
pericardiac thymus tissue, or hiatal hernia.

Lipomatous hypertrophy
Lipomatous hypertrophy of the inter-atrial septum is a relatively common
neoplastic process, occurring in about 2% of patients, and involves growth of
adipocytes interspersed with hypertrophied myocytes within the interatrial
septum (larger than 2 cm by definition). Lipomatous hypertrophy typically
spares the fossa ovalis, a defining feature that gives the lesion its classic hour-
glass shape. Because of its prevalence and distinct structural features, lipoma-
tous hypertrophy is a diagnosis that can typically be made by echocardiog-
raphy, CT, or CMRwithout the need for tissue biopsy. However, in rare cases,
the degree of lipomatous hypertrophy can be profound. In these circum-
stances, the use of CMR to confirm the fatty content using T1-weighted
imaging can be helpful, and serial imaging can be utilized to ensure stability
of the lesion [30].

Benign tumors
Myxoma

Myxomas are themost common primary cardiac tumor in adults accounting for
50% of all cases [31, 32]. They typically occur in the middle age, with 90% of
patients diagnosed between the ages of 30 and 60 [33]. They affect women
more commonly than men [34]. Myxomas are rare in children, accounting for
only 10% of benign cardiac tumors in this age group [35].

Myxomas usually arise in the region of the atrial fossa ovalis, with 75%
arising in the left atrium and 10–15% arising in the right atrium. They rarely
occur in the ventricles (3–4% in each ventricle) or on the heart valves [36].More
than 90% of myxomas are sporadic and solitary [35]. Less than 10% occur in
familial clusters as part of the Carney complex. The Carney complex is an
autosomal dominant condition characterized by a combination of cardiac
and cutaneous myxomas, endocrine hyperfunction, and distinctive pigmented
lesions of the skin andmucosal surfaces (specifically lentiginosis and blue nevi)
[37]. The myxomas of Carney complex are typically multicentric, atypically
located, occur at younger ages (peak incidence in the third decade), and tend
to recur after resection.
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Myxomas are neoplasms of multipotent mesenchymal cells in the subendo-
cardial tissue. Myxomas can be round, oval, or polypoid. They are often gelat-
inous with a smooth or gently lobulated surface. They can be pedunculated or
sessile. Myxomas range from sub-cm to 15 cm in diameter [36].

Clinical implications
As with other cardiac masses, the presentation of myxoma is determined by
location, size, and mobility. Most patients present either incidentally when the
tumor is picked up on imaging performed for another indication or as the result
of embolism, intracardiac obstruction, or constitutional symptoms.

Diagnosis
Myxomas are most commonly diagnosed by their typical appearance on echo-
cardiography (Fig. 1). CT and MRI have a role in atypical cases where the
diagnosis is unclear.

Treatment
Once a myxoma is diagnosed, the treatment of choice is surgical excision. The
overall risk of recurrence for sporadic myxoma is less than 3% whereas the risk
is significantly higher at about 12 and 22% for familial and complex myxomas,
respectively [38, 39]. Interval echocardiographic follow-up examinations are
indicated in all patients who have had prior myxoma resection.

Fig. 1. Typical appearance of a myxoma on echocardiogram. LA,
left atrium; LV, left ventricle; RA, right atrium; RV, right ven-
tricle; M, myxoma.
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Fibroelastoma
Fibroelastoma (papillary fibroelastoma) is a benign tumor of the endocardium
(most commonly the valvular surface). It accounts for three fourths of all
tumors of the cardiac valves [40]. It can occur at any age but the mean age for
detection is 60 years old. On histopathology, the tumor is gelatinous, having a
characteristic frond-like appearance, with multiple long and narrow papillary
branches. Fibroelastomas may be asymptomatic or can result in systemic or
peripheral embolization, cardiac obstruction, or interference with valve
function.

Treatment
The decision to proceedwith surgical resection of a fibroelastoma is based upon
the size, location, mobility, and association of the tumor with symptoms [41].
Surgical excision is favored for symptomatic fibroelastomas, or if they are large
(91 cm), left-sided, and/or mobile in appearance. Fibroelastomas that do not
meet the criteria for surgery should be followed longitudinally on imaging
studies, and patients should be considered for antiplatelet/anticoagulation
therapy to lower thrombosis and embolic risk.

Lipoma
Lipomas differ from lipomatous hypertrophy of the interatrial septum in that
they are typically encapsulated [42]. Lipomas are usually asymptomatic and
thus most commonly discovered incidentally. Symptoms depend upon the site
of origin. Lipomas are most commonly found in the right atrium or left
ventricle. They can originate from the subendocardium (50%), subepicardium
(25%), and myocardium (25%). Lipomas of the subendocardium typically
cause obstructive symptoms while those originating in the myocardium can
be arrhythmogenic. Embolization is atypical because the tumors are
encapsulated.

Rhabdomyoma
Rhabdomyoma is the most common primary cardiac tumor in children ac-
counting for 50–60% of cases. Rhabdomyoma is a tumor of cardiac myocytes
and is considered by some to be a hamartoma occurring exclusively in the heart.
Rhabdomyomas can be sporadic or associatedwith tuberous sclerosis (30–50%
of cases) or in association with congenital heart malformations [43]. Rhabdo-
myomas can be solitary but more commonly multiple and are typically located
in the interventricular septum or the ventricular free wall. Symptoms are com-
monly related to obstruction or cardiac arrhythmias [44]. Because up to 50% of
cases of rhabdomyomas regress spontaneously, surgery is reserved for patients
with significant symptoms [45].

Malignant tumors
Sarcoma

Sarcomas represent the majority of primary malignant cardiac tumors and
are pathologically categorized as undifferentiated high-grade pleomorphic
sarcoma, angiosarcoma, rhabdomyosarcoma, leiomyosarcoma, and
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fibrosarcoma. As a group, sarcomas may originate in either the left or right
heart chambers and the pulmonary arteries. Typically, sarcomas are
diagnosed in young adults (mean age of 46 years) and near equally
divided between genders [46]. The overall prognosis of cardiac sarcoma
is poor with a median overall survival of 6 to 12 months and metastatic
rate at the time of diagnosis from 26 to 48.2% [47, 48]. Known risk
factors include a history of chest irradiation. CMR provides the best
characterization of cardiac sarcomas, and in some circumstances, some
imaging findings can be supportive of specific diagnoses. For example, a
sunray pattern can be seen in angiosarcoma with gadolinium-enhanced
CMR where the mass will be mostly non-enhancing but with enhancing
lines traveling from epicardium to pericardium.

Clinical presentation of cardiac sarcoma may vary pending the anatomical
location. Left heart sarcoma is more common in the left atrium as compared
with the left ventricle (92% versus 8%, respectively) and can present with heart
failure due to obstruction [47]. Right heart sarcomas tend to have more tumor
burden, though less intracardiac obstruction; therefore, clinical symptoms are
more non-specific and unfortunately are more likely metastatic at the time of
diagnosis. Sarcomas that originate in the pulmonary arteries are the rarest group
and commonly present with shortness of breath. Typically, advanced cardiac
imaging techniques are required to differentiate them from pulmonary
embolism.

Treatment
A multidisciplinary team approach is needed to effectively diagnose, prog-
nosticate, and treat primary cardiac sarcomas. Improved outcomes have
consistently been seen following complete surgical resection with tumor-
free margins [49, 50•]. This requires both surgical experience and adequate
tumor exposure in situ. Cardiac auto-transplantation with ex vivo tumor
resection and reconstruction has also been done for complete tumor
resection [51]. In addition, the use of multimodal treatment (neoadjuvant
chemotherapy and surgical resection) has been shown to improve survival
as compared with either surgery or chemotherapy alone, 36.5 months
compared with 14.1 months [50•, 52••].

Conclusions

Cardiac tumors are a heterogenous group of disorders and include primary
benign and malignant tumors, metastatic disease, and numerous masquer-
ades such as thrombus or infective endocarditis. Echocardiography is typi-
cally the first imaging test performed, but cardiac MRI provides a superior
tissue characterization and is helpful in making a presumptive diagnosis.
Because treatment varies widely depending on the clinical presentation and
pathology, a multidisciplinary approach is essential to manage these
patients.
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