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Abstract

Intracardiac masses are classified as neoplastic or non-neoplastic. Prognosis varies based
on the diagnosis of the mass since treatment options differ greatly. As novel imaging
techniques emerge, a multimodality approach to the evaluation of intracardiac masses
becomes an important part of non-invasive evaluation prior to potential surgical planning
or oncological treatment. The purpose of this article is to compare the available imaging
modalities—echocardiography, cardiovascular magnetic resonance, cardiac computed
tomography, nuclear imaging, and emerging novel hybrid imaging techniques for future
clinical applications—and to review the characteristic features seen on those modalities
for the most common intracardiac masses.

Introduction

Cardiac masses are commonly classified as neoplastic ~Cardiac thrombi are more common, with a prevalence
(primary and secondary) or non-neoplastic (e.g., throm- up to 25% and 50% in patients with atrial fibrillation
bus or vegetation). Cardiac tumors are rare, with an and left ventricular systolic dysfunction, respectively [2],
estimated autopsy prevalence of <0.1% for primary as well as misinterpreted normal anatomical variants
tumor and about 1.2% for secondary tumors [1]. [3]. Differentiating between these masses is paramount
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as treatment options differ greatly. A classification of tumors of the heart [4]. This review discusses the
scheme of intracardiac masses is shown in Table 1, based complementary nature of multimodality imaging as-
on the 2015 World Health Organization’s classification sessment and surveillance of intracardiac masses.

Imaging modalities

Echocardiography

Transthoracic echocardiography (TTE) is considered the first-line imaging mo-
dality for the assessment of cardiac masses due to its portability, lack of radiation,
and wide availability. It remains the most often used modality to characterize
masses and their hemodynamic consequences, as many masses are found inci-
dentally with echocardiography [5]. With its high temporal and spatial resolu-
tion, echocardiography remains the best modality for evaluating valvular lesions
or small highly mobile masses, particularly in the setting of arrthythmias or
frequent ectopy. TTE has sensitivity 55-93% of detecting intracardiac masses [6].

Transesophageal echocardiography (TEE) is used to complement TTE with
improved detection of cardiac masses compared to TTE alone, particularly in the
evaluation of posterior structures and small lesions [6]. It increases detection of left
atrial thrombi, right atrial, and extracardiac lesions [7].

Newer techniques in echocardiography have slowly gained utility in the evalu-
ation of intracardiac masses. The use of microbubble contrast agents can confirm
the presence of a cardiac mass and provide information on perfusion, a marker of
vascularity [8ee,9]. 3D images are increasingly used for better volumetric assess-
ment of masses [10,11] and strain imaging for distinguishing between masses
based on tissue deformation properties [12,13].

The major advantage of echocardiography is that it allows for follow-up
imaging over time without extra exposure to radiation. Despite its wide availabil-
ity, echocardiography has known limitations including operator dependence,
potential poor acoustic windows, and artifacts that can sometimes be
misinterpreted as masses [13e,14].

Cardiovascular magnetic resonance

Cardiovascular magnetic resonance (CMR) offers multiplanar assessment of
cardiac masses, with high spatial resolution and unrestricted field of view without
exposure to radiation [14,15]. It is used for more definitive characterization of a
mass following the initial detection by other imaging modalities. CMR provides
information on mass size, shape, location, attachment, and secondary anatomic
and hemodynamic effects on ventricular and valvular function.

The main strength of CMR is its ability to provide unique information on
tissue composition of the mass based on proton density and intrinsic relaxation
parameters such as T1, T2, and T2 star values using T1- and T2-weighted and/or
parametric mapping sequences | 16]. Evaluation of contrast uptake kinetics with
first-pass perfusion and late gadolinium enhancement (LGE) sequences can be
applied for further insight into tissue characteristics. LGE imaging using
prolonged inversion time can further distinguish tumors from thrombi, with
any enhancement within the mass as more suggestive of a tumor. CMR has been
proven to improve detection of cardiac masses which may not be visualized on
routine TTE [17] and provides a high accuracy for discriminating between
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Table 1. World Health Organization 2015 classification of tumors of the heart and common non-neoplastic cardiac masses

Benign tumors and tumor-like conditions
Rhabdomyoma
Histiocytoid cardiomyopathy
Hamartoma of mature cardiac myocytes
Adult cellular rhabdomyoma
Cardiac myxoma
Papillary fibroelastoma
Hemangioma (capillary, cavernous, arteriovenous malformation, intramuscular)
Cardiac fibroma
Lipoma
Cystic tumor of the atrioventricular node
Granular cell tumor
Schwannoma
Tumors of uncertain biologic behavior
Inflammatory myofibroblastic tumor
Paraganglioma
Germ cell tumors
Teratoma (mature, immature)
Yolk sac tumor
Malignant tumors
Angiosarcoma
Undifferentiated pleomorphic sarcoma
Osteosarcoma
Myxofibrosarcoma
Leiomyosarcoma
Rhabdomyosarcoma
Synovial sarcoma
Miscellaneous sarcomas
Cardiac lymphomas
Metastatic tumors
Non-neoplastic
Thrombus
Vegetation
Coumadin ridge
Crista terminalis
Caseous mitral annulus calcification

benign and malignant lesions with high interobserver agreement [18]. CMR
may also provide additional information on the resectability of masses and
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associated complications such as invasion into adjacent mediastinal structures,
regional or distant metastases, and encasement of vital structures. In addition to
cine steady-state free precession (SSFP) imaging, radiofrequency tissue tagging
sequences can be help delineate intramyocardial tumors, particularly for de-
termining whether there is myocardial infiltration, pericardial involvement, or a
dissection plane that renders the tumor potentially operable. CMR imaging
protocols incorporate multiple different pulse sequences described above,
commonly in multiple imaging planes.

The primary limitation of CMR is the lack of availability and expertise in
most centers to perform and interpret these studies. Additionally, patients may
not tolerate the examination due to claustrophobia or difficulty remaining still
with repetitive breath holding during imaging acquisition. They could also have
contraindications related to metallic implants (e.g., non-conditional pace-
makers), pregnancy, and/or relative contraindications to the use of gadolinium
contrast (e.g., renal failure).

Cardiac computed tomography

Cardiac computed tomography (CCT) is considered an appropriate test for the
initial and follow-up evaluation of cardiac masses [19#¢]| and often comple-
ments the information provided by echocardiography or CMR. In particular,
CCT is frequently considered when other modalities are not feasible or if images
are equivocal with those modalities [20]. Cardiac masses may also be inciden-
tally identified on chest computed tomography (CT) studies performed for
other reasons. As with CMR, CCT can provide information on mass size, shape,
location, attachment, invasion into the myocardium and, depending on the
imaging protocol, secondary anatomic effects on ventricular and valvular
function. CCT provides some limited tissue characterization and is particularly
sensitive for detection of calcium and fat. Delayed imaging can further charac-
terize masses, particularly if thrombus is suspected in a region with slow flow.
Compared to other techniques, CCT has the advantage to detect calcifications
within a mass and delineate the coronary artery anatomy, which helps distin-
guish mass-like vascular lesions such as coronary artery or bypass graft aneu-
rysms from true cardiac masses.

Dual-energy CT (DECT) is a relatively new CT imaging technique which can
provide additional information in evaluating cardiac masses. By acquiring two
simultaneous datasets with different photon energy spectra, tissue characteris-
tics can be extracted from the images. DECT is sensitive to the presence of iodine
within a tissue due to the unique interactions of iodine with X-rays of differing
energies. lodine concentrations can be quantitatively calculated within a region
of interest. This technique has been applied to distinguish cardiac tumors from
thrombus more reliably on CT. Cardiac tumors may have similar Hounsfield
units to thrombus on CT; the subtle differences in iodine concentration can be
detected with DECT [21,22]. CMR still performs better than DECT in
distinguishing tumors from thrombi, but for a patient unable to undergo CMR,
DECT can be a useful alternative. Beyond this, there is the potential for quan-
titative iodine values of an unknown cardiac mass to aim diagnosis once more
data become available regarding DECT of different known cardiac tumors.

The main limitations of CCT are radiation exposure, which has
significantly decreased recently with dose reduction protocols, risk of
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contrast-induced nephropathy, and lower soft tissue and temporal reso-
lutions as compared with CMR.

Nuclear imaging

Due to its disadvantages with high radiation and limited spatial resolution,
nuclear imaging for cardiac masses is not generally used except in certain
scenarios. In evaluation of cardiac carcinoid tumors, octreotide single-photon
emission computed tomography (SPECT) is often useful, while positron emis-
sion tomography (PET) with '®F-fluorodexyglucose ('*F-FDG) is useful for
staging, restaging, or evaluating response to therapy of systemic malignancies
that may involve the heart [14]. A 24-h dietary restriction with a high-fat and
low-carbohydrate diet is often required prior to PET imaging in order to shift
myocardial metabolism to achieve adequate evaluation of an intracardiac
lesion [23]. Based on the mean of the maximal standardized uptake value
(SUVhax), benign cardiac tumors can be differentiated from malignant primary
or secondary cardiac tumors, which tend to have higher SUV,,,,, [24,25]. When
interpreting studies using '*F-FDG PET, one needs to be cautious with false
positive findings such as lipomatous hypertrophy that frequently shows mild
'SE.FDG update from brown fat activation [26] and avid inflammatory or
infectious lesions that could mimic malignant tumors. '*F-FDG PET allows for
determination of malignant potential of doubtful masses, assessment of disease
stage including myocardial involvement and pericardial spread, and evaluation
of postoperative residual disease and response to chemotherapy [23].

Hybrid imaging

Hybrid imaging refers to software or hardware image fusion techniques that
allow intrinsic combination of image information from at least two different
modalities. Hybrid imaging, particularly when combined with PET imaging,
plays a central role in the diagnosis and management of malignancies, includ-
ing cardiac tumors [27]. Initial work on hybrid imaging focused on software
techniques with fusion of different imaging datasets, allowing for display of
anatomic and functional information together. With the rapid development of
innovative techniques, novel hybrid, multimodality imaging systems have also
emerged, including the use of PET/CT and PET/MRI systems, which have been
used to improve evaluation of cardiac masses.

Whole-body '*F-FDG PET/CT takes advantage of the combined metabolic-
morphologic properties of PET and CT, respectively [24]. It is recommended for
evaluating potential underlying malignancy in patients with suspected meta-
static malignant tumors to the heart on echocardiography or CMR, providing
disease staging, and evaluating postoperative residual disease and response to
chemotherapy [23]. Integrated '*F-FDG PET/MRI is another novel imaging
technique in development that utilizes the advantage of PET and MRI in a single
study [25,28]. This combination allows morphological tissue characterization
with MRI and information about tumor metabolism with PET for cardiac tumor
evaluation [28]. Hybrid ultrasound-MRI systems are in development and have
been shown to improve cardiac imaging through real-time tracking of organ
position via the integrated ultrasound system [29]. The true benefits of these
hybrid technologies are still under investigation, particularly given the potential
associated costs and limited availability of these technologists, but may include
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information such as planning of surgical procedures in complex cases and/or
differentiation of scar tissue versus relapse in follow-up imaging after surgery,
radiation, or chemotherapy treatment [30].

Diagnostic evaluation of cardiac masses

Depending on clinical scenario, the use of multiple imaging modalities may be
important for optimal management of a patient’s condition. Patients often
undergo TTE for initial evaluation of suspected cardiac disease. As such, TTE is
usually the first imaging modality in the evaluation of cardiac masses including
incidentally noted lesions. Patients with small, highly mobile lesions, valvular
masses or posteriorly located lesions, are often referred for TEE to better delin-
eate and characterize these lesions, particularly when vegetation is suspected.
With other masses, it may be appropriate to refer the patient for further imaging
to confirm and/or provide additional information on diagnosis, extent of
involvement, and treatment planning. The next imaging test depends on the
initial imaging finding, availability of imaging modalities, institution expertise,
and clinical situation. If diagnosis is clear from TTE and clinical situation, then
no further imaging is needed. However, when diagnosis is unclear, CMR is the
next best step as CMR provides the most comprehensive tissue characterization
compared to other modalities, particularly distinguishing between benign and
malignant lesions. CCT may be useful in patients who cannot undergo CMR or
who have non-diagnostic CMR. Similarly, for patients with incidentally noted
cardiac masses on chest CT, X-ray, or nuclear cardiac imaging, CMR or TTE may
better define the lesion including functional, anatomic, and hemodynamic
consequences on ventricular or valvular function. For specific tumors under
consideration such as carcinoid tumors, octreotide SPECT may be important for
non-invasive diagnosis and management. Finally, for lesions with unclear
diagnosis using the above modalities, FDG PET may provide additional infor-
mation on the metabolic activity within lesions to help in the differentiation.

Figure 1 shows the proposed general approach to choosing an imaging
modality in evaluating intracardiac masses. Table 2 shows the characteristic
features of common intracardiac masses seen on echocardiography, CMR, and
CCT [14,31,32].

Intracardiac thrombus

Intracardiac thrombi are one of the most common cardiac masses, often seen in
the left atrial appendage (LAA) associated with atrial fibrillation or mitral
valvular disease, or in areas of akinesis or ventricular aneurysms, and as a
thrombus-in-transit from venous thromboembolism in the right ventricle [33].
On TTE, acute thrombi appear rounded with smooth contours, while chronic
thrombi can appear as linear or crescentic lesions along the endocardial surface.
On CMR, acute/subacute thrombi demonstrate increased T1 and T2 depending
on age, whereas chronic thrombi have low T1 and T2 signal. With first-pass
perfusion and LGE, most thrombi remain hypointense for both sequences [2].
On CCT, thrombi appear as low attenuation, non-enhancing lesions on post-
contrast images. The use of delayed CT imaging improves the specificity for
detection of thrombus. This is particular useful in detection of LAA thrombi
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Incidental Finding on TTE
or Evaluation for
Suspected Mass with TTE

Incidental Finding on
Chest or Cardiac CT

Artifact or Normal

Thrombus or Vegetation Structure

TEE or CMR if Unclear
Diagnosis

CCT if CMR

Contraindicated +/- CMR for Confirmation

CCT if MRI Inconclusive;

+/- PET/CT if Suspicious
for Metastasis

Fig. 1. Proposed general algorithm in multimodality evaluating intracardiac masses. TTE transthoracic echocardiography, CT
computed tomography, CMR cardiovascular magnetic resonance, CCT cardiac computed tomography, PET positron emission
tomography, TEE transesophageal echocardiography.

where stasis of blood can simulate a thrombus on early arterial images [34]. PET
imaging of thrombus demonstrates no uptake of '*F-FDG.

Normal intracardiac and tumor-like structures

Normal intracardiac structures such as the Coumadin ridge, Eustachian valve,
Chiari network, and crista terminalis can sometimes be mistaken for tumors or
thrombi on TTE [3,14]. Those structures generally can be easily distinguished with
CMR or CCT. Interatrial septal aneurysm can often be misinterpreted as a cystic
intracardiac mass, and lipomatous hypertrophy can be misinterpreted as a myxo-
ma or fibroma on TTE [13e]. Caseous calcification of mitral annulus can some-
times be mistaken for a tumor on echocardiogram, but can be better evaluated on
CT for its characteristic calcified wall to suggest the correct diagnosis [35].

Benign primary tumors

Cardiac myxoma

Cardiac myxomas are the most common primary benign cardiac tumors,
about 50-80% of cases [36]. The majority are found in the left atrium,
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Table 2. Characteristic finding of common cardiac masses on different imaging modalities

Intracardiac masses Echocardiography CMR ccr Characteristics; common
locations
Cardiac myxoma Hyperechogenic T1: hypo/isointense; Hypodense; calcifications; Lobular; intracavitary,
T2: hyperintense; high iodine concentration LA (75%), RA (20%),
fat saturation: no change; on DECT ventricles (5%)
LGE: high, heterogeneous
Papillary fibroelastoma Heterogeneous T1/T2: hyperintense, homogeneous; Hypodense Frond, pedicle; valvular
LGE: high, homogeneous delayed
Rhabdomyoma Hyperechogenic; opposite T1: isointense; Hypodense Smooth, broad base;
deformation from T2: iso/hyperintense; intramural
myocardium LGE: no/minimal
Fibroma Hyperechogenic; no T1: isointense; Hypodense; punctate Smooth, broad base;
deformation on T2: hypointense; calcification intramural
strain LGE: hyperenhance enhancement
Lipoma Homogeneous, T1/T2: hyperintense; Hypodense; Smooth, broad base;
hyperechogenic fat saturation: hypointense; fat attenuation interatrial septum,
LGE: no/minimal intramural,
intracavitary
Hemangioma Enhancement with T1: isointense, heterogeneous; Hypodense; punctate Intracavitary
contrast T2: hyperintense; calcifications intense
first-pass: strong enhancement
LGE: absent
Sarcomas Isoechogenic to T1: iso (rhabdo-,undif.)/ Isodense Lobular; broad base; LA
hyperechogenic heterogeneous (angio-); (undifferentiated,
T2: heterogeneous (angio-)/ osteo-, fibro-,
hyperintense (rhabdo-, leiomyosarcoma),
undif.); RA (angiosarcoma),
LGE: heterogeneous (angio-), LV (rhabdomyosarcoma)
homogeneous (rhabdo-)
Lymphoma Homogeneous echogenicity, T1: isointense, homogeneous; Hypo/isodense Lobular; RA, RV,
thickened wall T2: isointense; mediastinum
LGE: minimal
Metastatic tumor Iso/hyperechogenic T1: hypo/isointense; Isodense; +/- calcifications Multiple locations
T2: iso/hyperintense;
LGE: heterogeneous, strong
Thrombus Hyperechogenic T1: homogenous, high Low attenuation, non- LAA, apical thrombus with

(low if chronic);
T2: iso/high (low if chronic);
fat saturation: isointense;
first-pass perfusion and LGE:
hypointense

enhancing; crescentic
shape (chronic)

severe LV systolic
dysfunction

CMR cardiovascular magnetic resonance, CCT cardiac computed tomography, LGE late gadolinium enhancement, DECT dual-energy computed tomography, LA left atrium, RA right

atrium, LV left ventricle, RV right ventricle, LAA left atrial appendage

originating from the interatrial septum [37]. Prior to cardiac ultrasound,
coronary angiography was the only method to detect the presence of the
tumor with its neovascularization [38]. TTE can define the location, size,
attachment, mobility of the mass, hemodynamic effects [36], and vascu-
larity by color Doppler [39]. When TTE is suboptimal, TEE may be
considered to improve acoustic field of view, and is superior to TTE in
identification of attachment point, especially for right atrial myxomas
[40]. Echo contrast perfusion and 3D imaging can also be helpful for
further characterization of cardiac myxoma. After surgical resection, re-
currence surveillance with follow-up echocardiogram is recommended for
familial cases [37].
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On CMR, myxomas often have a characteristic pattern, the “blackberry” ap-
pearance, with areas of isointensity on T1, hyper-intensity on T2 due to high
extracellular water content, and foci of hypointensity on both T1 and T2 images
representing regions of acute hemorrhage. On SSFP, myxomas appear hyperintense
relative to myocardium but hypointense relative to blood [13,36,41]. Another
pattern seen less frequently is one with low signal intensity on T1, T2, and cine
imaging, mimicking a thrombus [36]. A third pattern is a homogenous hyper-
intensity at T2 imaging with a “pseudocystic” appearance [36]. As myxomas may
contain cysts, regions of necrosis, fibrosis, hemorrhage, and calcification, post-
contrast images typically demonstrate heterogeneous enhancement. Additionally,
many myxomas have surface thrombus which demonstrate low signal intensity on
LGE images [42].

In most cases, CCT attenuation of myxomas on both pre-contrast and post-
contrast images has only limited ability to differentiate myxomas from thrombi,
and therefore, CT is not frequently used as the modality for further characterization
of suspected myxomas [36]. However, DECT can more easily distinguish myxoma
from thrombi with the presence of higher measured iodine concentration [22].

'SE_FDG PET evaluation of myxomas remains limited, showing no or low
'SE.FDG uptake [43].

Papillary fibroelastoma

Papillary fibroelastomas, the third most prevalent benign cardiac tumor [44], can
arise from any endocardial surface but most commonly noted on the upstream
side of cardiac valves with aortic valve being most often involved [45]. Their “frond-
like” appearance can be easily visualized as a small pedunculated mass on TTE. TEE
is more sensitive in detecting papillary fibroelastomas, especially when they are
small, reinforcing its role in the evaluation of embolic strokes [8]. On CMR, they
typically appear as a well-defined small homogeneous valvular mass that appears
hypointense on SSFP and homogenous on LGE imaging. On CCT, papillary
fibroelastomas appear hypodense with irregular borders attached by a thin stalk
but may be difficult to visualize due to their small size.

Rhabdomyoma

Rhabdomyomas, the most common benign cardiac tumors in children but rare in
adulthood, are associated with tuberous sclerosis and tend to be multiple [13,46].
They appear more echogenic than the surrounding myocardium within ventricular
walls or on atrioventricular valves [8,46]. Echocardiographic deformation imaging
has been used for rhabdomyomas, which shows the deformation in the opposite
direction of the myocardium, suggesting elasticity in the tumor cells [12].
Rhabdomyomas appear isointense to myocardium on T1-weighted images and
iso- to hyperintense on T2-weighted images with variable enhancement pattern
[32,47]. Tissue tagging sequences can delineate tissue planes between tumor and
myocardium as well as demonstrate deformation of the tumor due to compression
by the myocardium. On CCT, rhabdomyomas demonstrate smooth borders with
attenuation similar to myocardium. The lack of calcifications helps distinguish
rhabdomyoma from fibromas. In the presence of small intramyocardial lesions,
echocardiography and CCT may only demonstrate diffuse myocardial thickening
whereas contrast-enhanced CMR can better define the borders of these tumors [48].
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Cardiac fibromas, the second most common benign cardiac tumors in
infants and children, associated with Gorlin syndrome, often show punc-
tate calcifications within large, intramural masses [13,49], which can be
readily detected by CCT, distinguishing it from other cardiac tumors seen
in this age group such as rhabdomyoma. On TTE, fibromas appear well-
demarcated, non-contractile, highly echogenic, frequently located in the
ventricular free wall, anterior, or septal walls [8]. They do not show any
deformation comparing to myocardium due to its non-compliant com-
position of fibrotic tissues [12]. On CMR, fibromas are isointense relative
to normal myocardium on T1 images and hypointense on T2 images with
homogenous appearance unless there are central calcifications, which may
be seen as patchy areas of hypointensity within the tumor. Fibromas
generally show no contrast enhancement on first-pass perfusion with
intense hyperenhancement noted on LGE images. Tissue tagging sequences
further delineate borders of the tumor which is non-deforming compared
to the surrounding myocardium.

Lipoma

Lipomas are often seen in the pericardial space but can appear as intracardiac
masses, arising from the subendocardium or on the valves [13]. On TTE, they
appear immobile, well circumscribed, homogenous, and broad based without a
pedicle [8]. The key diagnostic finding on CMR is homogeneous high signal
intensity on T1-weighted images that markedly suppress with the application of
fat-saturation pulses. Additionally, lipomas generally do not enhance with
application of contrast material [42]. Fat attenuation on CCT can help differ-
entiating them as cardiac lipomas.

Hemangiomas

Various types of hemangiomas exist, including capillary hemangiomas,
cavernous hemangiomas, arteriovenous malformation, and intramuscular
hemangiomas [4]. They are benign vascular tumors that can be found
anywhere in the heart or in the pericardium [50]. However due to the
presence of various types of hemangiomas, no typical echocardiographic
tissue characteristics can be used to distinguish this tumor as a whole. The
use of contrast echocardiography may allow further characterization of
hemangiomas by demonstrating the vascularity of the lesion which dem-
onstrates high and rapid contrast enhancement compared to the adjacent
myocardium [51]. CCT and CMR provide additional information on the
invasiveness of the tumor and extracardiac extent. On CMR, hemangiomas
are typically heterogeneous with intermediate signal intensity on T1-
weighted images and hyperintense on T2-weighted images. They also
demonstrate rapid and strong contrast enhancement on first-pass perfu-
sion imaging and typically absent on LGE images, although focal areas of
fibrosis may be present [52-54]. On non-contrast CCT, hemangiomas may
demonstrate heterogeneous appearance with possible foci of calcification
which intensely enhances following contrast administration [47,54].
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Malignant cardiac tumors

Cardiac sarcoma

Cardiac sarcomas are the most common primary malignant cardiac tumors
(over 95%) [55]. There are many different subtypes of sarcomas, angiosarcoma,
and undifferentiated sarcoma being the most common in the heart, often found
in the right atrium and in the left atrium, respectively [56].
Angiosarcoma appears lobulated, hyperechogenic, heterogeneous with
areas of necrosis or hemorrhage on echocardiography. Despite its vas-
cularity, they do not always enhance with echo contrast [57]. Other
sarcomas include leiomyosarcoma and fibrosarcoma, often found in the
left atrium, rhabdomyosarcoma in the left ventricle, and synovial sar-
coma in the right atrium [31]. On CMR, angiosarcomas show hetero-
geneous T1- and T2-signal intensity patterns that reflect tumor tissue,
necrosis and hemorrhage, early arterial phase enhancement due to vas-
cularity and heterogeneous enhancement pattern on LGE imaging due to
peripheral fibrosis and internal hypointensity due to central necrosis.
Rhabdomyosarcomas are isointense on T1-weighted images, hyperintense
on T2-weighted images, and typically demonstrate homogeneous con-
trast enhancement with areas of hypointensity due to central necrosis.
Undifferentiated sarcomas generally show similar CMR features as that
of angiosarcoma [42]. On CCT, angiosarcoma is characterized by broad
based attachment with hematogenous connection with the tumor cavity
which may be seen on early imaging. Delayed contrast imaging allows
for better visualization of the tumor cavity with heterogeneous appear-
ance given scattered areas of non-enhancing necrosis. Invasion to adja-
cent structures may also be identified. Rhabdomyosarcomas appear as
large, infiltrative low attenuation masses that may surround a central
area of necrosis. CCT is useful for evaluating extracardiac extension of
the tumor as well as distant metastases.

Primary cardiac lymphoma

Cardiac lymphomas are the second most common primary malignant
cardiac tumors after sarcomas [55]. On echocardiography, cardiac lym-
phomas appear lobular or nodular mass with homogeneous
echogenicity, or “thickened wall” appearance with restrictive physiology.
They are more commonly found in the right chambers, especially the
right atrium. On CMR, lymphomas appear homogenous due to lack of
central regions of necrosis and hemorrhage. They are isointense to
myocardium on T1- and T2- weighted images with slow contrast uptake
on LGE images which helps distinguish them from other malignant
tumors [32,58]. CMR can further depict the extent of myocardial and
pericardial infiltration. On CCT, lymphoma demonstrates iso-
hypoattenuation relative to myocardium, extending and infiltrating into
the myocardium, pericardium, great vessels and coronary arteries with
heterogeneous enhancement after contrast administration [59]. PET/CT
has been increasing used for staging and follow-up of lymphomas,
especially more aggressive types with high glucose metabolism and SUV
numbers [60].
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Metastatic cardiac tumors

Secondary cardiac tumors are generally formed by direct extension, hematogenous
spread, or lymphatic spread [13], and can be found in around 7% of persons with
known malignancies [61]. Due to its hematogenous spread, malignant melanoma
has the highest potential for cardiac metastasis [62]. Other common cancers
metastasize to the heart are lung, breast, esophageal carcinomas, lymphoma, and
leukemia [63e].

Echo remains the first diagnostic test for anyone with suspected cardiac metas-
tasis. CCT also provide detailed evaluation of the adjacent lung and mediastinal
structures. Often metastatic disease is already suspected due to a history of a
primary malignancy and/or other extracardiac metastases. In this case, the primary
role of imaging is to precisely depict the anatomic relationship of the cardiac mass,
rather than evaluate its tissue characteristic. In this regard, the high spatial resolu-
tion of CT and its ability to image nearby extracardiac structures make it well suited
to evaluate and monitor cardiac metastases. CMR remains the best modality for
evaluating cardiac involvement of metastasis by identifying direct extension from
adjacent extracardiac structures with tissue characterization [63¢]. Additionally,
hemorrhagic and exudative pericardial effusions, signs of malignant pericardial
effusion, demonstrate high signal intensity on T1-weighted images in contrast to
low signal intensity demonstrated by benign transudative fluid. Metastases gener-
ally demonstrate low signal intensity on T1-weighted images and high signal
intensity on T2-weighted images except for melanoma metastases which may
appear bright on T1-weighted images due to amount of melanin pigment. Contrast
enhancement is usually heterogeneous [42]. '®F-FDG PET imaging demonstrates
increased tracer uptake within metastatic lesions and can aid in the detection of
additional metastatic lesions as well as the primary neoplasm. Hybrid PET/CT or
PET/MRI in addition can be useful for more comprehensive evaluation [63e].

Carcinoid heart disease

Conclusion

Over half of the patients with carcinoid syndrome have cardiac involvement,
commonly leading to fibrous deposition of the tricuspid and pulmonic valves, as
well as left-sided valves for those with right-to-left shunts. There is rarely tumor
infiltration of the endocardium and myocardium [64]. TTE often demonstrates
thickened tricuspid and pulmonic valve leaflets, leading to regurgitation and/or
stenosis. In rare occasion of tumor metastasis, TTE can identify large tumors.
Abnormal right and global left ventricular strain imaging has been shown in
patients with carcinoid heart disease [65]. CMR has emerged as the predominant
modality to assess cardiac carcinoid, both in the evaluation of valvular disease and
myocardial involvement. CCT can demonstrate valvular calcification, chamber size,
and coronary involvement [64]. Lastly, nuclear imaging with octreotide SPECT or
PET has high sensitivity and specificity for identifying metastatic neuroendocrine
tumor with cardiac and other organ involvement [66].

With the advances in cardiac imaging, a multimodality approach is crucial in
the evaluation of intracardiac masses. Each imaging modality provides different
information regarding the lesion of interest and complements one another with
its advantages and disadvantages. Ultimately the choice of imaging modality
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should be individualized to provide the diagnosis and management of cardiac

masses.
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