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Abstract

Cardiac masses diagnosis and treatment are a true challenge, although they are
infrequently encountered in clinical practice. They encompass a broad set of
lesions that include neoplastic (primary and secondary), non-neoplastic masses
and pseudomasses. The clinical presentation of cardiac tumors is highly variable
and depends on several factors such as size, location, relation with other
structures and mobility. The presumptive diagnosis is made based on a pre-
liminary non-invasive diagnostic work-up due to technical difficulties and risks
associated with biopsy, which is still the diagnostic gold standard. The findings
should always be interpreted in the clinical context to avoid misdiagnosis, partic-
ularly in specific conditions (e.g., infective endocarditis or thrombi). The modern
multi-modality imaging techniques has a key role not only for the initial
assessment and differential diagnosis but also for management and surveillance
of the cardiac masses. Cardiovascular magnetic resonance (CMR) allows an
optimal non-invasive localization of the lesion, providing multiplanar information
on its relation to surrounding structures. Moreover, with the additional feature of
tissue characterization, CMR can be highly effective to distinguish pseudomasses
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from masses, as well as benign from malignant lesions, with further differential
diagnosis of the latter. Although histopathological assessment is important to
make a definitive diagnosis, CMR plays a key role in the diagnosis of suspected
cardiac masses with a great impact on patient management. This literature review
aims to provide a comprehensive overview of cardiac masses, from clinical and
imaging protocol to pathological findings.

Key Words: Cine magnetic resonance imaging; Multiparametric magnetic resonance
imaging; Heart neoplasm; Multimodal imaging; Late-gadolinium enhancement; Early
gadolinium enhancement

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Cardiovascular magnetic resonance (CMR) allows an optimal non-invasive
localization of cardiac masses by providing multiplanar information on its relation to
the surrounding structures. Moreover, CMR can be highly effective to distinguish
pseudomasses from masses as well as benign from malignant masses. Although
histopathological assessment sometimes has an important role to make a definitive
diagnosis, CMR is a key modality in the diagnosis of suspected cardiac masses with a
great impact on patient management.

Citation: Gatti M, D’ Angelo T, Muscogiuri G, Dell'aversana S, Andreis A, Carisio A, Darvizeh
F, Tore D, Pontone G, Faletti R. Cardiovascular magnetic resonance of cardiac tumors and
masses. World J Cardiol 2021; 13(11): 628-649

URL: https://www.wjgnet.com/1949-8462/full/v13/i11/628.htm

DOI: https://dx.doi.org/10.4330/wjc.v13.i111.628

INTRODUCTION

Cardiac masses diagnosis and treatment are a true challenge, although they are
infrequently encountered in clinical practice[1]. They encompass a broad set of lesions
that include both neoplastic (primary and secondary) and non-neoplastic masses (e.g.,
thrombi, vegetations, pericardial cysts, mitral annulus calcification or caseous necrosis)
and pseudomasses (e.g., lipomatous hypertrophy of the atrial septum, coumadin ridge,
Chiari network, Eustachian valve, crista terminalis)[2].

Some of those may be considered as anatomical variants, while some others
represent variable prognosis; hence an accurate and early diagnosis is required to
allow subsequent assessment of treatment strategy.

The most frequent cardiac masses are non-neoplastic or pseudomasses, which are
potentially mimicking cardiac tumors. Cardiac thrombi have a prevalence ranging
from 2%-7% in patients with atrial fibrillation or left ventricular dysfunction, while
infective endocarditis may be found in 0.8%-3% intensive care unit patients[3-5].
Cardiac tumors are rarer (0.15% prevalence in echocardiographic studies) and mostly
benign (90% of surgically-removed masses)[6,7]. Cardiac myxoma is the most frequent
benign tumor in adults, while rhabdomyoma and fibroma are the most common in
children[8]. However, malignant tumors have been reported to be at least 20 times
more common in autopsy studies (1.23%)[9,10]. Sarcomas are the most common
primary malignant tumors[11]. Among secondary tumors, the most frequently
associated extracardiac neoplasms are lung, lymphoma, breast and esophageal cancer
[12].

The clinical presentation of cardiac tumors is highly variable and depends on
several factors such as size, location, relation to other surrounding structures and
mobility[13]. As a consequence, symptoms may range from incidental detection
through routine imaging tests in asymptomatic to exertional dyspnea, cardiogenic
shock or sudden cardiac death[10]. Signs and symptoms may be non-specific, such as
fever and weight loss, or associated with distal embolization of tumor (stroke or
peripheral embolization in case of left-sided mass, pulmonary embolism in case of
right-sided mass) or due to direct mass effects (obstruction, coronary artery
encasement, pericardial effusion with cardiac tamponade, arrhythmia)[14].

629 November 26,2021 | Volume13 | Issuell |


http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1949-8462/full/v13/i11/628.htm
https://dx.doi.org/10.4330/wjc.v13.i11.628

Gatti M et al. CMR in cardiac tumors

Jaishideng®

Due to technical difficulties and risks associated with biopsy, which is still the
diagnostic gold standard, the presumptive diagnosis is based on a preliminary non-
invasive diagnostic work-up[10]. The clinical context should always be considered for
the diagnostic work-up, particularly in specific conditions (e.g., infective endocarditis
or thrombi). The modern multi-modality imaging techniques have a key role not only
for the primary assessment and differential diagnosis but also for management and
surveillance of the cardiac masses[15]. Among different techniques, two dimensional-
echocardiography is the first level diagnostic test, due to its wide availability and low
costs[16]. However, echocardiography may be inconclusive due to limited information
about the composition of cardiac mass or pericardial/ myocardial infiltration, limited
field of view and variable quality of acoustic window[17].

Cardiovascular magnetic resonance (CMR) is an advanced and highly accurate
imaging test capable of providing not only accurate tissue characterization of the mass
but also multiplanar information on its relation to surrounding structures, with a
higher spatial resolution. Perfusion sequences are useful in the assessment of mass
vascularization, while early- (EGE) and late-gadolinium enhancement (LGE) se-
quences are essential to detect the presence of thrombi and to provide further charac-
terization of the mass[18,19]. Indeed CMR may provide reliable information for the
differentiation of malignant from benign tumors[20,21].

This review aims to provide a comprehensive overview of cardiac masses, from
exam protocol to pathological findings.

CMR PROTOCOL

A CMR protocol for the study of a suspected cardiac mass should encompass all
available sequences for tissue characterization in order to distinguish pseudomasses
from cardiac masses (non-neoplastic and neoplastic)[22].

A CMR exam for a suspected cardiac mass can be divided in two parts: The mass
localization and its tissue characterization.

The exam should start with an axial steady-state free precession (SSFP) with a
balanced T1/T2 effect sequences covering the entire thorax. After that cine-SSFP
imaging in long and short axis planes should be performed in order to identify
correctly the mass and an additional stack in at least two orthogonal customized
imaging planes should be performed to confirm the presence, the location and the
extension of the mass (i.e. intracavitary, intracardiac or extracardiac). Moreover cine-
SSFP sequences allow the assessment of the mass mobility and its attachment points
and the hemodynamic impact on cardiac valves[23]. In case of valve involvement,
phase-contrast sequences might be performed for quantitative assessment of the
hemodynamic effect of the mass[24].

The next step is tissue characterization utilizing all available sequences. “Black-
blood” images may also be used to localize a suspected cardiac mass and to provide
some information about its tissue composition. Such sequences are generally acquired
using a double-inversion recovery fast spin-echo sequence with an initial non slice-
selective 180° inversion pulse followed by a slice-selective 180° pulse; a third slice-
selective 180° inversion pulse (triple inversion recovery) can be added to obtain fat
saturation, resulting in low intensity of fat containing lesions[25,26].

In particular morphologic T1-weighted and T2-weighted, followed by fat-
suppressed imaging, should be performed before contrast administration in the same
optimal imaging planes identified as above.

Novel T1 and T2 quantitative mapping can provide quantitative information on the
studied mass. T1 mapping should be performed before and after the injection of
contrast medium to evaluate T1 native, T1 enhanced and extracellular volume[27,28].

A cardiac mass protocol must include contrast-enhanced imaging with first pass
perfusion sequences, EGE images, repetition of T1-weighted sequences and LGE
sequences.

Perfusion imaging and EGE sequences are used to evaluate the lesion vascular-
ization, the presence of hyperemia near the lesion and for differential diagnosis with
thrombus. EGE images are acquired about 3 min after gadolinium injection.

LGE sequences are performed 10-15 min after contrast injection. LGE sequences are
fast (or turbo) gradient echo inversion recovery sequences (IR-fast spin-echo)[22,24,
29]. The inversion recovery pulse is used to null the signal of normal myocardium in
order to maximize the contrast of areas with gadolinium accumulation (edema,
increased extracellular space, necrosis). It is crucial to select a proper inversion time
(TI). These sequences should be acquired in short axis covering all the ventricles and in
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the optimal imaging planes mentioned above both for tissue characterization of the
mass and identification of any underlying cardiac pathology.

In summary, to assess each suspected cardiac mass, the protocol must be tailored in
terms of the optimal acquisition planes and sequences in order to obtain an accurate
tissue characterization.

Table 1 summarizes CMR characteristics of cardiac masses (non-neoplastic and
neoplastic).

PSEUDOMASS

Eustachian valve

The eustachian valve, also known as the valve of the inferior vena cava (IVC), is a thin
flap-like structure located in the right atrium (RA) at the orifice of IVC that helps direct
blood flow through the foramen ovale during embryogenesis. Note that the terms
eustachian ridge and eustachian valve are occasionally used interchangeably.
However, the eustachian ridge technically refers to the fibrous structure contiguous
with the free margin of the eustachian valve[30]. When in doubt, CMR imaging is
particularly useful for characterization of the lesion on the basis of its typical location
at the inferior cavoatrial junction, lack of enhancement and linear shape.

Crista terminalis

Crista terminalis, or terminal crest, is a horseshoe or twisted C-shaped fibromuscular
ridge in the RA. It originates from the atrial septum, extends anteriorly, goes toward
the right of the superior vena cava (SVC) orifice, subsequently descends along the
posterolateral wall of the RA and turns anteriorly, terminating to the right of the IVC
orifice. It is the remnant tissue from the septum spurium, which divides the
embryologic primitive RA and sinus venosus[31]. It is an important anatomical
landmark in electrophysiology owing to its relation to the sinoatrial node and artery,
which should not be injured. Crista terminalis is present in every heart but is not
always visualized at imaging. It varies in size, typically 3-6 mm, and is more
prominent superiorly. Thrombus is a differential diagnosis (Figure 1), especially in
patients with an indwelling right atrial catheter.

Warfarin ridge (coumadin ridge)

The coumadin ridge has been described from echocardiographic studies as a ridge of
atrial tissue separating the left atrial appendage (LAA) from the left upper pulmonary
vein[32]. It can present as a linear structure or even sometimes as a nodular mass that
protrudes into the left atrium (LA). In the past, this structure was often mistaken for
thrombus and resulted in patient being prescribed anticoagulation therapy with
warfarin (coumadin), from which it derives its name. On cine-SSFP sequences, a
prominent coumadin ridge can be identified by its typical location in the roof of the
LA adjacent to the left upper pulmonary vein; a particularly prominent ridge can
appear as a dark “mass” protruding into the bright left atrial cavity (Figure 2).
Thrombus and myxoma are differential diagnosis. As the coumadin ridge is normal
cardiac tissue, it should have the same signal intensity as adjacent myocardial tissue
on both T1 and T2 -weighted imaging and typically does not show late gadolinium
enhancement.

Lipomatous hypertrophy of the interatrial septum

Lipomatous hypertrophy of the interatrial septum (IAS) is a benign condition charac-
terized by mass like deposition of brown fat in the IAS. It results from adipose-cell
hyperplasia and has been linked to advanced age and obesity[33]. Classically, there is
sparing of the fossa ovalis, resulting in a dumbbell shape of the IAS. Unlike cardiac
lipoma, lipomatous hypertrophy of the IAS appears as thickening and is not
encapsulated. Lipoma is a differential diagnosis. Fat-suppressed sequences can be
used at CMR imaging to characterize this pseudo-lesion; unenhanced chest CT can
also help in confirmation of the diagnosis by measuring fat attenuation and
demonstrating the dumbbell shape (Figure 3).
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Table 1 Cardiovascular magnetic resonance characteristic (location, signal intensity and contrast contrast-enhanced relative to that of

adjacent normal myocardium) of benign and malignant cardiac masses

Lesion Location T1-WI T2-WI Cine-SSFP Perfusion EGE LGE
Non-neoplastic
Thrombus Mural or Iso-Hyper Iso-Hyper Iso-hypo No No Hypointense
Acute/subacute intraluminal enhancement enhancement border and
brighter central
zone
Thrombus Chronic ~ Mural or Hypo Hypo Iso-hypo Rare No Rarely
intraluminal enhancement  heterogeneous
Pericardial cyst Right Hypo Hyper Hyper No No No
cardiophrenic enhancement enhancement  enhancement
angle
Mitral annular Annular fibrous  Hypo Hypo Iso-hypo No Peripheral rim  Peripheral rim
calcification ring of the left enhancement of of enhancement
atrio-ventricular enhancement
valve
Liquefaction Annular fibrous ~ Mildly Hyper Mildly Hyper Iso-hypo No Peripheral rim  Peripheral rim
necrosis ring of the left enhancement of of enhancement
atrio-ventricular enhancement +/- core
valve enhancement
Neoplastic - Benign
Myxoma Left atrium, Iso Hyper Hypo Heterogeneous Heterogeneous Heterogeneous
arising from the (heterogeneous) (heterogeneous)
interatrial septum
Papillary Atrial side of the  Iso Iso Hypo Usually not Mild and Homogeneous
fibroelastoma mitral valve and assessable homogeneous  or no
the aortic surface or no enhancement
of the aortic valve enhancement
leaflet
Lipoma Atrial septum and Hyper Hyper (Hypo on Hyper (with No No No
epicardium, but it STIR images) black boundary  enhancement enhancement  enhancement
may occur artifact or India
anywhere in the ink artifact)
heart
Hemangioma Every cardiac Iso Hyper Hyper Heterogeneous, Homogeneous Homogeneous
chamber and also intense and or or
from pericardial prolonged heterogeneous  heterogeneous
space
Fibroma Intramural Iso Hypo Iso-hypo Mild and Mild and No
growth in the homogeneous ~ homogeneous  enhancement or
ventricles minimal uptake
(interventricular
septum or the
ventricular free
wall)
Rhabdomyoma Intramyocardial ~ Iso Mildly Hyper Iso-hypo No No No
or intracavitary, enhancement or enhancement  enhancement or
with minimal uptake or minimal minimal uptake
intraventricular uptake
growth that may
cause outflow
obstruction
Cardiac teratomas Intrapericardial Iso or Hypo Hyper Iso or Slightly No Mild and Heterogeneous
(usually hyper enhancement heterogeneous
compressing
superior vena
cava and/or right
atrium)
Paraganglioma On the roof of left Iso-Hypo with ~ Hyper with “salt Hyper Strong Heterogeneous Heterogeneous
atrium “salt and and pepper” enhancement Peripheral Peripheral
pepper” appearance
appearance
Neoplastic -
malignant: Primary
WJC | https://www.wjgnet.com 632 November 26,2021 | Volume13 | Issuell

JBaishideng®



Gatti M et al. CMR in cardiac tumors

cardiac tumor

Angiosarcoma Right atrium close Iso-Hyper Hyper Iso Strong Marked and Marked and
to atrio- (heterogeneous) (heterogeneous) (heterogeneous) enhancement Heterogeneous Heterogeneous
ventricular sulcus

Leiomyosarcoma Typically involve Iso Iso-Hyper Iso Heterogeneous, Marked and Marked and
the left atrium intense Heterogeneous Heterogeneous
Rhabdomyosarcoma Multiple masses  Iso Iso-Hyper Iso Heterogeneous, Marked and Marked and
and there is not (hyper on STIR intense Heterogeneous Heterogeneous
any predilection images)
in terms of
cardiac structures
involved
Lymphoma Right chambers, ~ Hypo-Iso Mildly Hyper Iso Mild Heterogeneous No or
often right (more evident progressive
ventricle and are on STIR images) mild
associated with heterogeneous
pericardial enhancement
effusion
Mesothelioma Pericardium Iso Hyper Iso Progressive Intense Intense
(heterogeneous) enhancement enhancement  enhancement
Malignant - Mainly involve Low (except for ~Hyper Iso Heterogeneous Heterogeneous Heterogeneous
Malignant: metastatic ~myocardiumand Melanoma
disease pericardium which is Hyper)

T1-WI: T1-weighted images; T2-WI: T2-weighted images; STIR: Short tau inversion recovery; Cine-SSFP: Cine-steady state free precession; EGE: Early

gadolinium enhancement; LGE: Late gadolinium enhancement; Hypo: Hypointense; Iso: Isointense; Hyper: Hyperintense.

Figure 1 Cardiac mass in a 68-year-old male. Transthoracic echocardiography shows (A) an apparently free mass in the right atrium mimicking a thrombus or
a tumor (orange arrow). Cardiovascular magnetic resonance (B, C: 4-chamber cine steady state free precession diastolic and systolic frame respectively) reveals a
pseudomass: A hypertrophied crista terminalis (orange arrow) with appearance of right atrial mass on transthoracic echocardiography.

MASS - NON-NEOPLASTIC

Thrombus

Intracardiac thrombi represent the most common cardiac masses, with a prevalence
ranging between 2%-25% in normal population and between 3%-50% in patients with
atrial fibrillation or left ventricular systolic dysfunction[3,34].

In case of atrial dilation or fibrillation, thrombi are usually located in the posterior
wall of the LA or in the LAA. In the left ventricle, the location of thrombi usually
relates to presence of regional or global wall motion abnormalities, as seen after
myocardial infarction or in cardiomyopathies[35]. When thrombi are found in patients
with normal systolic function and contractility, the presence of coagulation disorders
should be considered[36]. Occasionally, thrombi can be located in the RA or in vena
cava, especially in patients with enlarged right chambers and with central venous
lines, and can mimic other masses[37-39].

Identification of a cardiac thrombus is pivotal to start anticoagulation treatment and
to prevent systemic or pulmonary embolic events[40]. In most cases, the diagnosis is
accidental, and patients are asymptomatic. Generally, thrombi are attached to cardiac
walls by a broad base and are immobile. If they are pedunculated and mobile, distin-
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Figure 2 Cardiac mass in a 63-year-old male with atrial fibrillation. Transthoracic echocardiography shows (A) a nodular mass that protrudes into the left
atrium at the inlet of the left appendage. The patient underwent 2 mo of oral anticoagulant therapy, and the “mass” did not change. It was therefore requested a
cardiovascular magnetic resonance (CMR) (B: axial cine- steady state free precession (SSFP) with the correspondent perpendicular plane oriented according to the
green and orange lines and reported in D, E and F), moreover it was performed a three dimensional-steady state free precession SSFP acquisition with an oriented
reconstruction (C). Overall the CMR shows the presence of pseudomass (orange arrow), a prominent coumadin ridge in the roof of the left atrium adjacent to the left
upper pulmonary vein.

Figure 3 Sixty-five-year-old male patient with a dumbbell-shaped mass along the interatrial septum with negative Hounsfield Unit values
on computed tomography scan (A), cardiovascular magnetic resonance cine-steady state free precession images (B and C, diastolic and
systolic frame respectively) reveals the chemical shift artifact, also known as “India ink” artifact, typical of structures with adipose
content. These findings are in keeping with lipomatous hypertrophy of the interatrial septum (orange arrow).

guishing them from other tumors may be challenging.

CMR has excellent contrast resolution and allows for superior soft tissue character-
ization. It provides a combined evaluation of morphology, composition and LGE of
cardiac masses, with unique advantage of being non-invasive assessment[41,42].

On CMR, thrombi may have different signals, depending on their age and sequence
used. Fresh thrombi have a higher signal than myocardium on T1-weighted sequences,
and contrast is further accentuated on T2-weighted images, due to high amount of
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hemoglobin[35]. After 1-2 wk, they tend to have increased signal on T1-weighted
images and decreased on T2-weighted images, due to paramagnetic effect caused by
deoxyhemoglobin and methemoglobin in the organizing thrombus[38]. Chronic
organized thrombi have low signal either on T1- and T2-sequences, due to loss of
water and protons, and they can appear heterogeneous in presence of calcifications
(Figure 4).

Differentiation between thrombus and slow-flowing blood on spin-echo sequences
may be difficult, due to poor contrast. On the other hand, gradient-echo sequences (or
bright-blood imaging) allow for an improved contrast of thrombi from the
surrounding blood pool, and clots usually have lower signal compared to normal
myocardium[38].

The differentiation between thrombus and myocardium on bright-blood imaging
can be difficult when thrombi have similar signal intensity of adjacent myocardium.
However, the advantage of bright-blood imaging is represented by cine-CMR, which
provides a dynamic evaluation of cardiac motion and blood flow. Balanced SSFP
sequences are the most used for cine-CMR in clinical routine for precise detection of
mural thrombi[43]. Other sequences that have been successfully used to detect thrombi
are phase-contrast sequences with myocardial tagging. Mapping sequences do not
provide any T1 or T2 values useful for diagnosis. However, a characteristic pattern of
hyperintensity-isointensity-hypointensity has been described for thrombi when TI
scout is performed at increasing inversion times, and it may allow to differentiate clots
from other cardiac tumors[42].

The method that has shown the best performance for thrombus imaging on CMR is
represented by LGE imaging[4]. This technique allows for a straightforward diagnosis,
even in case of small thrombi, and independently of their location. Moreover, the
presence of thrombus enhancement may also help to differentiate between subacute
and chronic clots. In fact, subacute thrombi present homogeneously low-signal,
without late enhancement, and can manifest magnetic susceptibility artifacts. In
contrast, organized thrombi have intermediate signal and can be heterogeneous due to
multiple areas of late enhancement, hindering a prompt differentiation from other
cardiac masses[44].

Pericardial cyst

Pericardial cysts account for approximately 7% of all mediastinal masses and 33% of
all mediastinal cysts, with an incidence of 1/100000. They are mostly congenital
lesions, and commonly located in the right (51%-70%) or left cardiophrenic angles
(28%-38%)[45-47]. The cyst walls consist of a single layer of mesothelial cells, and they
are usually filled with clear fluid. On CMR they have low signal on T1-weighted
sequences and high signal on T2-weighted images[48,49]. There is not fluid
enhancement on LGE imaging, but enhancing walls or intracystic septations may be
observed (Figure 5). CMR ability to discriminate these lesions from other mediastinal
masses allows to avoid further invasive diagnostic procedures, since most patients are
usually asymptomatic.

Symptoms may occur when cysts impinge upon or erodes into adjacent structures.
In case of cardiac compression, patients may present with retrosternal pain or
congestive heart failure symptoms, especially if the right side of the heart is involved.
Treatment is usually conservative and CMR is particularly helpful to assess stability of
the lesion. When pericardial cysts do not enlarge and patients are asymptomatic, a
continued surveillance is the favored option. In contrast, when cysts enlarge and
patients present symptoms, surgery may be indicated, mainly to prevent compressive
effects and life-threatening complications[50].

Mitral annular calcification and liquefaction necrosis

Calcification of the mitral annulus is the result of a chronic non-inflammatory process,
which is characterized by calcium deposition in the annular fibrous ring of the left
atrio-ventricular valve[51].

It is more frequent in older patients, and it is related to altered metabolism of
calcium phosphate and to chronic renal disease. Mitral annular calcification may
present as an immobile mass, generally located in the inferior or inferolateral portion
of the mitral anulus. In severe cases it may involve the whole annulus and compress
the adjacent myocardium. Usually, it is composed by a calcified core enclosed by a
fibrotic envelope. On CMR, it is typically characterized by low signal on T1- and T2-
weighted sequences, without enhancement after intravenous injection of gadolinium.
However, the fibrotic envelope may show a peripheral rim of enhancement on LGE
imaging[51] (Figure 6). Rarely, this lesion can evolve to liquefaction necrosis (or
caseous calcification). In this case, the core contains a mixture of cholesterol, fatty
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3 mo follow-up

Figure 4 Sixty-six-year-old male patient with a history of myocardial infarction and suspected thrombotic formation at echocardiographic
transthoracic examination. Cardiovascular magnetic resonance shows a hypointense intraventricular “mass” at the left ventricular apex (orange arrow) in the

early gadolinium enhancement (A) and late gadolinium enhancement (LGE) (B) sequences near the infarcted wall (i.e. with transmural LGE involvement). The patient
underwent 3 mo of anticoagulant therapy with disappearance of the thrombus in the follow-up examination.
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acids, and amorphous eosinophilic infiltrate, with a surrounding rim that encloses
macrophages, lymphocytes and multiple necrotic areas with calcifications[29].

In contrast to the previous entity, the proteinaceous and fatty components of the
central part of the lesion may manifest with high signal on T1- and T2-weighted
sequences. Moreover, core enhancement is typically observed, either in the early or
late phases after gadolinium injection[29]. Both these entities are considered benign
and they are usually asymptomatic and discovered as incidental findings. Symptoms
are usually caused by related complications such as mitral stenosis or regurgitation,
infective endocarditis and embolization.

Vegetations

CMR can be of help in visualization of valve or mural vegetations, either to clarify
echocardiographic findings or to establish the diagnosis. They may not be visible on
dark-blood imaging, while they are better depicted on cine-CMR, manifesting as low-
signal areas that follow the motion of the cusp to which they are connected[52]. The
differentiation from thrombus may be difficult, because both masses usually do not
show contrast enhancement. However, a peripheral rim enhancement on LGE imaging
has been observed in vegetations and might facilitate the differentiation from other
cardiac masses. The presence of adjacent myocardial enhancement or endothelial
lining may indicate irreversible myocardial damage or fibrosis, and they may
represent indirect signs of infective endocarditis or perivalvular abscess[53].

Cardiac vegetations can also be found secondary to inflammation, in association
with sterile endocarditis, as Libman-Sacks endocarditis. This is characteristic of
patients suffering from systemic lupus erythematosus and can manifest with small
verrucous vegetations, more frequently involving the mitral and aortic valves[54].

NEOPLASTIC-BENIGN

Myxoma
Cardiac myxomas, the most common primary benign cardiac tumor, are well-defined
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Figure 5 Fifty-seven-year-old female patient with parenchymal mass in the right cardiophrenic angle on chest X-ray. This finding was first
investigated by chest computed tomography and then by cardiovascular magnetic resonance (CMR) (A-C). The CMR confirm the presence of the mass on cine-
steady state free precession images (A and B, two orthogonal diastolic frames of plane through the mass respectively), without sign of infiltration confirmed by the
preserved movement of the heart chambers in relation to the mass itself. The mass shows low signal on T1-weighted sequences (D) and high signal on T2-weighted
images (E and F, without and with fat suppression, respectively). These findings are in keeping with pericardial cyst.
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spherical or ovoidal mobile lobulated masses frequently in the LA (80%), arising from
the IAS (80%)[55,56]. Less common locations are the posterior and lateral LA wall, the
LAA, the mitral and tricuspid valve, the posterior RA wall and, rarely, the ventricles
and the pulmonary artery[57]. The endocardial attachment point may be broad, sessile
or narrow or pedunculated (typically mobile). Myxomas prolapse through the mitral
valve has been reported in 30% of cases. Cardiac myxoma may be part of the Carney
complex[58].

There are three patterns on CMR: Most frequently it is isointense in T1-weighted
and hyperintense in T2-weighted images. Conversely, it might appear hypointense in
both T1 and T2 due to calcifications or extremely hyperintense in T2 with “pseudo-
cystic” appearance[56,57]. At first pass perfusion, it presents weaker enhancement
than myocardium (16%-66%)[55]. About half of cardiac myxomas present hetero-
geneous LGE[23,57] (Figure 7). On parametric imaging, they show elevated native T1
and T2 relaxation times and extracellular volume values[27].

Papillary fibroelastoma

Papillary fibroelastoma (PF) is the most common cardiac valve tumor. It can arise from
any endocardial surface but the most common locations are the atrial side of the mitral
valve and the aortic surface of the aortic valve leaflets[23]. PFs are usually small
lesions (< 1.5 cm) composed of collagen and elastic fibers lined by endothelium with a
short pedicle[59]. PF presents signal isointense to normal myocardium in both T1- and
T2-weighted images. On SSFP sequences, it appears as a well circumscribed mobile
valve nodule with possible perilesional artefact[60]. PFs may have homogeneous LGE
[61] (Figure 8). PFs have elevated native T1 and T2 relaxation times[23].

Lipoma
Lipoma is the second most common benign cardiac tumor; most frequently it grows
within the atrial septum and epicardium, but it may occur anywhere in the heart.

At CMR lipoma generally shows a homogeneous nodular elevated signal intensity
on T1-weighted sequences, slightly hyperintense on T2-weighted images and
hypointense on fat-saturated images. Lipomas do not present contrast enhancement or
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Figure 6 Eighty-year-old female with hyperechoic mass of uncertain significance in the left atrio-ventricular groove discovered at
transthoracic echocardiography. Cardiovascular magnetic resonance confirms the presence of the mass with the cine- steady state free precession images
(A). The mass shows slight hyperintense signal on T1-weighted images without and with fat suppression (B and C, respectively), due to the presence of
proteinaceous material, and hypointense signal on short tau inversion recovery images (D). The mass shows no contrast uptake during perfusion sequences (E) and
no contrast enhancement both on early gadolinium enhancement images (F), T1- weighted images (G) repeated after the contrast medium injection, and late
gadolinium enhancement images (H) with a peripheral rim of enhancement. These findings are in keeping with caseous calcification of the mitral valve.
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LGE (Figure 9). They have elevated T1 relaxation times with intermediate values on T2
mapping[23,62].

Hemangioma

Hemangioma accounts for approximately 5%-10% of benign cardiac masses. They are
slow flow vascular malformations that can arise in every cardiac chamber and also
from pericardial space. Most patients are asymptomatic, and cardiac hemangioma is
discovered serendipitously; symptomatic patients may present with dyspnea on
exertion, chest pain, arrhythmias, pericarditis, pericardial effusion, syncope and
sudden death. Cardiac hemangiomas can occur in Kasabach-Merritt syndrome, charac-
terized by multiple systemic hemangiomas, recurrent thrombocytopenia and
consumptive coagulopathy[63].

At CMR hemangiomas have isointense signal to myocardium on T1-weighted
images because of slow blood flow and high signal intensity on T2-weighted images
[23,63,64]. On first pass and LGE sequences they have intense and prolonged
enhancement and may appear heterogeneous depending on the presence of fibrotic
tissue and calcifications[23,64].

Fibroma

Fibromas are benign neoplasms of the connective tissue that originate from fibroblasts,
predominantly seen infants and children (the second most common congenital tumor
after rhabdomyoma). Almost one-third of patients with cardiac fibroma are
asymptomatic and they are mostly diagnosed incidentally. Symptomatic patients may
present with arrhythmias, heart failure, or sudden death. Fibromas are usually solitary
tumors (unlike rhabdomyomas) usually with intramural growth that involve the
ventricles, either in interventricular septum or ventricular free walls[41,65]. They do
not regress, unlike rhabdomyomas, therefore surgery is required[66]. Macroscopically,
they are solid tumors with dimensions varying from few millimeters to a size that can
obliterate cardiac chambers. Microscopically, they are composed of fibroblasts, and
calcification is a common finding[67]. At echocardiography, they appear as a large,
noncontractile, heterogeneous solid mass[65]. On CMR fibroma are well-defined
masses, generally isointense or hypointense on T1-weighted images, and homogen-
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Figure 7 Seventy-nine-year-old female patient with left atrial mass adherent to the interatrial septum discovered on cardiac computed
tomography angiography. The cardiovascular magnetic resonance confirms the presence of the mass using the cine- steady state free precession images (A
and B, two orthogonal planes along the mass respectively). The site of lesion and its heterogeneous appearance on T2-weighet sequence (C and D) short tau
inversion recovery, are in keeping with cardiac myxoma.
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eously hypointense on T2-weighted images[41,65].

Fibromas can show different enhancement patterns after gadolinium adminis-
tration. In fact, they may not show any LGE, or manifest homogeneous or hetero-
geneous enhancement with isointense rim and hypointense core, which is due to
decreased blood supply from the surrounding myocardium[64] (Figure 10).

Rhabdomyoma

Rhabdomyomas are very rare in adults, while they are the most common cardiac
tumors during fetal life and childhood. From a histopathological point of view,
rhabdomyomas are hamartomas, and they are often associated with tuberous sclerosis.
In particular, the incidence of tuberous sclerosis in patients with cardiac
rhabdomyomas is 60%-80%, and more than 50% of patients with tuberous sclerosis
have rhabdomyomas[65].

Rhabdomyomas are multiple in more than 60% of cases, and this multiplicity has an
even higher association with tuberous sclerosis; nevertheless, findings of multiple
cardiac masses at prenatal echocardiogram can be the first suggestion of tuberous
sclerosis[65]. Rhabdomyomas are usually intramyocardial or intracavitary, with
intraventricular growth that may cause outflow obstruction; less commonly, they may
be located in the atrioventricular groove ,possibly causing arrhythmias related to an
accessory pathway[65]. The majority of rhabdomyomas spontaneously regress in early
childhood, therefore surgery is needed only in case of heart failure due to outflow
obstruction or arrhythmias[68]. Rhabdomyomas appear as hyperechoic solid masses
on echocardiogram[65]. On CMR, they are isointense (or slightly hyperintense) on T1-
weighted images, and hyperintense on T2-weighted images with mild LGE[29].
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Figure 8 Seventy-one-year-old female with incidental finding of cardiac mass adherent to the septal leaflet of the tricuspid valve on
cardiovascular magnetic resonance. The examination was performed for suspected noncompact myocardium on a previous ultrasound examination in a
patient with known metastatic thyroid cancer. Orange arrow shows a mobile “valvular” mass at cine-steady state free precession (SSFP) imaging (A and B), with
intermediate signal on T1-weighted images (C), high signal on T2 short tau inversion recovery images (D) and with poor enhancement at late gadolinium
enhancement (LGE) images (E and F). This location of the mass and its cardiovascular magnetic resonance (CMR) features are in keeping with fibroelastoma. The
patient underwent a periodic CMR follow-up for 3 years (G: cine-SSFP and H: LGE sequences), and the mass shows no change.

g

Figure 9 Fifty-one-year-old male patient, with incidental finding of a suspicious intraseptal hyperechoic mass at transesophageal
echocardiography. Cine-steady state free precession magnetic resonance (A and B) confirms the presence of an intraseptal mass with a chemical shift artefact at

the border. The mass shows high signal intensity on proton density-weighted images (C) and low signal intensity on short tau inversion recovery images (D). The
mass shows no enhancement on perfusion images (E and F, two different frame). These findings are in keeping with cardiac lipoma.

Cardiac teratomas

Cardiac teratomas are rare and usually occur in children, representing the second most
common primary cardiac tumor in newborns and fetal life. Cardiac teratomas derive
from germ cells localized in pericardium. Usually, it is intrapericardial and attached to
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Figure 10 Twenty-five-year-old male patient with a ventricular mass of uncertain significance on computed tomography scan performed
after an episode of dyspnea and chest pain. The cardiovascular magnetic resonance demonstrates a well-defined, solitary solid mass with intramural growth
in the anterior wall of the left ventricle (A and B, cine steady state free precession diastolic and systolic frame, respectively). The mass shows homogeneous
hypointense signal on short tau inversion recovery (C) and T1-weighted images (D). Homogeneous contrast uptake during perfusion sequences (E and F, two
different frame of the perfusion sequence) and homogeneous hyperintensity in the early (G) and late gadolinium enhancement images (H). These findings are in
keeping with cardiac fibroma. The patient finally underwent cardiac surgery, and the final histopathological diagnosis confirmed the radiological suspicion.

pulmonary artery and aorta and can compress SVC and RA. Intramyocardial teratoma
is extremely rare and often manifests with congestive heart failure. Surgery is the
treatment of choice. Recurrence or malignant degeneration is rare[68].

Typically, imaging modalities show an intrapericardial multilocular mass with
cystic and solid components near aorta and pulmonary artery. On CMR, teratomas
may appear iso- or hypointense on T1-weighted images, hyperintense on T2-weighted
images and hypointense on first-pass myocardial perfusion imaging, with this latter
allowing to differentiate them from hemangiomas. After contrast injection teratomas
appear hypointense on first pass perfusion, with heterogeneous LGE[69].

Paragangliomas

Paragangliomas are extremely rare, with an incidence varying between 1.5-9 cases per
million people, and it is higher in the fourth decade of life. Up to a third of them may
be familial, which makes important a proper family screening. Cardiac paragan-
gliomas represent up to 2% of all paragangliomas|[70,71].

They are chromaffin-cell tumors that arise from parasympathetic or sympathetic
ganglia of neural crest cells localized outside adrenal glands. They may present as a
cardiac mass associated with hypertension and/or palpitation. Echocardiography,
computed tomography and CMR can provide valuable anatomical and tissue charac-
terizations, however laboratory investigations such as urine and blood tests for
analysis of catecholamines and catecholamines metabolites are required to assess the
diagnosis[72] .

CMR shows hypointense signal on T1 weighted images and hyperintense signal on
T2 with “salt and pepper” appearance on both T1 and T2 weighted sequences; salt
represents hemoglobin degradation products from intralesional hemorrhage and
pepper depends on flow voids due to high vascularity. Paragangliomas show strong
and early contrast enhancement after gadolinium injection, which follows the arterial
vessels enhancement[72]. These tumors are characterized by peripheral LGE, due to
tumor necrosis.
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Figure 11 Sixty-five-year-old female patient with transthoracic echocardiogram finding of irregular mass originates from the right atrium
wall with intracavitary expansion. Cardiovascular magnetic resonance with cine-steady state free precession images (A and B) confirms the presence of an
infiltrative atrial mass in the proximity of atrio-ventricular sulcus. T1-weighted and short tau inversion recovery images (C and D, respectively) show an heterogenous
hyperintense signal intensity due to complex composition of the mass. The mass shows inhomogeneous enhancement at early gadolinium enhancement and late
gadolinium enhancement sequences (E and F, respectively). These findings are in keeping with a malignant primary cardiac tumor. The patient underwent myocardial

biopsy with diagnosis of angiosarcoma.
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Biopsy is contraindicated in these hyper-vascularized tumors due to the high risk of
life-threatening bleeding.

NEOPLASTIC-MALIGNANT: PRIMARY CARDIAC TUMOR

Table 2 shows the CMR characteristics of cardiac masses that facilitates the differential
diagnosis between benign and malignant masses.

Sarcomas

Angiosarcoma is the most common cardiac mass and accounts approximately for 30%
of malignant primary cardiac tumors[73]. It occurs mainly in the middle-aged adults
and males are more often affected than females at a ratio of 2:1. Angiosarcoma is
highly aggressive neoplasm characterized by rapid local spread and distant meta-
stases. In approximately 75% of cases, angiosarcomas are located in RA close to atrio-
ventricular sulcus[19]. However, as mentioned above, the loco-regional infiltration
with involvement of pericardium, tricuspid valve, SVC, right ventricle and right
coronary artery is also common[19]. It can cause symptoms such as chest pain and
arrhythmias. The most common site of metastasis of angiosarcoma is lung followed by
liver and brain[74].

The CMR characteristic of angiosarcoma reflects the heterogenous composition of
angiosarcoma characterized by high vascularization, necrosis, hemorrhage and
calcification[19]. T1 and T2 weighted images show heterogenous hyperintense signal
intensity due to complex composition of mass with marked enhancement after contrast
medium injection due to hyper vascularized nature of the mass[19] (Figure 11).

Leiomyosarcoma usually represent the 8%-9% of cardiac sarcomas and is associated
with a worst prognosis in 6-14 mo[19,75]. In 60% of cases, leiomyosarcoma involve the
LA followed by the involvement of right ventricle, RA and left ventricle[19]. Similar to
other cardiac masses the main problems caused by tumors are mainly due to loco-
regional invasion. The presence of leiomyosarcoma in the LA can cause pulmonary
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Table 2 Malignant tumor characteristic

Size More than 5 cm

Number More than one

Location Right heart involvement or more than one cardiac chamber

Implantation Broad base of implantation

Infiltration Direct infiltration of structures such as myocardium, valves, epicardial fat and pericardial leaflets
Effusion Pericardial or pleural hemorrhagic effusion

Signal intensity Heterogeneous signal intensity in T1-weighted and T2-weighted images

Perfusion Heterogeneous enhancement

EGE and LGE Heterogeneous enhancement

EGE: Early gadolinium enhancement; LGE: Late gadolinium enhancement.

Figure 12 Sixty-five-year-old female with transthoracic echocardiogram finding of two masses in the left ventricle and right cavities
following an episode of lipothymia. Cardiovascular magnetic resonance (CMR) with cine-steady state free precession images (A and B) demonstrates the
presence of four distinct masses, the most voluminous mass with infiltrative features and irregular margins, extending from the right atrio-ventricular groove to both
atrial and the ventricular walls. These lesions are characterized by a substantially isointense signal to cardiac muscle in T1-weighted images (C), slightly hyperintense
in T2-weighted images (D) with heterogeneous enhancement at early gadolinium enhancement and relatively homogeneous hypointensity at late gadolinium
enhancement images (E, F). These findings are in keeping with cardiac lymphoma. The patient underwent biopsy with a diagnosis of cardiac large B-cell lymphoma
and started a chemoimmunotherapy with an excellent response as shown on CMR (G and H, cine steady state free precession) after 2 wk. CIT: Chemo-
immunotherapy.

vein obstruction, pericardial effusion, chest pain, atrial arrhythmias and congestive
heart failure. Furthermore, leiomyosarcoma is often characterized by rapid growth
with distant metastasis and local recurrence after removal[75]. The CMR character-
istics show hypo-isointense mass in T1 weighted sequences and hyperintense signal
intensity in T2 weighted images[19]. LGE images show heterogenous signal intensity
on post-contrast images due to hypervascular areas and necrosis[19].

Rhabdomyosarcoma represent the most common malignant cardiac mass in
childhood[23]. Patients with rhabdomyosarcoma often show multiple masses, and
there is not any predilection in terms of cardiac structures involved[23]. Rhabdomy-
osarcoma has the tendency to infiltrate the surrounding structures and in particular
pericardium and valves[76]. Common symptoms include arrhythmia and heart failure
sometimes associated with eosinophilia[19]. CMR shows isointense signal intensity on
T1 and T2 images with hyperintense signal intensity on STIR images in presence of
necrosis[23]. After the administration of contrast medium, rhabdomyosarcoma shows
enhancement due to increased vascularization[19].
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Figure 13 Sixty-five-year-old male with lung cancer. Cardiovascular magnetic resonance examination with cine-steady state free precession sequences in
planes of various orientations (A-D) clearly shows infiltration of the atrium through the pulmonary veins.

Figure 14 Sixty-four-year-old male with ocular melanoma with multiple metastases underwent cardiovascular magnetic resonance for
characterization of a myocardial mass discovered at echocardiography. Nine oval nodules (three are indicated by orange arrows) with diameters
ranging from 5 mm to 19 mm, slightly hyperintense in cine-steady state free precession images, T1-weighted (due to the presence of melanin) and T2-weighted
sequences. The findings are in keeping with cardiac melanoma localization.
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Lymphoma

Primary cardiac lymphoma usually occurs in 1.3% of primary cardiac tumors; typically
arising from large B-cells in immunocompromised patients with an average age of 60-
years-old[19]. Usually, masses are allocated in right chambers, often right ventricle,
and are associated with pericardial effusion[63]. Despite the aggressive nature of this
tumor, it shows a good response to monoclonal anti-CD20 antibody[23]. CMR images
can be identified usually with the following two patterns: The first pattern shows
multiple isointense masses in T1 and mildly hyperintense in T2 weighted images often
located in right ventricle[77], while the second pattern is characterized by diffuse
pericardial invasion of soft tissue associated with hemorrhagic effusion[23]. After
administration of contrast agent, LGE usually shows no or progressive mild
enhancement (Figure 12).

Mesothelioma

Pericardial mesothelioma is usually associated with asbestos exposure, and it is
characterized by masses arising from pericardium, with pericardial thickening and
hemorrhagic pericardial effusion[19]. Involvement of myocardium by mesothelioma is
extremely rare, however protrusion of nodular mass from myocardium is suggestive
for tumor invasion[19,78]. Symptoms related to pericardial mesothelioma often
include breathlessness, chest pain and sometimes pericardial constriction or cardiac
tamponade[23]. T1-weighted images show isointense mass, while T2-weighted images
present heterogeneous hyperintense signal intensity[23]. Post-contrast images show
high intense signal intensity on LGE images[23].

NEOPLASTIC-MALIGNANT: METASTATIC DISEASE

Secondary malignant cardiac tumors, also known as cardiac metastases, are cancerous
tumors with spread to cardiac structures. Cardiac metastasis are very common in
patients with primary tumors (usually arise from lung, breast and melanomal[12]),
often clinically silent and mainly involve myocardium and pericardium|[73].

Tumors can spread to the heart through four alternative pathways: Coronary
arteries, lymphatic system, direct extension from nearby tissue and intracavitary
diffusion through either the IVC or the pulmonary veins[23] (Figure 13).

CMR finding on tissue characterization are not specific and can change based on the
metastasis component, however the most common pattern show low signal intensity
on T1 and high signal intensity on T2 weighted images with high signal intensity on
LGEJ[23]. Metastasis due to melanoma are characterized by high signal intensity on T1
weighted images[79] (Figure 14).

CONCLUSION

CMR is a fundamental radiological method in patients with suspected cardiac mass. It
allows an optimal non-invasive localization of the lesion, providing multiplanar
information on its relation to the surrounding structures. Moreover, with the
additional feature of tissue characterization, CMR can be highly effective to
distinguish pseudomasses from masses, as well as benign from malignant masses, that
can also be used for differential diagnosis in the latter. Although histopathological
assessment sometimes has an important role to make a definitive diagnosis, CMR is a
key modality in the diagnosis of suspected cardiac masses with a great impact on
patient management.
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